REJ09B0047-0200 Everywhere you imagine. g 2 E N ESAS

M 16C/28 Group

% (M16C/28, M16C/28B)

Hardware Manual

RENESAS 16-BIT SINGLE-CHIP MICROCOMPUTER
M16C FAMILY / M16C/Tiny SERIES

All information contained in these materials, including products and product specifications,

represents information on the product at the time of publication and is subject to change by
Renesas Technology Corp. without notice. Please review the latest information published

by Renesas Technology Corp. through various means, including the Renesas Technology

Corp. website (http://www.renesas.com).

Rev. 2.00 RenesasTechnology
Revision Date: Jan.31, 2007 WWW.renesas.com



10.

11.

12.

13.

Notes regarding these materials

This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.
Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.
You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.
All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )
Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.
When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.
With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.
Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(2) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.
Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety design for
hardware and software including but not limited to redundancy, fire control and malfunction prevention,
appropriate treatment for aging degradation or any other applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.
In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.
This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.
Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.




General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes

on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
General Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each
other, the description in the body of the manual takes precedence.

1.

Handling of Unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in the
manual.

— The input pins of CMOS products are generally in the high-impedance state. In operation
with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the
vicinity of LS|, an associated shoot-through current flows internally, and malfunctions occur
due to the false recognition of the pin state as an input signal become possible. Unused
pins should be handled as described under Handling of Unused Pins in the manual.

Processing at Power-on

The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the states
of pins are not guaranteed from the moment when power is supplied until the reset
process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset
function are not guaranteed from the moment when power is supplied until the power
reaches the level at which resetting has been specified.

Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do
not access these addresses; the correct operation of LS| is not guaranteed if they are
accessed.

Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become

stable. When switching the clock signal during program execution, wait until the target clock

signal has stabilized.

— When the clock signal is generated with an external resonator (or from an external
oscillator) during a reset, ensure that the reset line is only released after full stabilization of
the clock signal. Moreover, when switching to a clock signal produced with an external
resonator (or by an external oscillator) while program execution is in progress, wait until
the target clock signal is stable.

Differences between Products

Before changing from one product to another, i.e. to one with a different part number, confirm
that the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different part numbers may
differ because of the differences in internal memory capacity and layout pattern. When
changing to products of different part numbers, implement a system-evaluation test for
each of the products.




How to Use This Manual

1. Purpose and Target Readers

This manual is designed to provide the user with an understanding of the hardware functions and electrical
characteristics of the MCU. It is intended for users designing application systems incorporating the MCU. A basic
knowledge of electric circuits, logical circuits, and MCUs is necessary in order to use this manual.

The manual comprises an overview of the product; descriptions of the CPU, system control functions, peripheral
functions, and electrical characteristics; and usage notes.

Particular attention should be paid to the precautionary notes when using the manual. These notes occur
within the body of the text, at the end of each section, and in the Usage Notes section.

The revision history summarizes the locations of revisions and additions. It does not list all revisions. Refer
to the text of the manual for details.

The following documents apply to the M16C/28 Group (M16C/28 and M16C/28B). Make sure to refer to the latest
versions of these documents. The newest versions of the documents listed may be obtained from the Renesas
Technology Web site.

Document Type Description Document Title | Document No.
Hardware manual | Hardware specifications (pin assignments, M16C/28 Group | This hardware
memory maps, peripheral function (M16C/28, manual
specifications, electrical characteristics, timing | M16C/28B)
charts) and operation description Hardware Manual

Note: Refer to the application notes for details on
using peripheral functions.

Software manual | Description of CPU instruction set M16C/60, REJ09B0137
M16C/20,
M16C/Tiny Series
Software Manual
Application note |Information on using peripheral functions and Available from Renesas
application examples Technology Web site.
Sample programs

Information on writing programs in assembly
language and C

Renesas Product specifications, updates on documents,
technical update |etc.




2.

Notation of Numbers and Symbols
The notation conventions for register names, bit names, numbers, and symbols used in this manual are described
below.
(1) Register Names, Bit Names, and Pin Names
Registers, bits, and pins are referred to in the text by symbols. The symbol is accompanied by the word
“register,” “bit,” or “pin” to distinguish the three categories.
Examples the PMO03 bit in the PMO register
P35 pin, VCC pin
(2) Notation of Numbers

The indication “2” is appended to numeric values given in binary format. However, nothing is appended to the
values of single bits. The indication “16” is appended to humeric values given in hexadecimal format. Nothing
is appended to numeric values given in decimal format.
Examples Binary: 112

Hexadecimal: EFAQ16

Decimal: 1234




3. Register Notation

The symbols and terms used in register diagrams are described below.

XXX Register

b7 b6

b5 b4 b3 b2

0 Symbol Address After Reset
XXX XXX 0016

1 1 1 1 1 1 1 1
I T T T A R
vt b1 Bit Symbol Bit Name Function RW *9
1 1 1 1 1 1 1 1 /
A A XXX bit b1.00
Py its 10: XXX @
A A A 0 1: XXX
i i i i i i i 1 0: Do not set.
: : : : : : I XXX1 11 XXX RW
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
A R — Nothing is assigned. If necessary, set to 0.
HE B (b2) When read, the content is undefined. - |3
b —
1 1 1 1 1
A A . | Reserved bits |
oo (b3) eserved bits Setto O. RW |«
T
P ) . . , ]
L S XXXA XXX bits Function varies according to the operating RW
o mode.
1 1 1
1 1 1
1 1 1
1 1 1
IR R OV XXX5 WO
P
1 1
1 1
P
| mmmmmmmmmmmemeoed XXX6 RW
i
i
L L L PP L P L XXX bit 0: XXX

XXX7 1 XXX RO

*1

Blank: Set to 0 or 1 according to the application.
0: Setto 0.
1: Setto 1.

X: Nothing is assigned.

*2
RW: Read and write.
RO: Read only.
WO: Write only.
—: Nothing is assigned.

*3
* Reserved bit
Reserved bit. Set to specified value.

*4

* Nothing is assigned
Nothing is assigned to the bit. As the bit may be used for future functions, if necessary, set to 0.

* Do not set to a value
Operation is not guaranteed when a value is set.

» Function varies according to the operating mode.
The function of the bit varies with the peripheral function mode. Refer to the register diagram for information
on the individual modes.




4.

List of Abbreviations and Acronyms

Abbreviation Full Form
ACIA Asynchronous Communication Interface Adapter
bps bits per second
CRC Cyclic Redundancy Check
DMA Direct Memory Access
DMAC Direct Memory Access Controller
GSM Global System for Mobile Communications
Hi-Z High Impedance
IEBus Inter Equipment bus
I/0 Input/Output
IrDA Infrared Data Association
LSB Least Significant Bit
MSB Most Significant Bit
NC Non-Connection
PLL Phase Locked Loop
PWM Pulse Width Modulation
SFR Special Function Registers
SIM Subscriber Identity Module
UART Universal Asynchronous Receiver/Transmitter
VCO Voltage Controlled Oscillator

All trademarks and registered trademarks are the property of their respective owners.

IEBus is a registered trademark of NEC Electronics Corporation.
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Quick Reference by Address

Address Register Symbol Page Address Register Symbol | Page
000016 004016
000116 004116
000216 004216
000316 004316
000415 | Processor mode register 0 PMO 41 004455 |INT3 interrupt control register INT3IC 73
00051 | Processor mode register 1 PM1 41 004515 |IC/OC 0 interrupt control register ICOCO0IC 73
000615 | System clock control register 0 CMO 46 004616 |IC/OC 1 interrupt control register, ICOCI1IC, 73
00076 | System clock control register 1 CM1 47 1C-BUS interface interrupt control register| IICIC
000816 004716 | IC/OC base timer interrupt control register,| BTIC, 73
000916 | Address match interrupt enable register | AIER 85 ScLSpa interrupt control register SCLDAIC
000A1s | Protect register PRCR 66 004815 | SI/O4 interrupt control register, S4IC, 73
000B16s INTS5 interrupt control register INT5IC
000C1s | Oscillation stop detection register CM2 48 004915 | SI/O3 interrupt control register, S3IC, 73
000D1s INT4 interrupt control register INT4IC
000E1s | Watchdog timer start register WDTS 87 004A1s | UART2 Bus collision detection interrupt control register | BCNIC 73
000Fss | Watchdog timer control register WDC 87 004B1s | DMAO interrupt control register DMOIC 73
001016 004C1s | DMAL interrupt control register DML1IC 73
00111 | Address match interrupt register 0 RMADO 85 004D1s | Key input interrupt control register KUPIC 73
001215 004E1s | A/D conversion interrupt control register | ADIC 73
001316 004F1s |UART?2 transmit interrupt control register S2TIC 73
001416 005016_| UART2 receive interrupt control register S2RIC 73
00151 | Address match interrupt register 1 RMAD1 85 005116 | UARTO transmit interrupt control register SOTIC 73
001615 005215 | UARTO receive interrupt control register SORIC 73
001715 005315 | UART1 transmit interrupt control register S1TIC 73
001816 005416 | UART1 receive interrupt control register S1RIC 73
001915 | Voltage detection register 1 VCR1 36 005515 | Timer AQ interrupt control register TAOIC 73
001A:5 | Voltage detection register 2 VCR2 36 00561 | Timer Al interrupt control register TALIC 73
001B16 0057:¢ | Timer A2 interrupt control register TA2IC 73
001C1s | PLL control register 0 PLCO 50 005815 | Timer A3 interrupt control register TA3IC 73
001D16 00596 | Timer A4 interrupt control register TA4IC 73
001E:s | Processor mode register 2 PM2 49 005A1 | Timer BO interrupt control register TBOIC 73
001Fss | | ow voltage detection interrupt register | DAINT 37 005B1s | Timer B1 interrupt control register TB1IC 73
002016 005C16 | Timer B2 interrupt control register TB2IC 73
002115 | DMAO source pointer SARO 92 005D1s |INTO interrupt control register INTOIC 73
002216 005E1s |INT1 interrupt control register INT1IC 73
002316 005F1s |INT2 interrupt control register INT2IC 73
002416 006016
002516 | DMAO destination pointer DARO 92 006115
002616 006216
002716 006316
002815 DMAO transfer counter TCRO 92 00641
002916 006516
002A16 006616
002B1s 006716
002C1s | DMAO control register DMOCON 91 006816
002D16 006916
002E1s 006A16
002F16 006B1s
003016 006C16
003115 | DMAL source pointer SAR1 92 006D16
003216 006E1s
003316 006F15
003416 007016
003516 | DMAL destination pointer DAR1 92 007116
003616 007216
003716 007316
003810 DMAL1 transfer counter TCR1 92 007410
003916 007516
003A1s 007616
003B1s 007716
003C1s | DMA1 control register DM1CON 91 007815
003D1s 007916
003E1s 007A16
003F16 007B1s
NOTES: 007C1o
1. The blank areas are reserved and cannot be accessed by users. 007D1s
007E1s
007F16
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Quick Reference by Address

Address Register Symbol Page Address Register Symbol Page
223‘1’“ TM, WG register 0 G1TMo, G1P00| 141,142
030218 | T\ WG register 1 G1TM1, G1PO1| 141,142
01B01s 030316
21222 gzg‘:i TM, WG register 2 G1TM2, G1PO2 | 141,142
gigi: Flash memory control register 4 EMR4 309 gzz(:: TM, WG register 3 ST, G1p03| 141,142
. 2)
212:: Flash memory control register 1 FMR1 308 2223:: TM, WG register 4 G1TM4, G1POA| 141,142
i 2,
212;: Flash memory control register 0 FMRO 308 Zzg/;: TM, WG register 5 61TMS, 61pOS5| 141,142
018910 030C. | 1)\ WG register 6 G1TM6, G1PO6 | 141,142
030D16
Zzgim TM, WG register 7 G1TM7, G1PO7| 141,142
16
021015 || ow-power Consumption Control 0 LPCCO 351 0310:s_| WG control register 0 G1POCRO 141
021116 031156 | WG control register 1 G1POCR1 141
021216 031215 | WG control register 2 G1POCR2 141
021315 03131s | WG control register 3 G1POCR3 141
021416 031416 | WG control register 4 G1POCR4 141
021516 03151 | WG control register 5 G1POCR5 141
021616 031616 | WG control register 6 G1POCR6 141
021716 03171s | WG control register 7 G1POCR7 141
021816 03181s | TM control register 0 G1TMCRO 140
021916 031915 | TM control register 1 G1TMCR1 140
031A1s | TM control register 2 G1TMCR2 140
031B1s | TM control register 3 G1TMCR3 140
031cis | TM control register 4 G1TMCR4 140
025016 031D1s | TM control register 5 G1TMCR5 140
025116 031E1s | TM control register 6 G1TMCR6 140
025215 031F:s | TM control register 7 G1TMCR7? 140
025316 032016 . .
025410 031, | BASE timer register GI1BT 137
025516 032215 | Base timer control register 0 G1BCRO 137
025616 0323:5_| Base timer control register 1 G1BCR1 138
025716 032415 | TM prescale register 6 G1TPR6 140
025816 032515 | TM prescale register 7 GI1TPR7 140
025916 032615 | Function enable register GI1FE 143
025A1s 032715 | Function select register G1FS 143
025B16 032816 . .
025Css | On-chip oscillator control register ROCR 47 0329, | BASE timer reset register G1BTRR 139
025Dss | pin assignment control register PACR 172,292 032215 | Divider register G1DV 138
025E1s | Peripheral clock select register PCLKR 49 032B1s
025F1s || aw-power Consumption Control 1 LPCC1 351 032C16
032D16
032E16
032F16
02E0ss | |2CQ data shift register S00 253 033016 | Interrupt request register G1IR 144
02E116 033115 | Interrupt enable register O GI1IEO 145
02E215 |12CQ address reqister S0DO 252 0332:s | Interrupt enable register 1 G1lIE1 145
02E316 |12C0 control reqister 0 S1D0 254 033316
02E415 | |2CQ clock control register S20 253 033415
02E515 | |2CQ start/stop condition control registen S2D0 258 033515
02E61s |12CQ control register 1 S3D0 256 033616
02E715 | 12C0 cantrol register 2 S4D0 257 033716
02E81s | |2CQ status register S10 255 033816
02E916 033916
02EA16 033A16
033B16
033Ci6
033D16
02FEzs 033E1s | NMI digital debounce register NDDR 293
02FF1s 033F:s | P17 digital debounce register P17DDR 293
NOTES:

1. The blank areas are reserved and cannot be accessed by users.

2. This register is included in the flash memory version.
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Quick Reference by Address

Address Register Symbol Page Address Register Symbol Page
034016 03sois | Count start flag TABSR 101,115
034118 03s1:s | Clock prescaler reset flag CPSRF 102,115
034215 | Timer AL-1 register TA11 127 038215 Of\e—shot start ﬂag ONSF 102
034316 038315 | Trigger select register TRGSR 102,129

. ) Up-down flag UDF 101
034415 | Timer A2-1 register TA21 127 03841
034516 038518
034615 | . i ) 127 038615 | __. .
347 Timer A4-1 register TA41 038740 Timer AO register TAO 101
0348:5_| Three-phase PWM control register 0 INVCO 124 038815 | _. .
0349:s | Three-phase PWM control register 1 INVC1 125 oagay, | TIMEF Al register TAl 101,127
034A:_| Three-phase output buffer register 0 IDBO 126 038A16 | o . 101.127
03415 | Three-phase output buffer register 1 IDB1 126 038R Timer A2 register TA2 '
034cy, | Dead time timer DTT 126 038Ci6 | = ) 101
034D1s | Timer B2 interrupt occurrence frequency set counter] ICTB2 126 038D1s Timer A3 register TA3
034E15 | Position-data-retain function contol register PDRFE 134 038E15 | Timer A4 register TA4 101,127
034F16 038F16
03508 0390: | Timer BO register TBO 115
035115 039116
035210 03925 | Timer B1 register TB1 115
035316 039316
03541 03945 | Timer B2 register TB2 115,129
035515 039516
035616 039616 | Timer AQ mode register TAOMR 100
035716 039716 | Timer A1 mode register TALMR 100,130
035816 0398:5 | Timer A2 mode register TA2MR 100,130
035916 0399:¢ | Timer A3 mode register TA3MR 100
035A15 039A15 | Timer A4 mode register TA4AMR 100,130
035B16 039815 | Timer BO mode register TBOMR 114
035C16 039cs6 | Timer B1 mode register TBIMR 114
035D1s 039D1s | Timer B2 mode register TB2MR 114,130
035E;6 | Intermupt request cause select register 2 IFSR2A 74 039E1s | Timer B2 special mode register TB2SC 128,222
035F36 | Interrupt request cause select register | IFSR 74, 82 039F16
036015 | SI/O3 transmit/receive register S3TRR 213 03A016 | UARTO transmit/receive mode register UOMR 170
036116 03A116 | UARTO bit rate generator UOBRG 169
036216 | SI/Q3 cantrol register S3C 213 03A216 . .
S 169
036316 | S1/Q3 bit rate generator S3BRG 213 03A316 UARTO transmit buffer register voTe
036416 | SI/O4 transmit/receive register S4TRR 213 03A416 | UARTOQ transmit/receive control register O uocao 171
036516 03A516 | UARTO transmit/receive control register 1 UOoC1 172
036615 | SI/O4 control register S4cC 213 03A616 . . 169
036715 | SI/O4 bit rate generator S4BRG 213 03az.s | YARTO receive buffer register UORB
036816 03A816 | UART1 transmit/receive mode register UIMR 170
036916 03A915 | UART1 bit rate generator U1BRG 169
036A. 03AA . )
° " |UART1 transmit buffer register UilTB 169
036B1s 03AB1s
036C16 03AC16 | UARTL transmit/receive control register 0 Uico 171
036D16 03AD1s | UART transmit/receive control register 1 uici 172
036E16 03AEz16
i i 169
036F10 03AF1s UART1 receive buffer register U1RB
037016 03B01s | UART transmit/receive control register 2 UCON 171
037116 03B116
037216 03B216
037315 03B316
037416_| UART2 special mode register 4 U2SMR4 174 03B416
03751 | UART2 special mode register 3 U2SMR3 174 038516
03761 | UART2 special mode register 2 U2SMR2 173 03B616
037715 | UART2 special mode register U2SMR 173 03B716
03781s_| UART2 transmit/receive mode register U2MR 170 03B81s | DMAO request cause select register DMOSL 90
037915 | UART2 bit rate generator U2BRG 169 03B916
i 91
037Ats | |\ b0 transmit buffer register U2TB 169 03BA1s | DMA1 request cause select register DM1SL
037B1s 03BB1s
037¢1s | UART2 transmit/receive control register 0 U2Co 171 03BCis
037D1s | UART2 transmit/receive control register 1 U2C1 172 03BD1s
037Ess | JART? receive buffer register U2RB 169 03BEse
037F16 03BFis
NOTE:

1. The blank areas are reserved and cannot be accessed by users.
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Quick Reference by Address

Address Register Symbol Page
03C016 :

oo A/D register 0 ADO 221
03C216 f

vsca A/D register 1 AD1 221
03C416 -

e A/D register 2 AD2 221
03C61s | A/D register 3 AD3 221
03C716

03C81s | A/D register 4 AD4 221
03C916

03CA16 .

03CBas A/D register 5 AD5 221
03CCw| AID register 6 AD6 221
03CD1s

03CB 1 AID register 7 AD7 221
03CFis

03D016

03D116

03D2:6 | A/D trigger control register ADTRGCO 220
03D3ss | A/D convert status register Q ADSTATO 221
03D41s | A/D control register 2 ADCON2 219
03D516

03D6ss | A/D control register 0 ADCONO 219
03D71s | A/D control register 1 ADCON1 219
03D816

03D916

03DA16

03DB16

03DCi6

03DD16

03DEss

03DF1s

03E016 | Port PO register PO 290
03Elis | Port P1 register P1 290
03E216 | Part PQ direction register PDO 289
03E316 | Port P1 direction register PD1 289
03E416 | Port P2 register P2 290
03E516 | Port P3 register P3 290
03E616 | Port P2 direction register PD2 289
03E71s | Port P3 direction register PD3 289
03E816

03E916

03EA1s

03EB1s

03EC1s | Port P6 register P6 290
03ED1s | Port P7 register P7 290
03EEss | Port P6 direction register PD6 289
03EFs6 | Port P7 direction register PD7 289
03F016 | Port P8 register P8 290
03FlLis | Port P9 register P9 290
03F21s | Port P8 direction register PD8 289
03F31s | Part P9 direction register PD9 289
03F415 | Port P10 register P10 290
03F516

03F61s | Port P10 direction register PD10 289
03F716

03F816

03F916

03FA16

03FBa1e

03FCis | Pull-up control register 0 PURO 291
03FDs1s | Pull-up control register 1 PUR1 291
03FEss | Pull-up control register 2 PUR2 291
03FF1s | Port control register PCR 292

NOTE:

1. The blank areas are reserved and cannot be accessed by users.



LENESANS

M16C/28 Group (M16C/28, M16C/28B)

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

1. Overview

1.1 Features

The M16C/28 Group (M16C/28, M16C/28B) of single-chip control MCUs incorporates the M16C/60 series
CPU core, employing the high-performance silicon gate CMOS technology and sophisticated instructions
for a high level of efficiency. The M16C/28 Group (M16C/28, M16C/28B) are housed in 64-pin and 80-pin
plastic molded LQFP packages and also in 85-pin plastic molded TFLGA (Thin Fine Pitch Land Grid Array)
package. This MCU is capable of executing instructions at high speed. In addition, the CPU core boasts a
multiplier and DMAC for high-speed operation processing to make adequate for office automation, commu-
nication devices, and other high-speed processing applications.

The M16C/28 Group has normal version, T version, and V version.

This hardware manual only describes the normal version. For information on T version and V version,
please contact Renesas Technology Corp.

1.1.1 Applications

Audio, cameras, office equipment, communication equipment, portable equipment, home appliances (in-
verter solution), motor control, industrial equipment, etc.
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M16C/28 Group (M16C/28, M16C/28B)

1. Overview

1.1.2 Specifications
Table 1.1 and 1.2 list specification outline.

Table 1.1 Specifications (80/85-Pin Package)

Item Function

Specification

CPU Number of basic instructions

91 instructions

Minimum instruction
excution time

41.7 ns (f(BCLK) = 24 MHz, Vcc = 4.2 V 10 5.5 V) (M16C/28B)
50 ns (f(BCLK) = 20 MHz, Vice= 3.0 V to 5.5 V) (M16C/28,M16C/28B)
100 ns (f(BCLK) = 10 MHz, Vice= 2.7 V to 5.5 V) (M16C/28,M16C/28B)

Operation mode

Single chip mode

Address space

1 Mbyte

Memory capacity

See Tables 1.3 and 1.4

Peripheral 1/0 port Input/Output: 71 lines
Function Multifunction timer TimerA: 16 bits x 5 channels, TimerB: 16 bits x 3 channels
Three-phase motor control timer
TimerS (Input Capture/Output Compare):
16bit base timer x 1 channel (Input/Output x 8 channels)
Serial 1/0 2 channels (UARTO, UART1)

UART, clock synchronous
1 channel (UART?2)

UART, clock synchronous, 12C bus, or IEbus(®)
2 channels (SI/03, SI/04)

Clock synchronous
1 channel (Multi-Master 12C bus)

A/D converter

10 bits x 24 channels

DMAC 2 channels
Watchdog timer 15 bits x 1 (with prescaler)
Interrupt 25 internal and 8 external sources, 4 software sources, 7 levels

Clock generation circuit

4 circuits

* Main clock I](These circuits contain a built-in feedback
« Sub-clock [resistor)

» On-chip oscillator

 PLL frequency synthesizer

Oscillation stop detect function

Main clock oscillation stop, re-oscillation detect function

Voltage detection circuit

Available

Electrical Power supply voltage
Characteristics

Vcc=4.2V 055 V (f(BCLK) = 24 MHz) (M16C/28B)
Vce =3.0 Vo 5.5 V (f(BCLK) = 20 MHz) (M16C/28, M16C/28B)
Vce=2.7 Vo 5.5V (f(BCLK) = 10 MHz) (M16C/28, M16C/28B)

Power consumption

23 mA (Vcc=5YV, f(BCLK) = 24 MHz) (M16C/28B)
18 mA (Vcc =5V, f(BCLK) = 20 MHz)

25 pA (f(Xciv) = 32 KHz on RAM)

3.0 pA (Vcc =3V, f(Xcin) = 32 KHz, in wait mode)
0.7 pA (Vec =3V, in stop mode)

Flash Memory| Program/erase supply voltage

27Vto55V

Program and erase endurance

100 times (all space) or 1,000 times (Blocks 0 to 5)
/10,000 times (Block A, Block B(2))

Operating Ambient Temperature

-20 to 85°C/-40 to 85°C(@

Package

80-pin plastic mold LQFP, 85-pin plastic mold TFLGA

NOTES:

1. IEBus is a trademark of NEC Electronics Corporation.
2. Refer to Tables 1. 5to 1.7 Product Code for number of program/erase and operating ambient temperature.
3. PLL frequency synthesizer is required to use the M16C/28B at f(BCLK) = 24 MHz.
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M16C/28 Group (M16C/28, M16C/28B) 1. Overview

Table 1.2 Specifications (64-Pin Package)

Item Function Specification

CPU Number of basic instructions 91 instructions
Minimum instruction 41.7 ns (f(BCLK) = 24 MHz, VCC = 4.2 V to 5.5 V) (M16C/28B)
excution time 50 ns (f(BCLK) = 20 MHz, VCC = 3.0 V to 5.5 V) (M16C/28,M16C/28B)

100 ns (f(BCLK) = 10 MHz, VCC = 2.7 V to 5.5 V) (M16C/28,M16C/28B)

Operation mode Single chip mode
Address space 1 Mbyte
Memory capacity See Tables 1.3and 1.4

Peripheral 1/0 Port Input/Output: 55 lines

Function Multifunction timer TimerA: 16 bits x 5 channels, TimerB: 16 bits x 3 channels

Three-phase motor control timer
TimerS (Input Capture/Output Compare):
16bit base timer x 1 channel (Input/Output x 8 channels)

Serial 110 2 channels (UARTO, UART1)

UART, clock synchronous
1 channel (UART?2)

UART, clock synchronous, 12C bus, or IEbus(®)
1 channels (S1/03, SI/04)

Clock synchronous
1 channel (Multi-Master 12C bus)

A/D converter 10 bits x 13 channels

DMAC 2 channels

Watchdog timer 15 bits x 1 (with prescaler)

Interrupt 24 internal and 8 external sources, 4 software sources, 7 levels
Clock generation circuit 4 circuits

» Main clock I:l(These circuits contain a built-in feedback
+ Sub-clock [presistor)

« On-chip oscillator

* PLL frequency synthesizer

Oscillation stop detect function | Main clock oscillation stop, re-oscillation detect function

Voltage detection circuit Available
Electrical Power supply voltage Vcc=4.2Vto 5.5V (f(BCLK) = 24 MHz) (M16C/28B)
Characteristics Vce =3.0Vto 5.5V (f(BCLK) = 20 MHz) (M16C/28, M16C/28B)
Vce=2.7Vto 5.5 V (f(BCLK) = 10 MHz) (M16C/28, M16C/28B)
Power consumption 23 mA (Vcc=5YV, f(BCLK) = 24 MHz) (M16C/28B)

16 mA (Vcc =5V, f(BCLK) = 20 MHz)

25 pA (f(Xcin) = 32 KHz on RAM)

3.0 pA (Vcec =3V, f(Xcin) = 32 KHz, in wait mode)
0.7 pA (Vcc =3V, in stop mode)

Flash Memory| Program/erase supply voltage | 2.7V to 5.5V

Program and erase endurance | 100 times (all space) or 1,000 times (Blocks 0 to 5)
/10,000 times (Block A, Block B(®)

Operating Ambient Temperature -20 to 85C°/-40 to 85C°(2)
Package 64-pin plastic mold LQFP
NOTES:

1. IEBus is a trademark of NEC Electronics Corporation.
2. Refer to Tables 1. 5to 1.7 Product Code for number of program/erase and operating ambient temperature.
3. PLL frequency synthesizer is required to use the M16C/28B at f(BCLK) = 24 MHz.

Rev. 2.00 Jan. 31,2007  Page 3 of 385 RENESAS
REJ09B0047-0200



M16C/28 Group (M16C/28, M16C/28B) 1. Overview
1.2 Block Diagram

Figure 1.1 is a block diagram of the M16C/28 Group, 80-pin and 85-pin packages.

Figure 1.2 is a block diagram of the M16C/28 Group, 64-pin package.

A8 A8 8 A8
) i ) Y v v |
/O Ports [PortPo] [PortPi]| [PortP2]| [ PortP3]
I'| Internal Peripheral Functions “sz

Timer (16 bits)

Qutput (Timer A) : 5
Input (Timer B) : 3

UART/clock synchronous SI/O
(8 bits x 3 channels)

3-phase PWM

Clock synchronous SI/O
(8 bits x 2 channels)

Timer S
Input capture/
( Output compare
Time measurement : 8 channels
Waveform generating : 8 channels

Multi-master 12C bus

System clock generator

XIN-XouT
XCIN-XcouT
On-chip oscillator
PLL frequency synthesizer

A
gy

A/D converter
(10 bits x 24 channels)

Watchdog timer
(15 bits)

DMAC
(2 channels)

M16C/60 Series CPU Core Memory
rRom®
ROH | ROL [ sB |
RIH [ RiL Usp
R2 2
m2 SP RAM
INTB
20 [ pc ]
AL PC
FB [ FLG | Multiplier

A
sy

A
LY

A
sy

Wd uod | lﬁl-lod | |—%1J0d | lﬁl-lod | @Mod l

NOTES:

1. ROM size depends on MCU type.
2. RAM size depends on MCU type.

Figure 1.1 M16C/28 Group Block Diagram (80-Pin Package and 85-Pin Package)
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M16C/28 Group (M16C/28, M16C/28B) 1. Overview
A4 A3 8 A4
Y Y Y
/0 Ports [PortP0| [PortPi] [PortP2] [ PortP3]
g
I'| " Internal Peripheral Functions % “PT:
o
Timer (16 bits) UART/Clock synchronous SI/O System clock generator :
Output (Timer A) : 5 (8 bits x 3 channels) XIN-XouT g
Input (Timer B) : 3 Clock synchronous SI/O XCIN-XCOUT S |-
3-ohase PWM (8 bits x 1 channel) On-chip oscillator 3 | ©
-phase 4
Multi-master 12C bus PLL frequency synthesizer L
Timer S o
( Input capture/ =
Output compare . i >
Time measurement : 8 channels M16C/60 Series CPU Core Memory 2 ©
| Waveform generating : 8 channels |
ROM®) —
ROH | Rl | SB | o
A/D converter R1H | RIL Usp o ko
(10 bits x 13 channels) R2 @ s g
R3 ISP RAM g IN
INTB L
Watchdog timer A0 —
(15 bits) AL I —— o |
EB Multiplier — |- |
DMAC o o
(2 channels) =
NOTES:
1. ROM size depends on MCU type.
2. RAM size depends on MCU type.

Figure 1.2 M16C/28 Group Block Diagram (64-Pin Package)
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M16C/28 Group (M16C/28, M16C/28B) 1. Overview

1.3 Product Information

Tables 1.3 and 1.4 list the M16C/28 Group product information and Figure 1.3 shows the product number-
ing system. The specifications are partially different between normal-ver.and T/ V-ver..

Table 1.3 M16C/28 Group Product List -Normal-ver. As of January, 2007
ROM RAM
Part Number Capacity Capacity Package Type Remarks | Product Code
M30280F6WG (N) 48K +4 K 4K
M30280F8WG (N) 64K+ 4K 4K PTLGO0085JB-A (85F0G)
M30280FAWG (N) 96 K+ 4K 8K
M30280F6HP (N) 48 K+ 4 K 4K
M30280F8HP (N) 64K+ 4K 4K
PLQPO080KB-A (80P6Q-A) Flash U3. U5 U7. U9
M30280FAHP (N) 96 K+ 4K 8K Memory , Uo, U/,
M30280FCHP (N) | 128K +4K 12K
M30281F6HP (N) 48K +4K 4K
M30281F8HP (N) 64 K+4K 4K
PLQP0064KB-A (64P6Q-A)
M30281FAHP (N) 96 K+4K 8K
M30281FCHP (N) 128 K+ 4 K 12K
M30280M8-XXXHP  (N) 64 K 4K
M30280MA-XXXHP (N) 96 K 8K PLQPO080KB-A (80P6Q-A)
M30280MC-XXXHP  (N) 128 K 12K Mask
ROM U3, U5
M30281M8-XXXHP  (N) 64 K 4K
M30281MA-XXXHP (N) 96 K 8K PLQPO064KB-A (64P6Q-A)
M30281MC-XXXHP (N) 128 K 12K
(N): New
Table 1.4 M16C/28B Group Product List -Normal-ver. As of January, 2007
ROM RAM
Part Number Capacity Capacity Package Type Remarks | Product Code
M30280FCBHP (D) 128 K+ 4 K 12 K PLQPO080KB-A (80P6Q-A) Elash U7
M30281FCBHP (D) 128 K+ 4 K 12 K PLQPO0064KB-A (64P6Q-A) | Memory
(D): Under development
Rev. 2.00 Jan. 31,2007  page 6 of 385 RENESAS
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M16C/28 Group (M16C/28, M16C/28B) 1. Overview

Part No. M3

o
[N
|co
o

—l_— Product code

Package type:
HP : Package PLQPO0O080KB-A(80P6Q-A)
PLQPO0064KB-A(64P6Q-A)
WG : Package PTLGO0085JB-A(85F0G)

Version
(no): M16C/28
B: M16C/28B

ROM capacity / RAM capacity (1):
(48K+4K) bytes / 4K bytes

(64K + 4K) bytes / 4K bytes

(96K + 4K) bytes / 8K bytes

: (128K + 4K) bytes / 12K bytes

oOroo

Memory type:
F : Flash memory version
M : Mask ROM version

Pin count
(The value itself has no specific meaning)

M16C/28 Group

M16C Family

NOTE:
1. "+4K bytes" is available only in flash memory ver..

Figure 1.3 Product Numbering System
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M16C/28 Group (M16C/28, M16C/28B)

1. Overview

Table 1.5 Product Code (Flash Memory Version) - M16C/28 Normal Version, 64-, 80-, and 85-Pin

Packages
Internal ROM Internal ROM
(Program Space: Blocks 0 to 5) (Data Space: Blocks A and B) ) )
Product Package Operating Ambient
Code Program and Temperature Program and Temperature Temperature
erase erase
range range
endurance endurance
UK] -40 to 85°C
100 100 0 to 60°C
us -20 to 85°C
Lead free 0 to 60°C
u7 -40 to 85°C -40 to 85°C
1,000 10,000
U9 -20 to 85°C -20 to 85°C
NOTE:

1. The lead contained products, D3, D5, D7 and D9, are put together with U3, U5, U7 and U9 respectively.
Lead-free (Sn-Ag-Cu plating) products can be mounted by both conventional Sn-Pb paste and Lead-
free paste.

Table 1.6 Product Code (Flash Memory-ver.) - M16C/28B Normal Version, 64- and 80-Pin Package

Internal ROM Internal ROM
(Program Space: Blocks 0 to 5) | (Data Space: Blocks A and B) . .
Product Package Operating Ambient
Code 9 Program Program Temperature Temperature
and erase | Temperature range | and erase range
endurance endurance 9
u7 Lead-free 1,000 0 to 60°C 10,000 -40 to 85°C -40 to 85°C

Table 1.7 Product Code (Mask ROM Version) - M16C/28 Normal Version

Product Package Operating Ambient
Code 9 Temperature
U3 -40 to 85°C
Lead-free
U5 -20 to 85°C
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M16C/28 Group (M16C/28, M16C/28B) 1. Overview

(1) Flash Memory Version, PTLG0085JB-A (85F0G), Normal-ver.

M30280FA Type No. M30280FAWG
B U5 Chip version and product code
XXX XXX B : Chip version.
The first edition is shown to be blank and continues with A, B, and C.
O U5: Product code. (See Table 1.5)

Date code seven digits
Manufacturing management code

(2) Flash Memory Version, PLQPO080KB-A (80P6Q-A), Normal-ver.

M16C
M30280FAHP |——— Type No. M30280FAHP
A U5 | Chip version and product code
XXXXXXX A : Chip version and product code®
The first edition is shown to be blank and continues with A, B and C.
O U5 : Product code. (Table 1.5)

Date code seven digits
Manufacturing management code

(3) Flash Memory Version, PLQP0064KB-A (64P6Q-A), Normal-ver.

30281 FA F——Type No. M30281FAHP
A US— Chip version and product code
A : Chip version and product code(l)
KAUXXXXX The first edition is shown to be blank and continues with A, B and C.
U5 : Product code. (Table 1.5)

Date code seven digits
Manufacturing management code

(4) Mask ROM Version, PLQP0080KB-A (80P6Q-A), Normal-ver.

M16C Type No. M30280MAHP
M30280MA- —I_
XXXHP A U5 = chip version and product code
XXXXXXX XXX : ROM No.
O A : Chip version and product code(l)

The first edition is shown to be blank and continues with A, B and C.
U5 : Product code. (Table 1.7)

Date code seven digits
Manufacturing management code

(5) Mask ROM Version, PLQP0064-KB-A (64P6Q-A), Normal-ver.

OO ] Date code seven digits

Manufacturing management code

M30281MA- —— Type No. M30281MAHP
XXXHP A UsF— Chip version and product code
O XXX: ROM No.

A : Chip version and product code(l)

The first edition is shown to be blank and continues with A, B and C.

U5 : Product code. (Table 1.7)
NOTES:

1. The following functinos are not available in the first version and version A products.
-Delay trigger mode 0 of A/D conversion
-Delay trigger mode 1 of A/D conversion

Figure 1.4 Marking Diagram-M16C/28 Group Normal-ver.
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M16C/28 Group (M16C/28, M16C/28B)

1. Overview

1.4 Pin Assignment

Figures 1.5 to 1.7 show the pin Assignments (top view).

NOTES:

10

A B C D F G H J K
© ®
POs P07 P11 P14 P21 P24 P27 P61 P31
ONONO,
POs P04 Plo P13 P20 P23 P26 P60 P30
© ©
P03 P02 P01 P12 (Vss)@ P22 P25 P62 P63
® ®
P00 P107 P106 P32 P33 P34
® ®

P10s P104 (Vss)@ P3s P36 P37

©,
@

o
it
o
=

o
[t
o
N

®
©)

<
)
m
n
o
=
o
S

>
<
o

I3}

o
©
Nt

®
©

e
©
>
el
©
@

©
©

P9s P92

O

P103

®© ©

AVss (Vss)@)

©

P91 RESET

©

P9 P87/XCIN

© O

CNVss  pgs/xcout

(Vss)@

P66

ONONONO,

P8s P82 P71

ONONONO

Vce P83 P8o
Vcee P84 P81

P64 P65

P67 P70
®

P72 P73
®

P74 P75
®

P76 P77

Package: PTLG0085JB-A(85F0G)

1. The numbers in each grid (circle) show the pin numbers of the M30280FAHP (PLQPO080KB-A (80P6Q-A))
2. Connect grids written as (Vss) to Vss(GND) or leave them open.
3. Set PACR2 to PACRO bits in the PACR register to "0112" before you input and output it after resetting to each pin.

When the PACR register is not set, the input and output function of some pins are disabled.

Figure 1.5 Pin Assignment (Top View) of 85-pin Package
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M16C/28 Group (M16C/28, M16C/28B)

1. Overview

Table 1.8 Pin Characteristics for 85-Pin Package

Zi; C(I)DI";;I‘O| Port Intle:.ri;upt Timer Pin | Timer S Pin UART Pin I\I/lL(jlltil;Tsa;tiir Analog Pin PLSE%%?ES'A
Al P95 CLK4 AN25 1
A2 P96 SouT4 AN26 80
A3 |AVcc 78
A4 |VREF 77
A5 P101 AN1 74
A6 P10s |Kl1 ANs 70
A7 POo ANOo 67
A8 P03 ANO3 64
A9 POs ANO5 62
Al0 P06 ANOs 61
B1 P92 TB2iN
B2 P93 AN24
B3 P97 SiNg AN27 79
B4 P100 ANo 76
B5 P102 AN2 73
B6 P104 |Klo AN4 71
B7 P107 |KI3 AN7 68
B8 P02 ANO2 65
B9 P04 ANO4 63
B10 P07 ANO7 60
Cl |CNVss
Cc2 P90 TBoIN
C3 P91 TB1IN
C4 |AVss 75
C5 P103 AN3 72
C6 |Vss® (11)
c7 P106 |Ki2 AN6 69
Cc8 P01 ANO1 66
C9 Plo AN20 59
Cc10 P11 AN21 58
D1 [Xcout Pee 8
D2 [XcIN P87 7
D3 |RESET 9
D4 |Vss®W (11)
D8 P12 AN22 57
D9 P13 AN23 56
D10 P14 55
E1 |Xourt 10
E2 |XIN 12
E3 |Vss 11
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M16C/28 Group (M16C/28, M16C/28B)

1. Overview

Table 1.8 Pin Characteristics for 85-Pin Package (continued)

Pin | Control Interrupt ) . ) . . Multi-master . PLQPO080KB-A

No. Pin Port Pin Timer Pin | Timer S Pin UART Pin 2C bus Pin Analog Pin Pin Number
E8 P15 |INT3 IDV ADTRG 54
E9 Ple |[INT4 IDW 53

E10 P17 |INTs IDU INPC17 52
F1|Vcc 13
F2|Vce 13
F3 P85 | NMI SD 14
F8|Vss® (11)

OUTClo/
F9 P20 INPC1o0 SDAMM 51
OUTC11/
F10 P21 INPC11 SCLmm 50
Gl P84 |INT2 ZP 15
G2 P83 |INT1 16
G3 P82 |INTo 17
OUTC12/

G8 P22 INPC12 49
OUTC13/

G9 P23 INPC13 48
OUTC14/
G10 P24 INPC14 47
H1 P81 TAaN /U 18
H2 P8o TA40uT /U 19
H3 P71 TAOIN RxD2 / SCL2 / CLK1 26
H4 P66 RxD1 29
H5|Vss® (11)
H6 P3s 34
H7 P32 SouT3 37
OUTC1s/

H8 P25 INPC15 46
OUTC1ls/

H9 P26 INPC1le 45
OUTC17/

H10 P27 INPC17 44
J1 P76 TA30UT 21
J2 P74 TA20uT / W 23
J3 P72 TA1ouT/V CLK2 / RxD1 25
J4 P67 TxD1 28

RTS1/CTS1/ CTSo /
J5 P64 CLKS1 31
J6 P36 33
J7 P33 36
J8 P62 RxDo 41
J9 P60 RTSo/ CTSo 43

J10 P61 CLKo 42
K1 P77 TA3IN 20
K2 P7s TA2IN | W 22
K3 P73 TALN/ V. CTS2/RTS2/ TXD1 24

TxD2/ SDA2/ RTS1/
K4 P70 TAoouT CTS1/CTSo/ CLKS1 27
K5 P65 CLK1 30
K6 P37 32
K7 P34 35
K8 P63 TxDo 40
K9 P3o CLK3 39
K10 P31 SIN3 38
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M16C/28 Group (M16C/28, M16C/28B)

1. Overview

PO6/ANOs
POs/ANQs ~5
P04/ANOs ~3—
P03/ANO3 ~a——
P02/ANO2 ~a3=
PO1/ANO1 ~*
PO0o/ANOo
P107/AN7/KI3
P106/AN6/KI2
P10s/ANs/KI1
P104/ANa/Klo
P103/AN3
P102/AN2
P101/AN1
AVss
P100/AN0 3=
VREF —

AvVce —
P97/AN27/SIN4 ~a—
P96/AN26/SOUT4 ~a—-

-
-

NOTES:

are disabled.
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M16C/28 Group
(M16C/28, M16C/28B)

PLQPO080KB-A (80P6Q-A)
(Top View)

O

Bl BIRIE B RRIR R EB Bl E R BlR1E

O

JE ] <> P62/RxDo

[40]
a
2]
=]
3]
&8
[34]
=]
2]
=
50]
2]
2]
&
2]
=]
[ 24]
2]
2]
1]

&
&

P82/INTo < [ |
E]

P80/TA40UT/U <o [5 |

]

Xour<-— B}
E]

P81/TA4IN/U <=

Vss— E
Xin—s [5]
Vee— [B]

P83/INT1 <t

CNvss —» [2]
P87/XCiN <t [~
P86/XCOUT <t [ ]

RESET —#

P85/NMI/SD <=

P84/INT2/ZP a3

POI/AN2s <o [ ]
pPooTB2N < [ ]
poyTBIN <+ ]
P90/TBOIN ~ o]

POs/AN25/CLKs a2 ]

1.Set PACR2 to PACRO bit in the PACR register to "0112" before you
input and output it after resetting to each pin. When the PACR
register isn't set up, the input and output function of some of the pins

P77ITA3N<e— B

~& PG63/TxDo

~& P30/CLK3

~&» P31/SIN3

~& P3/SOUT3

~> p33

~» p3y

~> p3s5

> p3g

~» p37

~* PG4/CTS1/RTS1/CTSO/CLKSL
~& pg5/CLKL

~&% pge/RxD1

~&> pG7/TxD1

~= P70/TXD2/SDA2/TAOOUT/CTSI/RTS1/CTS0/CLKS1
~*% p71/RXD2/SCL2/TAOIN/CLK1
~&% p73/CLK2/TAlouT/V/RXD1
~&» p73/CTS2/RTS2/TALNV/TXD1
~ P74 TA20UTIW

~> P75 TA2INW

~&» P76/TA30UT

Figure 1.6 Pin Assignment (Top View) of 80-Pin Package
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M16C/28 Group (M16C/28, M16C/28B)

1. Overview

Table 1.9 Pin Characteristics for 80-Pin Package

Eic: C?::::OI Port Intgrirnupt Timer Pin Timer S Pin UART Pin '\Iﬂzléltik;[?sa:ir Analog Pin
1 P9s CLKa4 AN25
2 P93 AN24
3 P92 TB2IN
4 P91 TB1IN
5 P9o TBoIN
6 |[CNVss
7 |XCIN P87
8 | Xcout P86
9 |RESET
10 [Xout
11 |Vss
12 [ XiN
13 |Vcc
14 P85 [NMI SD
15 P84 [INT2 ZP
16 P83 |INT1
17 P82 |(INTo
18 P81 TA4N /U
19 P80 TA40uT / U
20 P77 TA3IN
21 P76 TA30uT
22 P75 TA2IN /W
23 P74 TA20uUT / W
24 P73 TAUN/V CTS2/RTS2 / TxD1
25 P72 TA10UT/ V CLK2 / RxD1
26 P71 TAOIN RxD2 / SCL2 / CLK1

TxD2 / SDA2/ RTS1/

27 P70 TAoouT CTS1/CTSo/ CLKS1
28 P67 TxD1
29 P66 RxD1
30 P65 CLK1

RTS1/CTS1/ CTSo/

31 P64 CLKS1
32 P37
33 P36
34 P3s
35 P34
36 P33
37 P32 SouTs
38 P31 SIN3
39 P30 CLK3
40 P63 TxDo
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M16C/28 Group (M16C/28, M16C/28B)

1. Overview

Table 1.9 Pin Characteristics for 80-Pin Package (continued)

Elic?. Cc;)ni:]rol Port Intgri:]upt Timer Pin Timer S Pin UART Pin hﬂgttﬂqsa;tiir Analog Pin
41 P62 RxDo
42 P61 CLKo
43 P60 RTSo/ CTSo
44 P27 OUTC17/ INPC17
45 P26 OUTC16/ INPC16
46 P25 OUTC15/ INPC1s
47 P24 OUTC14/ INPC14
48 P23 OUTC13/ INPC13
49 P22 OUTC12/ INPC12
50 P21 OUTC11/ INPC11 SCLmM
51 P20 OUTC1o/ INPClo SDAMM
52 P17 |[INTs IDU INPC17
53 Ple |INTa IDW
54 P15 |INTs3 IDV ‘ADTRG
55 P14
56 P13 AN23
57 P12 AN22
58 P11 AN21
59 Plo AN20
60 PO7 ANO7
61 PO0s ANOs6
62 POs ANOs5
63 P04 ANO4
64 P03 ANO3
65 P02 ANO2
66 P01 ANO1
67 P00 ANOo
68 P107 |KI3 AN7
69 P106 |KI2 AN6
70 P10s5 |Ki1 ANs
71 P104 |Klo ANa
72 P103 AN3
73 P102 AN2
74 P101 AN1
75| AVss
76 P100 ANo
77 | VREF
78| AVcc
79 P97 SiNg AN27
80 P9s SouT4 AN26
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M16C/28 Group (M16C/28, M16C/28B)

1. Overview

PO2/ANO2 +—> [ 49 |
PO/ANOL +—> [ 50
PO0/ANOo +—* [ 51 |
P107/AN7/KIs +—> 52 |
P106/ANes/KI2 > [ 53
P10s/ANs/Kl1+—> [ 54 |
P104/ANa/Klo +— 55 |
P103/AN3 +—> 56 |
P102/AN2 +— [ 57 |
P101/AN1 +— [ 58 |
AVss —»| 59
P100/ANo +—>[ 60
VREF —»| 61

AVce —>|E
P9s/AN24 +—>[ 63
P92/TB2IN +—>[ 64
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NOTES:

O

M16C/28 Group
(M16C/28, M16C/28B)

PLQPO0064KB-A (64P6Q-A)
(Top View)

O

\

P91/TB1IN «—» | 1
P9o/TBOIN +—> z

[13]

P82/INTo ¥ (14
[1s ]

L6 |

Xout +— E

[11]

> [12]
P80/TA4ouT/U IE

P81/TA4IN/U —

Vss—* Iz
xn—> [o |
Ve —» IE

P83/INTL €

CNVss —> IZ

P87/Xcin ¢+ | 4
P8e/XCcouT +—» E

RESET—*

P84/INT2/ZP

P85/NMI/SD4+—>

1.Set PACR2 to PACRO bit in the PACR register to "0102" before you
input and output it after resetting to each pin. When the PACR
register isn't set up, the input and output function of some of the pins

are disabled.

[32] «—>
[31] «—>

21 | «—»
20| «—»

19| «—>»
18| +—»

P30/CLK3

P31/SIN3

P32/Souts

P33
P64/CTSURTSI/CTSO/CLKS1
P6s/CLK1

P66/RxD1

P67/TxD1
P70/TxD2/SDA2/TAOOUT/RTS1/CTS1/CTSO/CLKS1
P71/RxD2/SCL2/TAOIN/CLK1
P72/CLK2/TAlouT/VIRXD1
P73ICTSz/RTSz/TAl|N/V/TxD1
P74/TA20uT/W

P75ITA2IN/W

P76/TA3ouT

E' > P77TA3N

Figure 1.7 Pin Assignment (Top View) of 64-Pin Package
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M16C/28 Group (M16C/28, M16C/28B)

1. Overview

Table 1.10 Pin Characteristics for 64-Pin Package

E'; Ccl):?i;rol Port Intt;riaupt Timer Pin Timer S Pin UART Pin '}fg’%’:}g?ﬁr Analog Pin
1 P91 TA1IN

2 P9o TBoIN

3 |CNVss

4 | XcIN P87

5 |Xcout P86

6 |RESET

7 |Xout

8 |Vss

9 |XIN

10 |Vce

11 P85 |NMI SD

12 P84 |[INT2 zP

13 P83 |[INT1

14 P82 |INTo

15 P81 TA4N /U

16 P8o TA4ouT / U

17 P77 TA3IN

18 P76 TA30UT

19 P75 TA2N /| W

20 P74 TA20uT / W

21 P73 TAIN/V 'CTS2 / RTS2 / TxD1
22 P72 TAwouT/V CLK2 / RxD1

23 P71 TAOIN RxD2 / SCL2 / CLK1

TxD2/ SDA2 / RTS1/

24 P70 TAoouT CTS1/CTSo/ CLKS1
25 P67 TxD1

26 P66 RxD1

27 P65 CLK1

RTS1/CTS1/ CTSo/

28 P64 CLKS1

29 P33

30 P32 SouTs

31 P31 SIN3

32 P30 CLK3

33 P63 TxDo

34 P62 RxDo

35 P61 CLKo

36 P60 RTS0 / CTSo

37 P27 OUTC17/INPC17

38 P26 OUTC16 / INPC1le

39 P2s OUTC1s/ INPC1s

40 P24 OUTC14 / INPC14
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M16C/28 Group (M16C/28, M16C/28B)

1. Overview

Table 1.10 Pin Characteristics for 64-Pin Package (continued)

Ei; Ccl)jr::]rol Port IntleDri:]upt Timer Pin Timer S Pin UART Pin hﬂgttg]sa;tiir Analog Pin
41 P23 OUTC13/ INPC13
42 P22 OUTC12/ INPC12
43 P21 OUTC11/ INPC11 SCLMmM
44 P20 OUTC1o/INPClo SDAMM
45 P17 [INTs IDU INPC17
46 Pls |INT4 IDW
47 P15 [INT3 IDV ADTRG
48 P03 ANO3
49 P02 ANO2
50 PO1 ANO1
51 P00 ANOo
52 P107 |KI3 AN7
53 P106 |KI2 ANs
54 P105 |Kl1 ANs
55 P104 |Klo AN4
56 P103 AN3
57 P102 AN2
58 P101 AN1
59| AVss
60 P100 ANo
61| VREF
62| AVcc
63 P93 AN24
64 P92 TB2IN
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M16C/28 Group (M16C/28, M16C/28B) 1. Overview

1.5 Pin Description
Table 1.11 Pin Description (64-pin, 80-pin and 85-pin packages)

Classification Symbol 1/10 Type Function
Power Supply | Vcc, Vss | Apply 2.7 to 5.5V to the Vcc pin. Apply OV to the Vss pin.
Analog Power | AvVcc | Supplies power to the A/D converter. Connect the AVcc pin to Vcc and
Supply AVss the AVss pin to Vss.
Reset Input RESET I The microcomputer is in a reset state when "L" is applied to the RESET pin
CNVss CNVss | Connect the CNVss pin to Vss.
Main Clock XIN I 1/0 pins for the main clock oscillation circuit. Connect a ceramic resonator
Input or crystal oscillator between XiN and XouT. To apply external clock, apply
Main Clock XOUT o it to XIN and leave XouT open. If XIN is not used (for external oscillator or
Output external clock) connect XIN pin to Vcc and leave XouT open.
Sub Clock Input | XCIN | 1/0 pins for the sub clock oscillation circuit. Connect a crystal oscillator
Sub Clock Output | XcouTt (0] between XcIN and XcourT.
INT Interrupt | INTO to INTS I Input pins for the INT interrupt. INT2 can be used for Timer A Z-phase
Input function.
NMI Interrupt | NMI | Input pin for the NMI interrupt. NMI cannot be used as /O port while the three-
Input phase motor control is enabled. Apply a stable "H" to NMI after setting it's
direction register to "0" when the three-phase motor control is enabled.
Key Input Interrupt| Kio to KI3 I Input pins for the key input interrupt
Timer A TAOOUT to 110 1/0 pins for the timer AO to A4
TA4ouTt
TAOIN to | Input pins for the timer AO to A4
TA4IN
ZP | Input pin for Z-phase
Timer B TBOIN to | Input pins for the timer BO to B2
TB2IN
Three-phase | U, U, V,V, (0] Output pins for the three-phase motor control timer
Motor Control | W, W
Timer Output | IDU, IDW, 110 Input and output pins for the three-phase motor control timer
IDV, SD
Serial 1/0 CTS0to CTS2 I Input pins for data transmission control
RTSO0 to RTS2 o] Output pins for data reception control
CLKO to CLK3 110 Inputs and outputs the transfer clock
RxDO0 to RxD2 | Inputs serial data
TxDO0 to TxD2 (0] Outputs serial data
CLKS1 (0] Output pin for transfer clock
12C bus Mode | SDA2 110 Inputs and outputs serial data
SCL2 Inputs and outputs the transfer clock
Multi-master | SDAMM 110 Inputs and outputs serial data
12C bus SCLMM Inputs and outputs the transfer clock
Reference VREF | Applies reference voltage to the A/D converter
Voltage Input
A/D Converter | ANo to AN7 | Analog input pins for the A/D converter
ANOo to ANO3
AN24
ADTRG Input pin for an external A/D trigger

I Input O : Output I/O : Input and output
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M16C/28 Group (M16C/28, M16C/28B) 1. Overview

Table 1.11 Pin Description (64-pin, 80-pin and 85-pin packages) (Continued)

Classification Symbol 1/10 Type Function
Timer S INPC10 to INPC17 | Input pins for the time measurement function
OUTCloto OUTCL7 o Output pins for the waveform generating function
1/0 Ports POo to P03 I/O CMOS 1/O ports which have a direction register determines an individual
P15 to P17 pin is used as an input port or an output port. A pull-up resistor is select-
P20 to P27 able for every 4 input ports.
P30 to P33
P60 to P67
P70 to P77
P80 to P87
P9o to P93
P100 to P107

[ Input O : Output I/O : Input and output
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M16C/28 Group (M16C/28, M16C/28B)

1. Overview

Table 1.11 Pin Description (80-pin and 85-pin packages only) (Continued)

Classification Symbol I/0 Type Function

Serial I/0 CLK4 110 Inputs and outputs the transfer clock
SIN4 | Inputs serial data
SouTt4 o Outputs serial data

A/D Converter | ANO4 to ANO7 | Analog input pins for the A/D converter
AN20 to AN23
AN2s to AN27

1/0 Ports P04 to PO7 110 CMOS 1/0O ports which have a direction register determines an individual
Ploto P14 pin is used as an input port or an output port. A pull-up resistor is select-
P34 to P37 able for every 4 input ports.
P95 to P97

| : Input O : Output I/0O : Input and output
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M16C/28 Group (M16C/28, M16C/28B)

2. Central Processing Unit(CPU)

2. Central Processing Unit (CPU)

Figure 2.1 shows the CPU registers. The register bank is comprised of 7 registers (RO, R1, R2, R3, AQ, Al
and FB) out of 13 CPU registers. Two sets of register banks are provided.

b8 b7

bo

] R2 ROH(RO's high bits) | ROL(RO's low bits) |]
i R3 RIH(RL's high bits) | RIL(RL's low bits) || BN )]
e 1 Data registers
R2
R3
AO
Al Address registers @
FB Frame base registers @
I
b19 b15 b0
[ INTBH | INTBL Interrupt table register
The upper 4 bits of INTB are INTBH and
the lower 16 bits of INTB are INTBL.
b19 b0
PC Program counter
b15 b0
UsS P User stack pointer
ISP Interrupt stack pointer
SB Static base register
b15 b0
| FLG | Flag register
- I
b1s __---"" b8 b7 bo_!
IPL
LIPL [ T[] [ufrlBlsfzlple]
I— Carry flag
Debug flag
Zero flag
Sign flag

Register bank select flag

Overflow flag

Interrupt enable flag

Stack pointer select flag

Reserved space

Processor interrupt priority level

Reserved space

NOTES:

1. The register bank is comprised of these registers. Two sets of register banks are provided.

Figure 2.1 Central Processing Unit Regis

ter

2.1 Data Registers (RO, R1, R2 and R3)
The RO, R1, R2 and R3 registers are 16 bit registers for transfer and arithmetic/logic operations.
The RO and R1 registers can be split into high-order bits(ROH, R1H) and low-order bits (ROL, R1L) to be
used seperately as 8-bit data registers. Conversely, R2 and RO can be combined with R2 to be used as a

32-bit data register (R2R0). The same appli
2.2 Address Registers (A0 and

es to R1 and R2.
Al)

The register AO consists of 16 bits, and is used for address register indirect addressing and address register
relative addressing. They also are used for transfers and arithmetic/logic operations. Al is the same as AO.
In some instructions, registers A1 and AO can be combined for use as a 32-bit address register (A1AQ).
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M16C/28 Group (M16C/28, M16C/28B) 2. Central Processing Unit(CPU)

2.3 Frame Base Register (FB)

FB is configured with 16 bits, and is used for FB relative addressing.
2.4 Interrupt Table Register (INTB)

INTB is configured with 20 bits, indicating the start address of an interrupt vector table.
2.5 Program Counter (PC)

PC is configured with 20 bits, indicating the address of an instruction to be executed.
2.6 User Stack Pointer (USP) and Interrupt Stack Pointer (ISP)

Stack pointer (SP) comes in two types: USP and ISP, each configured with 16 bits.
Your desired type of stack pointer (USP or ISP) can be selected by the U flag of FLG.

2.7 Static Base Register (SB)

SB is configured with 16 bits, and is used for SB relative addressing.

2.8 Flag Register (FLG)
FLG consists of 11 bits, indicating the CPU status.

2.8.1 Carry Flag (C Flag)

This flag retains a carry, borrow, or shift-out bit that has occurred in the arithmetic/logic unit.
2.8.2 Debug Flag (D Flag)

The D flag is used exclusively for debugging purpose. During normal use, it must be set to “0”.
2.8.3 Zero Flag (Z Flag)

This flag is set to “1” when an arithmetic operation resulted in 0; otherwise, it is “0”.
2.8.4 Sign Flag (S Flag)

This flag is set to “1” when an arithmetic operation resulted in a negative value; otherwise, it is “0”.
2.8.5 Register Bank Select Flag (B Flag)

Register bank 0 is selected when this flag is “0” ; register bank 1 is selected when this flag is “1".
2.8.6 Overflow Flag (O Flag)

This flag is set to “1” when the operation resulted in an overflow; otherwise, it is “0".
2.8.7 Interrupt Enable Flag (I Flag)

This flag enables a maskable interrupt.
Maskable interrupts are disabled when the | flag is “0”, and are enabled when the | flag is “1”. The | flag
is cleared to “0” when the interrupt request is accepted.

2.8.8 Stack Pointer Select Flag (U Flag)
ISP is selected when the U flag is “0”; USP is selected when the U flag is “1".

The U flag is cleared to “0” when a hardware interrupt request is accepted or an INT instruction for
software interrupt Nos. 0 to 31 is executed.

2.8.9 Processor Interrupt Priority Level (IPL)
IPL is configured with three bits, for specification of up to eight processor interrupt priority levels from level

0 to level 7.
If a requested interrupt has priority greater than IPL, the interrupt is enabled.

2.8.10 Reserved Area

When write to this bit, write "0". When read, its content is undefined.
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M16C/28 Group (M16C/28, M16C/28B)

3. Memory

Figure 3.1 is a memory map of the M16C/28 Group. M16C/28 Group provides 1-Mbyte address space from
addresses 0000016 to FFFFF16. The internal ROM is allocated lower addresses beginning with address
FFFFF16. For example, 64 Kbytes internal ROM is allocated addresses FO00016 to FFFFF16.

Two 2-Kbyte internal ROM areas, block A and block B, are available in the flash memory version. The
blocks are allocated addresses FO0016 to FFFF16.

The fixed interrupt vector tables are allocated addresses FFFDC16 to FFFFF16. It stores the starting ad-
dress of each interrupt routine. See the section on interrupts for details.

The internal RAM is allocated higher addresses beginning with address 0040016. For example, 4-Kbytes
internal RAM is allocated addresses 0040016 to 013FF16. Besides storing data, it becomes stacks when the
subroutine is called or an interrupt is acknowledged.

SFR, consisting of control registers for peripheral functions such as 1/0 port, A/D converter, serial 1/O,
timers is allocated addresses 0000016 to 003FF16. All blank spaces within SFR are reserved and cannot be
accessed by users.

The special page vector table is allocated to the addresses FFEOO016 to FFFDB16. This vector is used by the
JMPS or JSRS instruction. For details, refer to the M16C/60 and M16C/20 Series Software Manual.

Internal RAM area Internal ROM area
Memory size XXXXX16 | Memory size YYYYY16
4K bytes 013FF16 48K bytes F400016
6K bytes 01AFF16 64K bytes F000016
0000016
8K bytes 023FF16 96K bytes E800016
SFR Area 12K bytes 033FF16 128K bytes E000016
0040016
Internal RAM Area
, FFE0016
XXXXX16 )
1
RESERVED !
' Special Page
0F00016
Internal ROM Area :’ Vector Table
(data space)” !
OFFFF16 '
!
1
/. FFFDCIs E Gidicfined insiruction 3
RESERVED / Overflow
,' F  BRKInstruction 3
I E  Address Match 3
J E Single Step 3
YYYYYi6 Il £ Watchdog Timer E
Internal ROM Area ,' E IE =
(program space) E NMI 3
FFFFFe | | . FFFFF16 E Reset 3
NOTES:

1. The block A (2K bytes) and block B (2K bytes) are shown (only flash memory).
2. Do not write to the internal ROM area in Mask ROM ver..

Figure 3.1 Memory Map
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M16C/28 Group (M16C/28, M16C/28B) 4. Special Function Register (SFR)

4. Special Function Register (SFR)

SFR (Special Function Register) is the control register of peripheral functions. Tables 4.1 to 4.7 list the SFR

information.
Table 4.1 SFR Information(1)®
Address| Register Symbol After Reset
000016
000116
000216
000316
000416 | Processor mode register 0 PMO 0016
000516 | Processor mode register 1 PM1 000010002
oooé1s | System clock control register 0 CMO 010010002
000716 | System clock control register 1 CM1 001000002
000816
000916 | Address match interrupt enable register AIER XXXXXX002
000A1s | Protect register PRCR XX0000002
000B16
000Ci6 | Qscillation stop detection register @ CM2 0X0000102
000D16
000Es | Watchdog timer start register WDTS XX16
000F16 | Watchdog timer control register WDC O0XXXXXX2
001016 | Address match interrupt register 0 RMADO 0016
001116 0016
001216 X016
001316
oo1416 | Address match interrupt register 1 RMAD1 0016
001516 0016
001616 X016
001716
001816
001915 | Voltage detection register 1 ® VCR1 000010002
001A1s | Voltage detection register 2 3 VCR2 0016
001B16
001Ci6 | PLL control register O PLCO 0001X0102
001D16
001E16 | Processor mode register 2 PM2 XXX000002
001F16 | | ow voltage detection interrupt register DAINT 0016
002016 | DMAO source pointer SARO XX16
002116 XX16
002216 XX16
002316
002416 | DMAO destination pointer DARO XX16
002516 XX16
002616 XX16
002716
002816 | DMAO transfer counter TCRO XX16
002916 XX16
002A16
002B16
002C16 | DMAOQ control register DMOCON 00000X002
002D16
002E16
002F16
003016 | DMA1 source pointer SAR1 XX16
003116 XX16
003216 XX16
003316
003416 | DMA1 destination pointer DAR1 XX16
003516 XX16
003616 XX16
003716
003816 | DMA1 transfer counter TCR1 XX16
003916 XX16
003A16
003B16
003C16| DMAL control register DM1CON 00000X002
003D16
003E16
003F16
NOTES:

1.The blank spaces are reserved. No access is allowed.
2. The CM20, CM21, and CM27 bits do not change at oscillation stop detection reset.
3. This register does not change at software reset, watchdog timer reset and oscillation stop detection reset.

X i Indeterminate
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M16C/28 Group (M16C/28, M16C/28B) 4. Special Function Register (SFR)

Table 4.2 SFR Information(2)(®

Address Register Symbol After Reset
004016
004116
004216
004316
004416 | |INT3 interrupt control register INT3IC XX00X0002
004516 IC/OC 0 interrupt control register ICOCoIC XXXXX0002
004616 IC/OC 1 interrupt control register, 12C bus interface interrupt control register | ICOCIIC, IICIC XXXXX0002
004716 IC/OC base timer interrupt control register, SCLSDA interrupt control register| BTIC, SCLDAIC XXXXX0002
004816 | SI/O4 interrupt control register, INTS interrupt control register S4IC, INTSIC XX00X0002
004916 | SI/O3 interrupt control register, INT4 interrupt control register S3IC, INT4IC XX00X0002
004A16 | UART?2 Bus collision detection interrupt control register BCNIC XXXXX0002
004B1s | DMAQ interrupt control register DMOIC XXXXX0002
004C16 | DMALI interrupt control register DM1IC XXXXX0002
004D1s | Key input interrupt control register KUPIC XXXXX0002
004E16 | A/D conversion interrupt control register ADIC XXXXX0002
004F16 UART?2 transmit interrupt control register S2TIC XXXXX0002
005016 | UART?2 receive interrupt control register S2RIC XXXXX0002
005116 UARTO transmit interrupt control register SOTIC XXXXX0002
005216 | UARTO receive interrupt control register SORIC XXXXX0002
005316 UART1 transmit interrupt control register S1TIC XXXXX0002
005416 UART1 receive interrupt control register S1RIC XXXXX0002
005516 | Timer AQ interrupt control register TAOIC XXXXX0002
005616 | Timer Al interrupt control register TA1IC XXXXX0002
005716 | Timer A2 interrupt control register TA2IC XXXXX0002
005816 | Timer A3 interrupt control register TA3IC XXXXX0002
005916 | Timer A4 interrupt control register TA4IC XXXXX0002
005A16 | Timer BO interrupt control register TBOIC XXXXX0002
005B16 | Timer B1 interrupt control register TB1IC XXXXX0002
005C16 | Timer B2 interrupt control register TB2IC XXXXX0002
005D1s | INTO interrupt control register INTOIC XX00X0002
005E1s | [NTL1 interrupt control register INT1IC XX00X0002
005F16 | INT2 interrupt control register INT2IC XX00X0002
006016
006116
006216
006316
006416
006516
006616
006716
006816
006916
006A16
006B16
006C16
006D16
006E16
006F16
007016
007116
007216
007316
007416
007516
007616
007716
007816
007916
007A16
007B16
007C16
007D16
007E16
007F16

Note 1: The blank spaces are reserved. No access is allowed.

X : Indeterminate
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M16C/28 Group (M16C/28, M16C/28B)

4. Special Function Register (SFR)

Table 4.3 SFR Information(3)®

IAddress

Register

Symbol

After Reset

~
~

1

01B016

01B1l1e

01B216

01B316

Flash memory control register 4 @

FMR4

010000002

01B416

01B516

Flash memory control register 1 @

EMR1

000XXX0X2

01B616

01B716

Flash memory control register 0 @

FMRO

000000012

01B816

01B916

i

021016

Low-power Consumption Control 0

LPCCO

X00000012

021116

021216

021316

021416

021516

021616

021716

021816

021916

i

025016

025116

025216

025316

025416

025516

025616

025716

025816

025916

025A16

025B16

025C16

On-chip oscillator control register

ROCR

X00001012

025D16

Pin assignment control register

PACR

0016

025E16

Peripheral clock select reqister

PCLKR

000000112

025F16

Low-power Consumption Control 1

LPCC1

0016

02E016

12C0 data shift register

S00

XX16

02E1l16

02E216

[2C0 address register

S0DO

0016

02E316

I2CO control register 0

S1D0

0016

02E416

12C0 clock control register

S20

0016

02E516

I2C0 start/stop condition control register

S2D0

000110102

02E616

12C0 control register 1

S3D0

001100002

02E716

12C0 control register 2

S4D0

0016

02E816

I2CO status register

S10

0001000X2

02E916

02EA16

)
[§

i

02FE16

02FF16

Note 1:The blank spaces are reserved. No access is allowed.
Note 2:This register is included in the flash memory version.

X : Indeterminate

Rev. 2.00 Jan. 31, 2007 page 27 of 385
REJ09B0047-0200

RENESAS



M16C/28 Group (M16C/28, M16C/28B) 4. Special Function Register (SFR)

Table 4.4 SFR Information(4)®)

Address Register Symbol After Reset

03001 | TM, WG register 0 G1TMO, G1POO XX16

030116 XX16

030216 | TM, WG register 1 G1TM1, G1PO1 XX16

030316 XX16

030416 | TM, WG register 2 G1TM2, G1PO2 XX16

030516 XX16

030616 | TM, WG register 3 G1TM3, G1PO3 XX16

030716 XX16

030816 | TM, WG register 4 G1Tv4, G1PO4 XX16

030916 XX16

030A1s | TM, WG register 5 G1TM5, G1PO5 XX16

030B16 XX16

030Ci6 | TM, WG register 6 G1TM6, G1PO6 XX16

030D16 XX16

030Ew, | TM, WG register 7 G1TM7,G1PO7 XX16

030F16 XX16

031016 WG control register 0 G1POCRO 0X00XX002
031116 | WG control register 1 G1POCR1 0X00XX002
031216 | WG control register 2 G1POCR2 0X00XX002
031316 | WG control register 3 G1POCR3 0X00XX002
031416 | WG control register 4 G1POCR4 0X00XX002
031516 | WG control register 5 G1POCR5 0X00XX002
031616 | WG control register 6 G1POCR6 0X00XX002
031716 WG control register 7 G1POCRY 0X00XX002
031816 | TM control register Q G1TMCRO 0016

031916 TM control register 1 G1TMCR1 0016

031A16 | TM control register 2 G1TMCR2 0016

031B1s | TM control register 3 G1TMCRS 0016

031C16 | TM control register 4 G1TMCR4 0016

031D1s | TM control register 5 G1TMCR5 0016

031E1s | TM control register 6 G1TMCR6 0016

031F16 | TM control register 7 G1TMCR? 0016

032016 | Base timer register G1BT XX16

032116 XX16

032216 | _Base timer control register 0 G1BCRO 0016

032316 | Base timer control register 1 G1BCR1 0016

032416 | TM prescale register 6 G1TPR6 0016

032516 | TM prescale register 7 G1TPRY 0016

032616 | Function enable register G1FE 0016

032716 | Function select register G1FS 0016

032816 | Base timer reset register G1BTRR XX16

032916 XX16

032a15 | Divider register G1DV 0016

032B16

032C16

032D16

032E16

032F16

033016 | _Interrupt request register G1IR XX16

033116 | _Interrupt enable register 0 G1IEO 0016

033216 | _Interrupt enable register 1 G1IE1 0016

033316

033416

033516

033616

033716

033816

033916

033A16

033B16

033C16

033D16

033e1s | NMI digital debounce register NDDR FF16

033Fs | P17 digital debounce register P17DDR FF16

Note 1:The blank spaces are reserved. No access is allowed.

X: Indeterminate
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M16C/28 Group (M16C/28, M16C/28B) 4. Special Function Register (SFR)

Table 4.5 SFR Information(5)®)

Address Register Symbol After Reset
034016
034116
034216 | Timer Al-1 register TA1l XX16
034316 XX16
034416 | Timer A2-1 register TA21 XX16
034516 XX16
034616 | Timer A4-1 register TA41 XX16
034716 XX16
034815 | Three-phase PWM control register 0 INVCO 0016
034916 | Three-phase PWM control register 1 INVC1 0016
034A16 | Three-phase output buffer register 0 IDBO 001111112
034B1s | Three-phase output buffer register 1 IDB1 001111112
034C16 | Dead time timer DTT XX16
034D1s | Timer B2 interrupt occurrence frequency set counter ICTB2 XX16
034E16 | Position-data-retain function control register PDRF XXXX00002
034F16
035016
035116
035216
035316
035416
035516
035616
035716
035816
035916
035A16
035B16
035C16
035D16
035E16 | Interrupt request cause select register 2 IFSR2A 00XXXXX02@
035F16 | Interrupt request cause select register IFSR 0016
036016 | SI/O3 transmit/receive register S3TRR XX16
036116
036216 | SI/O3 control register S3C 010000002
036316 | SI/O3 bit rate generator S3BRG XX16
036416 | SI1/O4 transmit/receive register S4TRR XX16
036516
036616 | SI/O4 control register S4C 010000002
036716 | SI/O4 bit rate generator S4BRG XX16
036816
036916
036A16
036B16
036C16
036D16
036E16
036F16
037016
037116
037216
037316
037416 | UART2 special mode register 4 U2SMR4 0016
037516 | UART2 special mode register 3 U2SMR3 000X0X0X2
037616 | UART2 special mode register 2 U2SMR2 X00000002
037716 | UART2 special mode register U2SMR X00000002
037816 | UART?2 transmit/receive mode register U2MR 0016
037916 | UART2 bit rate generator U2BRG XX16
037A16 | UART2 transmit buffer register Uz2TB XX16
037B16 XX16
037C16 | UART2 transmit/receive control register 0 U2Cco 000010002
037D1s | UART2 transmit/receive control register 1 U2C1 000000102
037e16 | UART2 receive buffer register U2RB XX16
037F16 XX16

Note 1: The blank spaces are reserved. No access is allowed.
Note 2: Write "1" to bit O after reset.

X : Indeterminate
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M16C/28 Group (M16C/28, M16C/28B)

4. Special Function Register (SFR)

Table 4.6 SFR Information(6)(1)

IAddress Register Symbol After Reset
038016 | Count start flag TABSR 0016
038116 | Clock prescaler reset flag CPSRF OXXXXXXX2
038216 | One-shot start flag ONSF 0016
038316 | Trigger select register TRGSR 0016
038416 | Up-down flag UDF 0016
038516
038616 | Timer AO register TAO XX16
038716 XX16
038816 | Timer Al register TA1 XX16
038916 XX16
038A16 | Timer A2 register TA2 XX16
038B16 XX16
038cis | Timer A3 register TA3 XX16
038D16 XX16
038E1s | Timer A4 register TA4 XX16
038F16 XX16
039016 | Timer BO register TBO XX16
039116 XX16
039216 | Timer B1 register TB1 XX16
039316 XX16
039416 | Timer B2 register B2 XX16
039516 XX16
039616 | Timer AO mode register TAOMR 0016
039716 | Timer A1l mode register TALMR 0016
039816 | Timer A2 mode register TA2MR 0016
039916 | Timer A3 mode register TA3MR 0016
039A16 | Timer A4 mode register TAAMR 0016
039B1s | Timer BO mode register TBOMR 00XX00002
o39cis | Timer B1 mode register TB1IMR 00XX00002
039D1s | Timer B2 mode register TB2MR 00XX00002
039E1s | Timer B2 special mode register TB2SC X00000002
039F16
03A016 | UARTO transmit/receive mode register UOMR 0016
03Al16 | UARTO bit rate generator UOBRG XX16
03A21s | UARTO transmit buffer register uoTB XX16
03A316 XX16
03A416 | UARTO transmit/receive control register O uoco 000010002
03A516 | UARTO transmit/receive control register 1 UOC1 000000102
03a61s | UARTO receive buffer register UORB XX16
03A716 XX16
03A816 | UART1 transmit/receive mode register U1MR 0016
03A%16 | UART1 bit rate generator U1BRG XX16
03AA1s | UARTL1 transmit buffer register UlTB XX16
03AB16 XX16
03ACis | UART1 transmit/receive control register 0 UlCo 000010002
03AD1s | UART1 transmit/receive control register 1 UlC1l 000000102
03AEs | UART1 receive buffer register U1RB XX16
03AF16 XX16
03B01s | UART transmit/receive control register 2 UCON X00000002
03B1l1e
03B216
03B316
03B416
03B516
03B616
03B716
03B816 | DMADO request cause select register DMOSL 0016
03B916
03BA1s | DMA1 request cause select register DM1SL 0016
03BB16
03BC16
03BD16
03BE16
03BF16

Note 1:The blank spaces are reserved. No access is allowed.

X : Indeterminate
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M16C/28 Group (M16C/28, M16C/28B) 4. Special Function Register (SFR)

Table 4.7 SFR Information(7)®

Address Register Symbol After Reset
03Cos | A/D register 0 ADO XX16
03C116 XX16
03C216 | A/D register 1 AD1 XX16
03C316 XX16
03C416 | A/D register 2 AD2 XX16
03C516 XX16
03cés | A/D register 3 AD3 XX16
03C716 XX16
03C816 | A/D register 4 AD4 XX16
03C916 XX16
03CA1s | A/D register 5 AD5 XX16
03CB16 XX16
03CCis | A/D register 6 AD6 XX16
03CD16 XX16
03CEis | A/D register 7 AD7 XX16
03CF16 XX16
03D016
03D116
03D21s |A/D trigger control register ADTRGCON 0016
03D316 _|A/D convert status register O ADSTATO 00000X002
03D41s |A/D control register 2 ADCON2 0016
03D516
03D616_|A/D control register O ADCONO 00000XXX2
03D716_|A/D control register 1 ADCON1 0016
03D816
03D916
03DA16
03DB16
03DC16
03DD16
03DE16
03DF16
03E016_|Port PO register PO XX16
03El1s_|Port P1 register P1 XX16
03E216 |Port PO direction register PDO 0016
03E315 _|Port P1 direction register PD1 0016
03E416 |Port P2 register P2 XX16
03E516_|Port P3 register P3 XX16
03E616 |Port P2 direction register PD2 0016
03E716 _|Port P3 direction register PD3 0016
03E816
03E916
03EA16
03EB16
03EC16 _|Port P6 register P6 XX16
03ED16 _|Port P7 register P7 XX16
03EE1s _|Port P6 direction register PD6 0016
03EF1s |Port P7 direction register PD7 0016
03F016 |Port P8 reqister P8 XX16
03F116 |Port P9 register P9 XX16
03F216 |Port P8 direction register PD8 0016
03F31s |Port P9 direction register PD9 000X00002
03F416 |Port P10 register P10 XX16
03F516
03F616 |Port P10 direction register PD10 0016
03F716
03F816
03F916
03FA16
03FB16
03FCis |Pull-up control register 0 PURO 0016
03FD1s |Pull-up control register 1 PUR1 0016
03FE1s |Pull-up control register 2 PUR2 0016
03FF16 _|Port control reqister PCR 0016

Note 1:The blank spaces are reserved. No access is allowed.

X': Indeterminate
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M16C/28 Group (M16C/28, M16C/28B) 5. Reset

5. Reset

Hardware reset, software reset, watchdog timer reset and oscillation stop detection reset are available to
initialize the microcomputer.
5.1 Hardware Reset
There are two types of hardware resets: a hardware reset 1 and a hardware reset 2.
5.1.1 Hardware Reset 1

A reset is applied using the RESET pin. When an “L” signal is applied to the RESET pin while the supply
voltage is within the recommended operating condition, the pins are initialized (see Table 5.1 Pin Status
When RESET Pin Level is “L"). The internal on-chip oscillator is initialized and used as CPU clock.
When the input level at the RESET pin is released from “L” to “H”, the CPU and SFR are initialized, and
the program is executed starting from the address indicated by the reset vector. The internal RAM is not
initialized. If the RESET pin is pulled “L” while writing to the internal RAM, the internal RAM becomes
indeterminate.

Figure 5.1 shows the example reset circuit. Figure 5.2 shows the reset sequence. Table 5.1 shows the
status of the other pins while the RESET pin is held “L”. Figure 5.3 shows the CPU register status after
reset. Refer to 4. Special Function Register (SFR) for SFR status after reset.

1. Reset on a stable supply voltage

() Apply an “L” signal to the RESET pin.
(2) Wait fa(ROC) or more.

(3) Apply an “H” signal to the RESET pin.

2. Power-on reset

(1) Apply an “L” signal to the RESET pin.

(2) Raise the supply voltage to the recommended operating level.
(3) Insert 1a(P-R) as wait time for the internal voltage is stabilized.
(4) Wait tafROC) or more.

(5) Apply an “H” signal to the RESET pin.

5.1.2 Hardware Reset 2

This reset is generated by the microcomputer’s internal voltage detection circuit. The voltage detection
circuit monitors the voltage applied to the Vcc pin.

If the VC26 bit in the VCR2 register is set to “1” (reset level detection circuit enabled), the microcomputer
is reset when the voltage at the Vcc input pin drops Vdet3 or below.

Conversely, when the input voltage at the Vcc pin rises to Vdet3 or more, the pins and the CPU and SFR
are initialized, and the program is executed starting from the address indicated by the reset vector. It
takes about /0(S-~)before the program starts running after Vdet3 is detected. The initialized pins and
registers and the status thereof are the same as in hardware reset 1.

The microcomputer cannot exit stop mode by brown-out detection reset (hardware reset 2).
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M16C/28 Group (M16C/28, M16C/28B) 5. Reset

Recommended :

operating
vce voltage
ov
RESET vce
¢ wEsE Equalto or less | |
i qual to or less P Equal to or less

- than 0.2Vcc

1 ov

than 0.2Vcc

—»! <4— More than td(ROC) + td(P-R)

Figure 5.1 Example Reset Circuit

5.2 Software Reset

When the PMO3 bit in the PMO register is set to “1” (microcomputer reset), the microcomputer has its pins,
CPU, and SFR initialized. Then the program is executed starting from the address indicated by the reset
vector. The device will reset using internal on-chip oscillator as the CPU clock.

At software reset, some SFR’s are not initialized. Refer to 4. Special Function Register (SFR).

5.3 Watchdog Timer Reset

When the PM12 bit in the PML1 register is “1” (reset when watchdog timer underflows), the microcomputer
initializes its pins, CPU and SFR if the watchdog timer underflows. The device will reset using internal on-
chip oscillator as the CPU clock. Then the program is executed starting from the address indicated by the
reset vector.

At watchdog timer reset, some SFR’s are not initialized. Refer to 4. Special Function Register (SFR).

5.4 Oscillation Stop Detection Reset

When the CM20 bit in the CM2 register is set to “1” (oscillation stop, re-oscillation detection function en-
abled) and the CM27 bit in the CM2 register is “0” (reset at oscillation stop detection), the microcomputer
initializes its pins, CPU and SFR, coming to a halt if it detects main clock oscillation circuit stop. Refer to the
section 7.8 oscillation stop, re-oscillation detection function.

At oscillation stop detection reset, some SFR’s are not initialized. Refer to the section 4. Special Function
Register (SFR).
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5. Reset

Vce
roc |5 e L L e
g B
td(P-R) | More than
td(ROC)
RESET CPU clock
28 cycles
CPU clock P 1 ) O
FFFFC16 Content of reset vector
Address \ FFFFEs | )

Figure 5.2 Reset Sequence

Table 5.1 Pin Status When RESET Pin Level is “L”

Pin name Status
PO to P3, Lo
P6 to P10 Input port (high impedance)

b15

b0

000016

Data register(R0)

000016

Data register(R1)

000016

Data register(R2)

000016

Data register(R3)

000016

Address register(A0)

000016

Address register(Al)

000016

Frame base register(FB)

b19

b0

0000016

Interrupt table register(INTB)

Content of addresses FFFFE16 to FFFFC16

Program counter(PC)

b15

bo

000016 User stack pointer(USP)
000016 Interrupt stack pointer(ISP)
000016 Static base register(SB)
b15 b0
| 000016 | Flag register(FLG)
b15_--~" - b8 b7 bOE
L ]
IPL Ul OBSzDC
Figure 5.3 CPU Register Status After Reset
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M16C/28 Group (M16C/28, M16C/28B)

5. Reset

5.5 Voltage Detection Circuit

Note
| Vcce=5V is assumed in 5.5 Voltage Detection Circuit. I

The voltage detection circuit has the reset level detection circuit and the low voltage detection circuit. The
reset level detection circuit monitors the voltage applied to the Vcc pin. The microcomputer is reset if the
reset level detection circuit detects Vcc is Vdet3 or below. Use bits VC27 and VC26 in the VCR2 register

to determine whether the individual circuit is enabled.

Use the reset level detection circuit for brown-out reset.

The low voltage detection circuit also monitors the voltage applied to the VVcc pin. The low voltage detec-
tion circuit use the VC13 bit in the VCRL1 register to detect VVcc is above or below Vdet4. The low voltage

detection interrupt can be used in the voltage detection circuit.

VCR2 Register

O—’_D—olll EEEEENY

Reset level
detection circuit

S
>Vdet3

CM10 Bit=1 _q:Df £
(Stop Mode)

Brown-out Detect Reset

1 shot

>T

(Hardware Reset 2
Release Wait Time)
td(S-R)

in)

ol

vee O

¥
>Vdetd

Low voltage
detection circuit

(“L" active)

Low Voltage
—  Detect Signal

VCR1 Register

VC13 Bit

O

Internal Reset Signal

Figure 5.4 Low Voltage Detection Circuit Block
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M16C/28 Group (M16C/28, M16C/28B)

5. Reset

Voltage Detection Register 1

b7 b6 b5 b4 b3 b2 bl bO
[0jojofo] Jofojo]

Symbol Address After Reset (2)
VCR1 001916 000010002
Bit symbol Bit name F unction RW
(b2-b0) Reserved bit Set to “0” RW
Low voltage monitor flag (1) 0:VCC < Vdet4
V€13 g g 1:VCC > Vdet4 RO
(b7-ba) Reserved bit Set to “0” RW

NOTES:

1. The VC13 bit is useful when the VC27 bit of VCR2 register is set to “1” (low voltage detection circuit enable).

The VC13 bit is always “1” (Vcc= Vdetd) when the VC27 bit in the VCR2 register is set to “0” (low voltage
detection circuit disable).
2. This register does not change at software reset, watchdog timer reset and oscillation stop detection reset.

Voltage Detection Register 2 (1)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset )

| | |o]o]o]o]o]o] VCR2 001A16 0016
o0 or v 1| Bit Symbol Bit Name Function RW
P el bl d sho) Reserved bit Must set to “0” RW
N VC26 Reset level monitor bit 0: Disable reset level detection
! (2 3,6) circuit )
[ RERELEEEEELEEEEED 1: Enable reset level detection RW
: circuit
' vear Low voltage monitor 0: Disable low voltage
! bit (4, 6) detection circuit
R Rt LA 1: Enable low voltage RW

detection circuit

NOTES:

1. Write to this register after setting the PRC3 bit in the PRCR register to “1” (write enable).

2. When not in stop mode, to use hardware reset 2, set the VC26 bit to “1” (reset level detection circuit enable).
3. VC26 bhit is disabled in stop mode. (The microcomputer is not reset even if the voltage input to Vcc pin becomes

lower than Vdet3.)

4. When the VC13 bit in the VCR1 register and D42 bit in the D4INT register are used or the D40 bit is set to “1”
(low voltage detection interrupt enable), set the VC27 bit to “1” (low voltage detection circuit enable).

5. This register does not change at software reset, watchdog timer reset and oscillation stop detection reset.

6. The detection circuit does not start operation until td(E-A) elapses after the VC26 bit or VC27 bit are set to “1”".

Figure 5.5 VCR1 Register and VCR2 Register
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M16C/28 Group (M16C/28, M16C/28B)

5. Reset

b7 b6 b5 b4 b3 b2 bl b0

Low Voltage Detection Interrupt Register (1)

the procedure described below.
(1) Set the VC27 bit to “1”.

(4) Set the D40 bit to “1”.

(2) Wait for td(E-A) until the detection circuit is actuated.
(3) Wait for the sampling time (refer to Table 5.3 Sampling Clock Periods).

VC27 bit is set to “0” (low voltage detection circuit disable), the D42 bit is set to “0” (Not detect).
3. This bit is set to “0” by writing a “0” in a program. (Writing a “1” has no effect.)
4. If the low voltage detection interrupt needs to be used to get out of stop mode again after once used for that
purpose, reset the D41 bit by writing a “0” and then a “1".
5. The D40 bit is effective when the VC27 bit in the VCR2 register is set to “1”. To set the D40 bit to “1”, follow

Symbol Address After Reset
DX | || ] D4INT 001F16 0016
Pov oo | BitSymbol Bit Name Function RW
L D40 Low voltage detection 0 : Disable RW
[ A interrupt enable bit (5) 1: Enable
D41 STOP mode deactivation 0: Disable (do not use the low
e control bit 4) voltage detection interrupt to exit
stop mode)
e 1: Enable (use the low voltage RW
R R R - detection interrupt to exit stop
R mode)
D42 Voltage change detection flag | 0: Not detected RW
[ @ 1: Vdet4 passing detection ®
[ R T S D43 WDT overflow detect flag 0: Not detected RW
HE 1: Detected 3)
oo - ; b50a
A DFO Sampling clock select bit 00 : CPU clock divided by 8 RW
T 01 : CPU clock divided by 16
R bF1 10 : CPU clock divided by 32
o 11: CPU clock divided by 64 RW
______________________ — Nothing is assigned. When write, set to “0”. When read, its
(b7-b6) content is “0”. -

NOTES:

1. Write to this register after setting the PRC3 bit in the PRCR register to “1” (write enable).

2. Useful when the VC27 bit in the VCR2 register is set to “1” (low voltage detection circuit enabled). If the

Figure 5.6 D4INT Register
5.0V 5.0V
Vdet4
Vdet3r
vce Vdet3
Vdet3s
Vss
RESET

Internal Reset Signal

VC13 bit in
VCRL1 register

Indeterminate  /
Indeterminate \

VC26 bit in

«

[

Set to “1” by program (reset level detect circuit énable)
1 1

VCR2 register D

VC27 bit in

Indeterminate \

Set to “1” by program
(low voltage detection circuit enable)

VCR2 register

NOTES :

becomes lower than Vdet3).

1. VC26 bit is invalid in stop mode. (the microcomputer is not reset even if input voltage of VCC pin

i I

Figure 5.7 Typical Operation of Brown-out Detection Reset (Hardware Reset 2)
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5.5.1 Low Voltage Detection Interrupt
If the D40 bit in the D4INT register is set to "1" (low voltge detection interrupt enabled), a low voltage
detection interrupt request is generated when voltage applied to the Vcc pin is above or below Vdet4.
The low voltage detection interrupt shares the same interrupt vector with watchdog timer interrupt and
oscillation stop, re-oscillation detection interrupt.
Set the D41 bit in the D4INT register to "1" (enabled) to use the low voltage detection interrupt to exit stop
mode, set the D41 bit in the D4INT register to 1 (enable).
The D42 bit in the D4INT register is set to "1" (above or below Vdet4 detected) as soon as voltage applied
to the Vcc pin goes above or below Vdet4 due to the voltage change. When the D42 bit setting changes
"0" to "1", a low voltage detection interrupt is generated. Set the D42 bit to O (not detected) by program.
However, when the D41 bit is set to 1 and the microcomputer is in stop mode, a low voltage detection
interrupt request is generated, regardless of the D42 bit setting, if voltage applies to the Vcc pin is
detected to rise above or drop below Vdet4. The microcomputer then exits stop mode.
Table 5.2 shows how a low voltage detection interrupt request is generated.
Bits DF1 and DFO in the D4INT register determine sampling period that detects voltage applied to the
Vcc pin rises above or drops below Vdet4. Table 5.3 shows sampling periods.

Table 5.2 Low Voltage Detection Interrupt Request Generation Conditions

Operation Mode VC27 bit D40 bit D41 bit D42 bit CMO02 bit VC13 bit
Normal 3)
operation o 0to1 . Ol
mode(1) 1to0 @)
Otol (3
Wait mode 1 1 Oto1l 0 ®
2 — 1to0 3)
—_ 1 Otol
Stop mode 1 _ 0 Oto1
(2
— 0'or 17
NOTES:

1. The status except the wait mode and stop mode is handled as the normal mode. (Refer to 7. Clock generating circuit)

2. Refer to 5.5.2 Limitations on stop mode and 5.5.3 Limitations on wait mode.

3. An interrupt request for voltage reduction is generated a sampling time after the value of the VC13 bit has changed.
Refer to the Figure 5.9 for details.

5. Reset

Table 5.3 Sampling Clock Periods

CPU Sampling clock (us)
clock DF1 to DF0=00 DF1 to DF0=01 DF1 to DF0=10 DF1 to DF0=11
(MHz) (CPU clock divided by 8) | (CPU clock divided by 16)|(CPU clock divided by 32) [ (CPU clock divided by 64)
16 3.0 6.0 12.0 24.0
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5. Reset

Low voltage detection circuit

Low voltage detection interrupt generation circuit

DF1, DFO

=\
o]
O

D42 bit is set to “0"(not detected) by
writing a “0" in a program. VC27 bit

B is set to “0” (low voltage detection
DAINT clock(the _| o circuit disabled), the D42 bit is set to
VC27 clock with which it w0,
operates also in
wait mode)
—\C13 Watchdog
\/ \ J D42 timer interrupt
Noise [ Noise rejection Digital signal
rejection d Low voltage detectidn | circuit filter
_— . signal
(Rejection wide:200 ns)
“H” when VC27 bit= 0 Low voltage
(disabled) D41 detection
interrupt signal
CMm10 Oscillation stop,
re-oscillation
cMo2 detection
WAIT instruction(wait mode) interrupt signal
Watchdog timer block
D43
»- D40 —
Watchdog timer
underflow signal This bit is set to “0"(not detected) by writing a “0" by program.

Non-maskable
interrupt signal

Figure 5.8 Low Voltage Detection Interrupt Generation Block

VvCC

VC13 bit

Output of the digital filter (2)

D42 bit

Low voltage detection
interrupt signal

NOTES:

I S
I

—

sampling |

—l

sampling |

— 1 [

sampling sampling

|
|
No low voltage detection inlerrupt signals are

generated when the D42 bit is “1”.
|

U I

I —

Set to “0" by Set to “0” by &'
program (not program (not |
detected)

detected) |

1

|

I

I I
| |

1. D40 bit in the D4INT register is set to “1"(low voltage detection interrupt enabled).
2. Output of the digital filter shown in Figure 5.8.

Figure 5.9 Low voltage Detection Interrupt Generation Circuit Operation Example
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M16C/28 Group (M16C/28, M16C/28B) 5. Reset

5.5.2 Limitations on Stop Mode
The low voltage detection interrupt is immediately generated and the microcomputer exits stop mode if
the CM10 bit in the CM1 register is set to “1” under the conditions below.
* the VC27 bit in the VCR2 register is set to “1” (low voltage detection circuit enabled)
« the D40 bit in the D4INT register is set to “1” (low voltage detection interrupt enabled)
« the D41 bit in the D4INT register is set to “1” (low voltage detection interrupt is used to exit stop mode)
» the voltage applied to the VCC pin is higher than Vdet4 (the VC13 bit in the VCR1 register is “1")

If the microcomputer is set to enter stop mode when the voltage applied to the VCC pin drops below
Vdet4 and to exit stop mode when the voltage applied rises to Vdet4 or above, set the CM10 bit to “1”
when VC13 bit is “0” (VCC < Vdet4).

5.5.3 Limitations on WAIT Instruction

The low voltage detection interrupt is immediately generated and the microcomputer exits wait mode If
WAIT instruction is executed under the conditions below.

* the CMO02 bit in the CMO register is set to “1” (stop peripheral function clock)

« the VC27 bit in the VCR2 register is set to “1” (low voltage detection circuit enabled)

« the D40 bit in the D4INT register is set to “1” (low voltage detection interrupt enabled)

« the D41 bit in the D4INT register is set to “1” (low voltage detection interrupt is used to exit wait mode)
* the voltage applied to the VCC pin is higher than Vdet4 (the VC13 bit in the VCR1 register is “1”)

If the microcomputer is set to enter wait mode when the voltage applied to the VCC pin drops below Vdet4
and to exit wait mode when the voltage applied rises to Vdet4 or above, perform WAIT instruction when
VC13 bit is “0” (VCC < Vdet4).
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6. Processor Mode

6. Processor Mode

The microcomputer supports single-chip mode only. Figures 6.1 and 6.2 show the associated registers.

Processor Mode Register 0 @)
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
|0|0|0|0| 0|0|0 PMO 000416 0016
bbb | Bit Symbol Bit Name Function RW
e ) Reserved bit Set to "0" RW
The microcomputer is reset when
Poor o oo PMO03 Software reset bit this bit is set to "1". When read, RW
its content is "0".
e LT EE e (b7-b4) Reserved bit Set to "0" RW
NOTES:
1. Rewrite the PMO register after the PRC1 bit in the PRCR register is set to "1" (write enable).
Processor Mode Register 1@
b7 b6 b5 b4 b3 b2 bl bo bol dd t
Symbo Address After Reset
||0|0|0|1||0|| PM1 000516 000010002
b1 o0 1 i 1t | BitSymbol Bit Name Function RW
P Lo Flash data block access | O: Disabled
S R YV ETe) ) RW
A bit @ 1: Enabled ®
S I (b1) Reserved bit Setto "0" RW
Co Watchdog timer function | 0 : Watchdog timer interrupt
Por o PM12 select bit 1 : Watchdog timer reset (4 RW
U (b3) Reserved bit Set to "1" RW
(R R —— (b6-b4) Reserved bit Set to "0" RW
:L _______________________ i it (5) 0 : No wait state
PM17 Wait bit 1: Wait state (1 wait) RW
NOTES:
1. Rewrite the PML1 register after the PRCL1 bit in the PRCR register is set to "1" (write enable).
2. To access the two 2K-byte data spaces in data block A and data block B, set the PM10 bit to "1". The PM10
bit is not available in mask version.
3. When the FMRO1 bit in the FMRO register is set to "1" (enables CPU rewrite mode), the PM10 bit is
automatically set to "1".
4. Set the PM12 bit to "1" by program. (Writing "0" by program has no effect)
5. When the PM17 bit is set to "1" (wait state), one wait is inserted when accessing the internal RAM or the
internal ROM.

Figure 6.1 PMO Register, PM1 Register
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M16C/28 Group (M16C/28, M16C/28B) 6. Processor Mode

Processeor Mode Register 2 (1)

b7 b6 b5 b4 b3 b2 bl bo

operation(®

Symbol Address After Reset
| 0 | | | PM2 001E16 XXX000002
Bit Symbol Bit Name Function RW
Specifying wait when , .
v -1 PM20 accessing SFR during PLL (1)j ixg:: RW

0: Clock is protected by PRCR

Pt PM21 System clock protective bit®4 |  register RW
1: Clock modification disabled

0: CPU clock is used for the
watchdog timer count source

WDT count source

LT PM22 rotective bit (35 1: On-chip oscillator clock is used | RW
P for the watchdog timer count
source
............ (b3) Reserved bit Setto “0” RW

0: P85 function (NMI disable)

1: NMI function RW

L ETT e PM24 P85/NMI configuration bit(®:7)

— Nothing is assigned. When write, set to“0".

"""""""""""""" (b7-b5) | When read,its content is indeterminate T

NOTES:
1. Write to this register after setting the PRC1 bit in the PRCR register to “1” (write enable).
2. The PM20 bit become effective when PLCO7 bit in the PLCO register is set to "1" (PLL on). Change the PM20 bit
when the PLCO7 bit is set to "0" (PLL off). Set the PM20 bit to "0" (2 waits) when PLL clock > 16 MHz.
3. Once this bit is set to “1”, it cannot be set to “0” by program.
4. Writing to the following bits has no effect when the PM21 bit is set to “1”:
CMO02 bit in the CMO register
CMOS5 bit in the CMO register (main clock is not halted)
CMO7 bit in the CMO register (CPU clock source does not change)
CM10 bit in the CML1 register (stop mode is not entered)
CM11 bit in the CM1 register (CPU clock source does not change)
CM20 bit in the CM2 register (oscillation stop, re-oscillation detection function settings do not change)
All bits in the PLCO register (PLL frequency synthesizer setting do not change)
When the PM21 bit is set to "1", do not execute the WAIT instruction.
5. Setting the PM22 bit to “1” results in the following conditions:
- The on-chip oscillator continues oscillating even if the CM21 bit in the CM2 register is set to "0" (main clock or
PLL clock) (system clock of count source selected by the CM21 bit is valid)
- The on-chip oscillator starts oscillating, and the on-chip oscillator clock becomes the watchdog timer count
source.
- The CM10 bit in the CML1 register is disabled against write. (Writing a “1” has no effect, nor is stop mode
entered)
- The watchdog timer does not stop in wait mode.
6. For NMI function, the PM24 bit must be set to “1"(NMI function). Once this bit is set to “1”, it cannot be cleared to
“0” by program.
7. SD input is valid regardless of the PM24 setting.

Figure 6.2 PM2 Register
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6. Processor Mode

The internal bus consists of CPU bus, memory bus, and peripheral bus. Bus Interface Unit (BIU) is used to
interfere with CPU, ROM/RAM, and perpheral functions by controling CPU bus, memory bus, and periph-
eral bus. Figure 6.3 shows the block diagram of the internal bus.

ROM

CPU

CPU data bus

CPU address bus

DMAC

il ?T

Memory address bus

BIU

Memory data bus >

CPU clock

Clock o
generation Peripheral function
circuit

snq ssalppe [esaydusd |

d44S

snq erep resyduad

| Timer |

| wbT |

|Seria| I/O | o
@

| ADC | =
3
S
c
a
2
>

1/0

Figure 6.3 Bus Block Diagram

The number of bus cycle varies by the internal bus. Table 6.1 lists the accessible area and bus cycle.

Table 6.1 Accessible Area and Bus Cycle

Accessible Area

Bus Cycle

SFR PM20 bit = 0 (2 waits)

3 CPU clock cycles

PM20 bit = 1 (1 wait)

2 CPU clock cycles

ROM/RAM | PM17 bit = 0 (no wait)

1 CPU clock cycle

PM17 bit = 1 (1 wait)

2 CPU clock cycles
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7. Clock Generation Circuit

The clock generation circuit contains four oscillator circuits as follows:
(1) Main clock oscillation circuit
(2) Sub clock oscillation circuit
(3) Variable on-chip oscillators
(4) PLL frequency synthesizer

Table 7.1 lists the clock generation circuit specifications. Figure 7.1 shows the clock generation circuit.

Figures 7.2 to 7.7 show the clock- associated registers.

Table 7.1 Clock Generation Circuit Specifications

Pin_s to connect
oscillator

Oscillation stop,
restart function
Oscillator status
after reset

- Peripheral function
clock source

- Ceramic oscillator
- Crystal oscillator

- Timer A, B's clock
source

Externally derived clock can be input

- Peripheral function clock source

- CPU and peripheral function
clock sources when the main
clock stops oscillating

Selectable source frequency:
f1(rOC), f2(ROC), f3(ROC)
Selectable divider:
by 2, by 4, by 8

Oscillating
(CPU clock source)

Main Clock Sub Clock : ki : PLL Frequency
Item Oscillation Circuit Oscillation Circuit Variable On-chip Oscillator Synthesizer
Use of clock - CPU clock source | - CPU clock source |- CPU clock source - CPU clock source

- Peripheral function clock
source
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7. Clock Generation Circuit

Sub-clock
generating circuit

XCIN Xcout

PCLKO, PCLK1.: Bits in the PCLKR register
CM21, CM27: Bits in the CM2 register

Interrupt request level judgment output

CM02, CM04, CM05, CM06, CMO07: Bits in the CMO register
CM10, CM11, CM16, CM17: Bits in the CM1 register

Oscillation stop, re-oscillation detection circuit

Reset
Pulse generation CM27=0 generating Oscillation stop
circuit for clock Charge, circuit detection reset
Main dge detection |—{ discharge
clock and charge, circuit O—— Oscillation stop, | Oscillation stop,
discharge control CM27=1 | re-oscillation re-oscillation
detection interrupt detection signal
generating circuit

L

P CM21 switch signal

PLL frequency synthesizer

CMO06=0

CMO06=0
CM17, CM16=012

CM17, CM16=102

CM04
Sub-clock '_ﬂ:)o_
fc
Variable On-chip >
Cm21 }—— on-chip {— oscillator fa2
s oscillator clock —| D
N~ faD
Oscillation 115|ol/
stop, re- PCLK1=1
oscillation P
detection >—<:tZSID PCLK1=0
circuit
ﬁ N f8sio
CM10=1(stop mode) s Q PLL L
frequency [N fazsio
R synthesizer elbTlc L
d CMO07=0 D4INT clock
|F’LL ovzist [ Divider
7 | clock CPU clock
¢ o
Main clock 0 oL CM21=0
Cmos  9enerating circuit
s Q
WAIT instruction —— R
e
12 }_4.4 12 1/2 }_0_‘ 1/2 }J
a "{ 132
RESET 1/2 1/16
Software reset CMO06=0
—_ CM17, CM16=112
NMI O CM06 1

CMO06=0
CM17, CM16=002

\oid

—O

Details of divider

Variable On-chip Oscillator

ROCR1 and ROCR0=002

fa(roc)| O O
ROCR1 and ROCR0=012

ROCR1 and ROCR0=112

Programmable

counter

Phase

comparator

Main clock

! Voltage

Charge control
pump oscillator

(VCO)

Internal lo
pass filter

1/2

ROCR3 and ROCR2=112

ROCR3 anROCRZ:lOz
On-chip
oscillator
clock
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Figure 7.1 Clock Generation Circuit
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System Clock Control Register 0 (1)

b7 b6 b5 b4 b3 b2 bl bo

| Symbol Address After Reset
T — CMO 000616 010010002
Bit symbol Bit name Function RW
b (b1-b0) | Reserved bits Set to "0" RW
b CMO02 Wait Mode peripheral function| O : Do not stop peripheral function clock in wait mode
v i+ (10) . i ; in wai ®) RW
. clock stop bit 1: Stop peripheral function clock in wait mode
R XcIN-XcouT drive capacity | 0 : LOW
: CMO3 | elect bit® 1:HIGH RW
. Port Xc select bit@ 0:1/0 port P86, P87
Pt CMo4 1 : XCIN-XcouT generation function(® RW
Main clock stop bit 0:0n®
----------------- CMOS [ (5%0, 12, 13) P 1. Off ) RW
___________________ CMO6 Main clock division select | 0: CM16 and CM17 valid
bit 0 (7. 13.14) 1 : Division by 8 mode RW
_______________________ System clock select bit 0 : Main clock, PLL clock, or on-chip oscillator clock
EMO7 | (610,11, 12) 1: Sub-clock RW

NOTES:

1. Write to this register after setting the PRCO bit of PRCR register to "1" (write enable).

2. The CMO03 bit is set to "1" (high) when the CMO04 bit is set to "0" (I/O port) or the microcomputer goes to a stop mode.

3. This bit is provided to stop the main clock when the low power dissipation mode or on-chip oscillator low power dissipation mode
is selected. This bit cannot be used for detection as to whether the main clock stopped or not. To stop the main clock, the
following setting is required:

(1) Set the CMO7 bit to "1" (Sub-clock select) or the CM21 bit in the CM2 register to "1" (on-chip oscillator select) with the sub-
clock stably oscillating.

(2) Set the CM20 bit in the CM2 register to "0" (Oscillation stop, re-oscillation detection function disabled).

(3) Set the CMO5 bit to "1" (Stop).

4. During external clock input, set the CMO05 bit to "0"(On).

5. When CMO5 bit is set to "1", the XouT pin goes "H". Futhermore, because the internal feedback resistor remains connectes,
the XN pin is pulled "H" to the same level as XouT via the feedback resistor.

6. After setting the CMO04 bit to "1" (XcIN-XcouT oscillator function), wait until the sub-clock oscillates stably before switching
the CMO7 bit from "0" to "1" (sub-clock).

7. When entering stop mode from high or middle speed mode, on-chip oscillator mode or on-chip oscillator low power mode, the
CMO6 bit is set to "1" (divided-by-8 mode).

8. The fc32 clock does not stop. During low speed or low power dissipation mode, do not set this bit to "1"(peripheral clock turned
off in wait mode).

9. To use a sub-clock, set this bit to "1". Also, make sure ports P86 and P87 are directed for input, with no pull-ups.

10. When the PM21 bit in the PM2 register is set to "1" (clock modification disable), writing to the CM02, CM05 and CMO7 bits has
no effect.

11. If the PM21 bit needs to be set to "1", set the CMO7 bit to "0" (main clock) before setting it.

12. To use the main clock a the clock source for the CPU clock, follow the procedure below.
(1) Set the CMO5 bit to "0" (oscillate).
(2) Wait the main clock oscillation stabilized.
(3) Set the CM11, CM21 and CMO7 bits all to "0".

13. When the CM21 bit is set to "0" (on-chip oscillaor turned off) and the CMO05 bit is set to "1" (main clock turned off), the CM06 bit
is fixed to "1" (divide-by-8 mode) and the CM15 bit is fixed to "1" (drive capability High).

14. To return from on-chip oscillator mode to high-speed or middle-speed mode set the CM06 and CM15 bits both to "1".

Figure 7.2 CMO Register
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7. Clock Generation Circuit

b7 b6 b5 b4 b3 b2 bl b0

| [ Telefo] | ]

NOTES:

System Clock Control Register 1 (1)

Symbol Address After Reset
CM1 000716 001000002
RN T: Symbol Bit Function RW
oo cM10 | All clock stop control bit | 0 : Clock on RW
[ (4,6) 1 : All clocks off (stop mode)
o CcM11 System clock select bit 1 | g - Main clock RW
: 6.7 1: PLL clock (Note 5)
------ fmmmm s (b4-b2) Reserved bit Set to “0” RW
XIN-XouT drive capacity 0:LOW
CM15 select bit (2) 1:HIGH RW
b7 b6
CM16 | Main clock division 00 : No division mode RW
select bits (3) 0 1: Division by 2 mode
cM17 10: Division by 4 mode
11 : Division by 16 mode RW

1. Write to this register after setting the PRCO bit in the PRCR register to “1” (write enable).
2. When entering stop mode from high or middle speed mode, or when the CMO5 bit is set to “1” (main clock turned off) in low
speed mode, the CM15 bit is set to “1” (drive capability high).

3. Effective when the CMO6 bit is “0” (CM16 and CM17 bits enable).

4. If the CM10 bit is “1” (stop mode), XouT goes “H” and the internal feedback resistor is disconnected. The XciN and XcouT
pins are placed in the high-impedance state. When the CM11 bit is set to “1” (PLL clock), or the CM20 bit in the CM2 register
is set to “1” (oscillation stop, re-oscillation detection function enabled), do not set the CM10 bit to “1".

5. After setting the PLCO7 bit in the PLCO register to “1” (PLL operation), wait until tsu (PLL) elapses before setting the CM11 bit to
“1" (PLL clock).

6. When the PM21 bit in the PM2 register is set to “1” (clock modification disable), writing to the CM10, CM11 bits has no effect.
When the PM22 bit in the PM2 register is set to “1” (watchdog timer count source is on-chip oscillator clock), writing to the
CM10 bit has no effect.

7. Effective when CMO07 bit is “0” and CM21 bit is “0” .

Figure 7.3 CM1 Register

NOTES:

On-chip Oscillator Control Register (1)

v b6| bs| b4| P Symbol Address After Reset

NOJOJ0L | L | ROCR 025C16 X00001012

P00 i1t | Bit Symbol Bit Name Function RW
ROCRO Frequency Select Bits 6160 : f1 (ROC) RW
- 01:f2(ROC)

I 1.0 : Do not set to this value
N ROCR1 11:f3(ROC) RW
S — : —

[ ROCR2 Divider Select Bits 0 0 : Do not set to this value RW
A 01 : divide by 2

oo 10 : divide by 4
. ROCR3 11 : divide by 8 RW
oL (b6-b4) | Reserved Bit Set 0 “0". RW
: — Nothing is assigned. When write, set to “0”. When read, its
___________________________ (b7) content is indeterminate. -

1. Write to this register after setting the PRCO bit in the PRCR register to "1" (write enable).

Figure 7.4 ROCR Register
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Oscillation Stop Detection Register (1)

b7 b6 b5 b4 b3 b2 bl bo

10.
. The CM20, CM21 and CM27 bits do not change at oscillation stop detection reset.
12.

7. Clock Generation Circuit

olo Symbol Address After Reset
| , N : | | | , | , CM2 000C16 0X0000102(11)
A R i | Bit Symbol Bit Name Function RW
CM20 Oscillation stop, re- 0: Oscillation stop, re-oscillation
- oscillation detection bit detection function disabled RW
A (7,9,10,11) 1: Oscillation stop, re-oscillation
detection function enabled
: CM21 System clock select bit 2 | 0: Main clock or PLL clock
A (2,3,6,8,11,12) 1: On-chip oscillator clock RW
A (On-chip oscillator oscillating)
CM22 Oscillation stop, re- 0: "Oscillation stop, re-oscillation”
S A S oscillation detection flag | not detected RW
T (@) 1: "Oscillation stop, re-oscillation"
detected
XIN monitor fla 0: Main clock oscillating
S CM23 |7 9 1: Main clock not oscillating RO
I SGRECREEEEEEEE (b5-ba) | Reserved bit Set to “0” RW
R - Nothing is assigned. When write, set to “0”. When read, its -
(b6) content is indeterminate.
CM27 Operation select bit 0: Oscillation stop detection reset
B Rkt (when an oscillation stop,| 1: Oscillation stop, re-oscillation RW
re-oscillation is detected)|  detection interrupt
(11
NOTES:
1. Write to this register after setting the PRCO bit in the PRCR register to “1” (write enable).

. When the CM20 bit is “1” (oscillation stop, re-oscillation detection function enabled), the CM27 bit is set to

“1” (oscillation stop, re-oscillation detection interrupt), and the CPU clock source is the main clock, the
CM21 hit is automatically set to “1” (on-chip oscillator clock) if the main clock stop is detected.

. If the CM20 bit is set to “1” and the CM23 bit is set to “1” (main clock not oscillating), do not set the CM21

bit to “0”.

. This flag is set to “1” when the main clock is detected to have stopped or when the main clock is detected

to have restarted oscillating. When this flag changes state from “0” to “1”, an oscillation stop, reoscillation
restart detection interrupt is generated. Use this flag in an interrupt routine to discriminate the causes of
interrupts between the oscillation stop, reoscillation detection interrupts and the watchdog timer interrupt.
The flag is cleared to “0” by writing a “0” by program. (Writing a “1” has no effect. Nor is it cleared to “0” by
an oscillation stop or an oscillation restart detection interrupt request acknowledged.)

If when the CM22 bit is set to "1" an oscillation stoppage or an oscillation restart is detected, no oscillation
stop, reoscillation restart detection interrupts are generated.

. Read the CM23 bit in an oscillation stop, re-oscillation detection interrupt handling routine to determine the

main clock status.

. Effective when the CMO7 bit in the CMO register is set to “0”".
. When the PM21 bit in the PM2 register is “1” (clock modification disabled), writing to the CM20 bit has no

effect.

. When the CM20 bit is set to “1” (oscillation stop, re-oscillation detection function enabled), the CM27 bit is

set “1” (oscillation stop, re-oscillation detection interrupt), and the CM11 bit is “1” (the CPU clock source is
PLL clock), the CM21 bit remains unchanged even when main clock stop is detected. If the CM22 bit is set
to “0” under these conditions, oscillation stop, re-oscillation detection interrupt occur at main clock stop
detection; it is, therefore, necessary to set the CM21 bit to “1” (on-chip oscillator clock) inside the interrupt
routine.

. Set the CM20 bit to “0” (disable) before entering stop mode. After exiting stop mode, set the CM20 bit back

to “1” (enable).
Set the CM20 bit to “0” (disable) before setting the CMO5 bit in the CMO register.

When the CM21 bit is set to “0” (on-chip oscillator turned off) and the CMO5 bit is set to “1” (main clock
turned off), the CMO6 bit is fixed to “1” (divide-by-8 mode) and the CM15 bit is fixed to “1” (drive capability
High).

Figure 7.5

CM2 Register
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b5 b4 b3 b2 bl bO

Peripheral Clock Select Register ()

Symbol Address After Reset
0 | 0 | 0 | 0 | | | PCLKR 025E16 000000112
Bit Symbol Bit Name Function RW
Timers A, B clock select bit 0 fa
voor o h (Clock source for Timers A, 1: f
P PCLKO  |B, Timer S, the dead time -1 RW
- timer, SI/03, SI/04,multi-
oo master 12C bus)
oo T SI/O clock select bit (Clock 0: f2si0
oo PCLK1 source for UARTO to 1: fisio RW
A UART2)
------------------------ (b7-b2) Reserved bit Set to “0” RW
NOTE:
1. Write to this register after setting the PRCO bit in the PRCR register to “1” (write enable).
Processeor Mode Register 2 (1)
A AT Symbol Address After Reset
0 PM2 001E16 XXX000002
Bit Symbol Bit Name Function RW
Specifying wait when ) )
oo PM20 | accessing SFR during pLL | 92 Walt RW
Y X 1: 1 wait
Vo operation(®
oo 0: Clock is protected by PRCR
oo PM21 System clock protective bit3#) |  register RW
oo 1: Clock modification disabled
0: CPU clock is used for the
A WDT count source watchdog timer count source
[ PM22 R 1: On-chip oscillator clock is used | RW
oo protective bit (3.5) )
R for the watchdog timer count
source
E ' ' ' (b3) Reserved bit Setto “0” RW
E E E : --------------- PM24 P85/NMI configuration pit®:7) 0: @func'{ion (NMI disable) RW
1: NMI function
___________________ — Nothing is assigned. When write, set to“0". -
(b7-b5) | when read,its content is indeterminate

NOTES:
1. Write to this register after setting the PRCL1 bit in the PRCR register to “1” (write enable).
. The PM20 bit become effective when PLCO7 bit in the PLCO register is set to "1" (PLL on). Change the PM20 bit
when the PLCO7 bit is set to "0" (PLL off). Set the PM20 bit to "0" (2 waits) when PLL clock > 16 MHz.
Once this bit is set to “1”, it cannot be set to “0” by program.
4. Writing to the following bits has no effect when the PM21 bit is set to “1™:
CMO2 bit in the CMO register
CMO5 bit in the CMO register (main clock is not halted)
CMO7 bit in the CMO register (CPU clock source does not change)
CM10 bit in the CM1 register (stop mode is not entered)
CM11 bit in the CM1 register (CPU clock source does not change)
CM20 bit in the CM2 register (oscillation stop, re-oscillation detection function settings do not change)
All bits in the PLCO register (PLL frequency synthesizer setting do not change)
When the PM21 bit is set to "1", do not execute the WAIT instruction.

N

w

5. Setting the PM22 bit to “1” results in the following conditions:
- The on-chip oscillator continues oscillating even if the CM21 bit in the CM2 register is set to "0" (main clock or
PLL clock) (system clock of count source selected by the CM21 bit is valid)
- The on-chip oscillator starts oscillating, and the on-chip oscillator clock becomes the watchdog timer count
source.
- The CM10 bit in the CM1 register is disabled against write. (Writing a “1” has no effect, nor is stop mode
entered)
- The watchdog timer does not stop in wait mode.
6. For NMI function, the PM24 bit must be set to “1”(NMI function). Once this bit is set to “1”, it cannot be cleared to
“0” by program.
7. SD input is valid regardless of the PM24 setting.

Figure 7.6 PCLKR Register and PM2 Register
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PLL Control Register 0 @2

Nothing is assigned. When write, set to "0".
(b3) |When read, its content is indeterminate.

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset

| | 0 | 0 | 1 |><| | | | PLCO 001C16 0001 X0102
Bit Bit Name Function RW
P or v 4 1 [ Symbol
T A R T R o b2 160
Pop i 111 == PLCOO PLIL ml;'.tlplymg fg;:tor 00 0: Do not set RW
P select bit 00 1: Multiply by 2
oo 01 0: Multiply by 4
A PLCO1 011: RW
oo 100:
101: ; Do not set
R T T S PLCO2 110: RW
A 111

R EGEGLECEEEEE | Reserved bit Set to "1" RW
; (b4)
== : : nAn RwW
(b6-b5) Reserved bit Setto "0
. . 0: PLL Off
e eemeeemmesseesmeemma—- 4 RW
PLCO7 |Operation enable bit 1 PLL On

NOTES:
1. Write to this register after setting the PRCO bit of PRCR register to "1" (write enable).
2. When the PM21 bit in the PM2 register is "1" (clock modification disable), writing to this register has no effect.
3. These three bits can only be modified when the PLCO7 bit is set to "0" (PLL turned off). The value once written to
this bit cannot be modified.
4. Before setting this bit to "1" , set the CMQ7 bit to "0" (main clock), set the CM17 to CM16 bits to "002" (main
clock undivided mode), and set the CMO06 bit to "0" (CM16 and CM17 bits enable).

Figure 7.7 PLCO Register

Rev. 2.00 Jan. 31,2007  Page 50 of 385 RENESAS
REJ09B0047-0200



M16C/28 Group (M16C/28, M16C/28B) 7. Clock Generation Circuit

The following describes the clocks generated by the clock generation circuit.

7.1 Main Clock

The main clock is generated by the main clock oscillation circuit. This clock is used as the clock source for
the CPU and peripheral function clocks. The main clock oscillator circuit is configured by connecting a
resonator between the XIN and XouT pins. The main clock oscillator circuit contains a feedback resistor,
which is disconnected from the oscillator circuit during stop mode in order to reduce the amount of power
consumed in the chip. The main clock oscillator circuit may also be configured by feeding an externally
generated clock to the XIN pin. Figure 7.8 shows the examples of main clock connection circuit.

The main clock oscillates after reset. The power consumption in the chip can be reduced by setting the
CMOS5 bit in the CMO register to “1” (main clock oscillator circuit turned off) after switching the clock source
for the CPU clock to a sub clock or on-chip oscillator clock. In this case, XouT goes “H”. Furthermore,
because the internal feedback resistor remains on, XIN is pulled “H” to XourT via the feedback resistor.
During stop mode, all clocks including the main clock are turned off. Refer to 7.6 power control.

If the main clock is not used, it is recommended to connect the XIN pin to VCC to reduce power consump-
tion during reset.

Microcomputer Microcomputer
(Built-in Feedback Resistor) (Built-in Feedback Resistor)
CIN

XIN I | }— XN | — External Clock
Oscillator |:| vee
Vss
XouT —/\/\/\,L{ }—0

Rd® Cout

Vss J Xout | Open
NOTE:

1. Insert a damping resistor if required. Resistance value varies depending on the oscillator setting.
Use resistance value recommended by the oscillator manufacturer. If the oscillator manufacturer
recommends that a feedback resistor be added to the chip externally, insert a feedback resistor
between XiN and XourT.

2. The external clock should not be stopped when it is connected to the XiN pin and the main clock is
selected as the CPU clock.

Figure 7.8 Examples of Main Clock Connection Circuit
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7.2 Sub Clock

The sub clock is generated by the sub clock oscillation circuit. This clock is used as the clock source for the
CPU clock, as well as the timer A and timer B count sources.

The sub clock oscillator circuit is configured by connecting a crystal resonator between the XciN and XcouT
pins. The sub clock oscillator circuit contains a feedback resistor, which is disconnected from the oscillator
circuit during stop mode in order to reduce the amount of power consumed in the chip. The sub clock
oscillator circuit may also be configured by feeding an externally generated clock to the XcIN pin. Figure 7.9
shows the examples of sub clock connection circuit.

After reset, the sub clock is turned off. At this time, the feedback resistor is disconnected from the oscillator
circuit.

To use the sub clock for the CPU clock, set the CMO7 bit in the CMO register to “1 " (sub clock) after the sub
clock becomes oscillating stably.

During stop mode, all clocks including the sub clock are turned off. Refer to “power control”.

Microcomputer Microcomputer
(Built-in Feedback Resistor) (Built-in Feedback Resistor)
CCIN

XCIN | XCIN External Clock
1
Oscillator |:| Vee
Vss

Xcour 4/\/\/\,—L{ }—0

Rcd® Ccout

Vss 1 Xcout | Open
NOTES:

1. Place a damping resistor if required. Resistance values vary depending on the oscillator setting.
Use values recommended by each oscillator manufacturer.
Place a feedback resistor between XciN and Xcour if the oscillator manufacturer recommends
placing the resistor externally.

Figure 7.9 Examples of Sub Clock Connection Circuit
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7.3 On-chip Oscillator Clock

This clock is supplied by a variable on-chip oscillator. This clock is used as the clock source for the CPU
and peripheral function clocks. In addition, if the PM22 bit in the PM2 register is “1” (on-chip oscillator clock
for the watchdog timer count source), this clock is used as the count source for the watchdog timer (Refer
to 10.3 Count source protective mode, Watchdog Timer).

The on-chip oscillator after reset oscillates. The on-chip oscillator clock f2(ROC) divided by 16 is used for
the CPU clock. It can also be turned off by setting the CM21 bit in the CM2 register to “0” (main clock or PLL
clock). If the main clock stops oscillating when the CM20 bit in the CM2 register is “1” (oscillation stop, re-
oscillation detection function enabled) and the CM27 bit is “1” (oscillation stop, re-oscillation detection
interrupt), the on-chip oscillator automatically starts operating, supplying the necessary clock for the micro-
computer.

7.4 PLL Clock

The PLL clock is generated from the main clock by a PLL frequency synthesizer. This clock is used as the
clock source for the CPU and peripheral function clocks. After reset, the PLL clock is turned off. The PLL
frequency synthesizer is activated by setting the PLCO7 bit to “1” (PLL operation). When the PLL clock is
used as the clock source for the CPU clock, wait tsu(PLL) for the PLL clock to be stable, and then set the
CM11 bit in the CM1 register to “1”.
Before entering wait mode or stop mode, be sure to set the CM11 bit to “0” (CPU clock source is the main
clock). Furthermore, before entering stop mode, be sure to set the PLCO7 bit in the PLCO register to “0”
(PLL stops). Figure 7.10 shows the procedure for using the PLL clock as the clock source for the CPU.
The PLL clock frequency is determined by the equation below.
PLL clock frequency=f(XIN) X (multiplying factor set by the PLCO02 to PLCOO bits PLCO register
(However, 10 MHz < PLL clock frequency < 24 MHz in M16C/28B, 10 MHz < PLL clock frequency < 20
MHz in M16C/28)
The PLCO02 to PLCOO bits can be set only once after reset. Table 7.2 shows the example for setting PLL
clock frequencies.

Table 7.2 Example for Setting PLL Clock Frequencies

XIN PLCO2 PLCO1 PLCO0 Multiplying factor PLL clock

(MHz) (MHz)®
10 0 0 1 2
5 0 1 0 Z 20

NOTE:
1. 10 MHz < PLL clock frequency < 24 MHz in M16C/28B, 10 MHz < PLL clock frequency < 20 MHz in
M16C/28.
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START

Set the CMO7 bit to “0” (main clock), the CM17 to CM16
bits to “002"(main clock undivided), and the CMO06 bit to “0”
(CM16 and CM17 bits enabled). V)

Set the PLC02 to PLCOO bits (multiplying factor).

(To select a 16 MHz or higher PLL clock)
Set the PM20 bit to “0” (2-wait states).

Set the PLCO7 bit to “1” (PLL operation).

Wait until the PLL clock becomes stable (tsu(PLL)).

Set the CM11 bit to “1” (PLL clock for the CPU clock source).

C

END

)

NOTE:

1. PLL operation mode can be entered from high speed mode.

Figure 7.10 Procedure to

Use PLL Clock as CPU Clock Source
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7.5 CPU Clock and Peripheral Function Clock

The CPU clock is used to operate the CPU and peripheral function clocks are used to operate the periph-
eral functions.

7.5.1 CPU Clock

This is the operating clock for the CPU and watchdog timer.

The clock source for the CPU clock can be chosen to be the main clock, sub clock, on-chip oscillator clock
or the PLL clock.

If the main clock or on-chip oscillator clock is selected as the clock source for the CPU clock, the selected
clock source can be divided by 1 (undivided), 2, 4, 8 or 16 to produce the CPU clock. Use the CMO06 bit in
CMO register and the CM17 to CM16 bits in CM1 register to select the divide-by-n value.

When the PLL clock is selected as the clock source for the CPU clock, the CMO06 bit should be set to “0”
and the CM17 to CM16 bits to “002” (undivided).

After reset, the on-chip oscillator clock divided by 16 provides the CPU clock.

Note that when entering stop mode from high or middle speed mode, on-chip oscillator mode or on-chip
oscillator low power dissipation mode, or when the CMO5 bit in the CMO register is set to “1” (main clock
turned off) in low-speed mode, the CMO06 bit in the CMO register is set to “1” (divide-by-8 mode).

7.5.2 Peripheral Function Clock(f1, f2, fs, f32, f1sio, f2sio, f8sio, f32si0, fAD, fCc32)

These are operating clocks for the peripheral functions.

Of these, fi (i=1, 2, 8, 32) and fisio are derived from the main clock, PLL clock or on-chip oscillator clock
by dividing them by i. The clock fi is used for Timer A, Timer B, SI/O3 and SI/O4 while fiSIO is used for
UARTO to UART2. Additionally, the f1 and f2 clocks are also used for dead time timer, Timer S, multi-
master 12C bus.

The faD clock is produced from the main clock, PLL clock or on-chip oscillator clock, and is used for the A/
D converter.

When the WAIT instruction is executed after setting the CMO02 bit in the CMO register to “1” (peripheral
function clock turned off during wait mode), or when the microcomputer is in low power dissipation mode,
the fi, fisio and fAD clocks are turned off.

The fc32 clock is produced from the sub clock, and is used for timers A and B. This clock can only be used
when the sub clock is on.
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7.6 Power Control

There are three power control modes. In this Chapter, all modes other than wait and stop modes are
referred to as normal operation mode here.

7.6.1 Normal Operation Mode
Normal operation mode is further classified into seven modes.
In normal operation mode, because the CPU clock and the peripheral function clocks both are on, the
CPU and the peripheral functions are operating. Power control is exercised by controlling the CPU clock
frequency. The higher the CPU clock frequency, the greater the processing capability. The lower the CPU
clock frequency, the smaller the power consumption in the chip. If the unnecessary oscillator circuits are
turned off, the power consumption is further reduced.
Before the clock sources for the CPU clock can be switched over, the new clock source to which switched
must be oscillating stably. If the new clock source is the main clock, sub clock or PLL clock, allow a
sufficient wait time in a program until it becomes oscillating stably.
Note that operation modes cannot be changed directly from low power dissipation mode to on-chip oscil-
lator mode or on-chip oscillator dissipation mode. Nor can operation modes be changed directly from on-
chip oscillator mode or on-chip oscillator dissipation mode to low power dissipation mode.
When the CPU clock source is changed from the on-chip oscillator to the main clock, change the opera-
tion mode to the medium speed mode (divided by 8 mode) after the clock was divided by 8 (the CMO06 bit
in the CMO register was set to “1”) in the on-chip oscillator mode.

7.6.1.1 High-speed Mode
The main clock divided by 1 provides the CPU clock. If the sub clock is on, fc32 can be used as the
count source for timers A and B.

7.6.1.2 PLL Operation Mode
The main clock multiplied by 2 or 4 provides the PLL clock, and this PLL clock serves as the CPU
clock. If the sub clock is on, fc32 can be used as the count source for timers A and B. PLL operation
mode can be entered from high speed mode. If PLL operation mode is to be changed to wait or stop
mode, first go to high speed mode before changing.

7.6.1.3 Medium-speed Mode
The main clock divided by 2, 4, 8 or 16 provides the CPU clock. If the sub clock is on, fc32 can be used
as the count source for timers A and B.

7.6.1.4 Low-speed Mode
The sub clock provides the CPU clock. The main clock is used as the clock source for the peripheral
function clock when the CM21 bit is set to “0” (on-chip oscillator turned off), and the on-chip oscillator
clock is used when the CM21 bit is set to “1” (on-chip oscillator oscillating).
The fc32 clock can be used as the count source for timers A and B.

7.6.1.5 Low Power Dissipation Mode
In this mode, the main clock is turned off after being placed in low speed mode. The sub clock provides
the CPU clock. The fc32 clock can be used as the count source for timers A and B. Peripheral function
clock can use only fc32.
Simultaneously when this mode is selected, the CMO06 bit in the CMO register becomes “1” (divided by
8 mode). In the low power dissipation mode, do not change the CMO06 bit. Consequently, the medium
speed (divided by 8) mode is to be selected when the main clock is operated next.
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7.6.1.6 On-chip Oscillator Mode
The selected on-chip oscillator clock divided by 1 (undivided), 2, 4, 8 or 16 provides the CPU clock.
The on-chip oscillator clock is also the clock source for the peripheral function clocks. If the sub clock
is on, fc32 can be used as the count source for timers A and B. The on-chip oscillator frequency can be
selected by the ROCR3 to ROCRO bits in the ROCR registers. When the operation mode is returned
to the high and medium speed modes, set the CMO06 bit to “1” (divided by 8 mode).

7.6.1.7 On-chip Oscillator Low Power Dissipation Mode
The main clock is turned off after being placed in on-chip oscillator mode. The CPU clock can be se-
lected as in the on-chip oscillator mode. The on-chip oscillator clock is the clock source for the peripheral
function clocks. If the sub clock is on, fc32 can be used as the count source for Timers A and B.

Table 7.3 Setting Clock Related Bit and Modes

CM2 register CML1 register CMO register
Modes cMm21 CM11 | CM17,CM16 | CMO7 | CM06 | CMO5 | CMO04
PLL operation mode 0 1 002 0 0 0 —
High-speed mode 0 0 002 0 0 0 —
Medium- | divided by 2 0 0 012 0 0 0 —
fnpggg divided by 4 0 0 102 0 0 0 —
divided by 8 0 0 S 0 1 0 -
divided by 16 0 0 112 0 0 0 —
Low-speed mode — — — 1 — 0 1
Low power dissipation mode — — — 1 1@ 1@ 1
divided by 1 1 — 002 0 0 0 —
On-chip divided by 2 1 — 012 0 0 0 —
?nsgg('eator divided by 4 1 — 102 0 0 0 —
@) divided by 8 1 — — 0 1 0 —
divided by 16 1 — 112 0 0 0 —
On-chip oscillator low power 1 — @ 0 @) 1 —
dissipation mode

NOTES:
1. When the CMO5 bit is set to "1" (main clock turned off) in low-speed mode, the mode goes to low power
dissipation mode and CMO6 bit is set to "1" (divided by 8 mode) simultaneously
2. The divide-by-n value can be selected the same way as in on-chip oscillator mode.
3. On-chip oscillator frequency can be any of those described in the section 7.6.1.6 On-chip Oscillator Mode.

7.6.2 Wait Mode
In wait mode, the CPU clock stops running. The CPU and the watchdog timer, operated by the CPU
clock, also stop. However, if the PM22 bit in the PM2 register is “1” (on-chip oscillator clock for the
watchdog timer count source), the watchdog timer remains active. Because the main clock, sub clock and
on-chip oscillator clock all are on, the peripheral functions using these clocks keep operating.
7.6.2.1 Peripheral Function Clock Stop Function
If the CMO2 bit is “1” (peripheral function clocks turned off during wait mode), the f1, f2, fs, f32, fisio,
f2s10, f8s10, f32s10 and fAD clocks stop running in wait mode, with the power consumption reduced that
much. However, fc32 remains on.
7.6.2.2 Entering Wait Mode
The microcomputer is placed into wait mode by executing the WAIT instruction.
When the CM11 bit is set to “1” (CPU clock source is the PLL clock), be sure to clear the CM11 bit to
“0” (CPU clock source is the main clock) before going to wait mode. The power consumption of the
chip can be reduced by clearing the PLCO7 bit to “0” (PLL stops).
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7.6.2.3 Pin Status During Wait Mode
The I/O port pins retain their status held just prior to wait mode.

7.6.2.4 Exiting Wait Mode
The microcomputer is moved out of wait mode by a hardware reset, NMI interrupt or peripheral func-
tion interrupt.
If the microcomputer is to be moved out of exit wait mode by a hardware reset or NMI interrupt, set the
peripheral function interrupt priority ILVL2 to ILVLO bits to “0002” (interrupts disabled) before execut-
ing the WAIT instruction.
The peripheral function interrupts are affected by the CMO02 bit. If CMO02 bit is set to “0” (peripheral
function clocks not turned off during wait mode), peripheral function interrupts can be used to exit wait
mode. If CMO02 bit is set to “1” (peripheral function clocks turned off during wait mode), the peripheral
functions using the peripheral function clocks stop operating, so that only the peripheral functions
clocked by external signals can be used to exit wait mode.
Table 7.4 lists the interrupts to exit wait mode.

Table 7.4 Interrupts to Exit Wait Mode

Interrupt CM02=0 CM02=1

NMI interrupt Can be used Can be used

Serial I/O interrupt Can be used when operating Can be used when operating

with internal or external clock with external clock

Multi-Master 12C Can be used — (Do not use)

interrupt

key input interrupt Can be used Can be used

A/D conversion Can be used in one-shot mode | — (Do not use)

interrupt or single sweep mode

Timer A interrupt Can be used in all modes Can be used in event counter

Timer B interrupt mode or when the count
source is fC32

Timer S interrupt Can be used in all modes — (Do not use)

INT interrupt Can be used Can be used

If the microcomputer is to be moved out of wait mode by a peripheral function interrupt, set up the
following before executing the WAIT instruction.
1. Inthe ILVL2 to ILVLO bits of interrupt control register, set the interrupt priority level of the periph
eral function interrupt to be used to exit wait mode.
Also, for all of the peripheral function interrupts not used to exit wait mode, set the ILVL2 to ILVLO
bits to “0002” (interrupt disable).
2. Set the I flag to “1".
3. Enable the peripheral function whose interrupt is to be used to exit wait mode.
In this case, when an interrupt request is generated and the CPU clock is thereby turned on, an
interrupt routine is executed.
The CPU clock turned on when exiting wait mode by a peripheral function interrupt is the same CPU
clock that was on when the WAIT instruction was executed.
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7.6.3 Stop Mode

In stop mode, all oscillator circuits are turned off, so are the CPU clock and the peripheral function clocks.
Therefore, the CPU and the peripheral functions clocked by these clocks stop operating. The least
amount of power is consumed in this mode. If the voltage applied to Vcc pin is VRAM or more, the internal
RAM is retained. When applying 2.7 or less voltage to Vcc pin, make sure Vcc=VRAM.
However, the peripheral functions clocked by external signals keep operating. The following interrupts
can be used to exit stop mode.
« NMI interrupt
» Key interrupt
« INT interrupt
» Timer A, Timer B interrupt (when counting external pulses in event counter mode)
« Serial I/0O interrupt (when external clock is selected)
* Low voltage detection interrupt (refer to 5.5.1 Low voltage Detection Interrupt for an operating condition)
7.6.3.1 Entering Stop Mode
The microcomputer is placed into stop mode by setting the CM10 bit in the CM1 register to “1” (all
clocks turned off). At the same time, the CMO06 bit in the CMO register is set to “1” (divide-by-8 mode)
and the CM15 bit in the CM1 register is set to “1” (main clock oscillator circuit drive capability high).
Before entering stop mode, set the CM20 bit to “0” (oscillation stop, re-oscillation detection function
disable).
Also, if the CM11 bit is “1” (PLL clock for the CPU clock source), set the CM11 bit to “0” (main clock for
the CPU clock source) and the PLCO7 bit to “0” (PLL turned off) before entering stop mode.
7.6.3.2 Pin Status during Stop Mode
The I/O pins retain their status held just prior to entering stop mode.
7.6.3.3 Exiting Stop Mode
The microcomputer is moved out of stop mode by a hardware reset, NMI interrupt or peripheral func-
tion interrupt.
If the microcomputer is to be moved out of stop mode by a hardware reset or NMI interrupt, set the
peripheral function interrupt priority ILVL2 to ILVLO bits to “0002” (interrupts disable) before setting the
CM10 bit to “1".
If the microcomputer is to be moved out of stop mode by a peripheral function interrupt, set up the
following before setting the CM10 bit to “1”".
1. Inthe ILVL2 to ILVLO bits of interrupt control register, set the interrupt priority level of the peripheral
function interrupt to be used to exit stop mode.
Also, for all of the peripheral function interrupts not used to exit stop mode, set the ILVL2 to ILVLO
bits to “0002".
2. Set the | flag to “1".
3. Enable the peripheral function whose interrupt is to be used to exit stop mode.
In this case, when an interrupt request is generated and the CPU clock is thereby turned on, an
nterrupt service routine is executed.
Which CPU clock will be used after exiting stop mode by a peripheral function or NMI interrupt is
determined by the CPU clock that was on when the microcomputer was placed into stop mode as
follows:
If the CPU clock before entering stop mode was derived from the sub clock: sub clock
If the CPU clock before entering stop mode was derived from the main clock: main clock divide-by-8
If the CPU clock before entering stop mode was derived from the on-chip oscillator clock: on-chip
oscillator clock divide-by-8
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7. Clock Generation Circuit

Figure 7.11 shows the state transition from normal operation mode to stop mode and wait mode. Figure
7.12 shows the state transition in normal operation mode.
Table 7.5 shows a state transition matrix describing allowed transition and setting. The vertical line
shows current state and horizontal line shows state after transition.

CMO07=0
CM06=1
CMO05=0
CM11=0
CM10=1
®)

Normal operation mode

CPU operation stopped

= Wait mode)

> wait mode)

> Wait mode)

> Wait mode )

> Wait mode )

All oscillators stopped WAIT
M10=1(6) " instructi
ﬁc —7 Medium-speed mode P nstruction
—» Stop mode — » (divided-by-8 mode) < |
nterru
P /V A A nterrupt
Interrupt
/ v WAIT
P P~ : . instruction
Stop mode ¢ 7 High-speed, medium- g
CM10=1(6) j:)jed mode =] Interrupt
T 12
v
PLL operation
mode WAIT
‘CM10:1(6) v v instruction
Stop mode |- > Low-speed mode )<
Interrupt —K x /; Interrupt
o WAIT
ACMlO:l(G) instruction
Stop mode )~ ;( Low power dissipation mode )4
Interrupt Interrupt
CM21=0 CM21=1
WAIT
CM10=16) instruction
Stop mode | N O_n—_chlp_ oscillator low power )‘
Interrupt® » dissipation mode < Interrupt
A A
v
A
On-chip oscillator mode
(selectable frequency) WAIT
CM10=1(6) A instruction
Stopmode |1 <
Interrupt(4) Interrupt
N
On-chip oscillator
mode (f,(ROC)/16)
A

CMO05, CM06, CMO7: Bits in the CMO register
CM10, CM11: Bits in the CM1 register

Reset

—J : Arrow shows mode can be changed. Do not change mode to another mode when no arrow is shown.

NOTES:

agrwnE

Do not go directly from PLL operation mode to wait or stop mode.
PLL operation mode can be entered from high speed mode. Similarly, PLL operation mode can be changed back to high speed mode.
When the PM21 bit is set to "0" (system clock protective function unused).
The on-chip oscillator clock divided by 8 provides the CPU clock.

Write to the CMO register and CML1 register simultaneously by accessing in word units while CM21 bit is set to 0" (on-chip oscillator

turned off). When the clock generated externally is input to the XCIN pin, transit to stop mode with this process.

o

function disabled).

~

The CMO06 bit is set to "1" (divide-by-8).

=gy

Before entering stop mode, be sure to clear the CM20 bit in the CM2 register to "0" (oscillation stop and oscillation restart detection

Figure 7.11 State Transition to Stop Mode and Wait Mode
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Main clock oscillation

On-chip oscillator clock
oscillation

On-chip oscillator low power

Sub clock oscillation

PLL operation mode . | Middie-speed mode Middle-speed mode  Middle-speed mode Middle-speed mode: On-chip oscillator mode
"CLNCIff:f High-speed mode | (divide by 2) (divide by 4) (divide by 8) (divide by 16) d dissipation mode
CPU clock: f(PLL) B CM21=0 CPU clock e CPU clock
©) CPU clock: f(xin) \ | (" CPU clock: f(xn)2 CPU clock: (Xi)/4 CPU clock: (X8 CPU dlock: {(Xn)/16 2.0 {ROG) CM05=0 fhubie
cmor=0 || CMO7=0 CM07=0 cMoT=0 CM07=0 {(ROC)2 f(ROC)/2
| CM06=0 CM06=0 f(ROC)/4 f(ROC)4
- 1 » B - f(ROC)/8 (ROC)/8
PLCO7=0 CM17=0 CM17=1 CMO5=1
= = = (ROC)/16 f(ROC)/16
CML /) cmii=o | CM16-1 CMO06=1 oM161 CM21=1 (ROC) s (ROC)/
(5) |
CMo4=1 CM04=0 CMo4=1 CM04=0 CMo4=1 CM04=0| CMo4=1 CM04=0
On-chip oscillator
PLL operati -
y Cusopeaion ) Middle-speed mode  Middie-speed mode _ Middle-speed mode _ Middie-speed mode ¥ On-chip oscilator Yo ode
PLCO7=1 High-speed mode | (divide by 2) (divide by 4) (divide by 8) (divide by 16) =
CPU clock: f(PLL) CM11=1 1 CM21=0 CPU clock CPU clock
5) CPU clock: f(XiN) CPU clock: f(XiN)2 CPU clock: f(XiN)/4 CPU clock: f(XIN)/8 CPU clock: f(XIN)/16 (6) (ROC) CMo5=0 (ROC)
CMo | 07=0 CM07=0 cMoT=0 CM07=0 {(ROC)2 f(ROC)/2
> cmos=0 || CM06=0 CM06=0 B CM06=0 f(ROC)/4 f(ROC)/4
PLC07=0 . | » _ - f(ROC)/8 ! (ROC)/8
CM11=0 CM17=0 1 Cm17=0 CM17=1 CM06=1 CM17=1 CM21=1 f(ROC)/16 f(ROC)/16
© CM16=0 cM16=1 CM16=0 CM16=1
| CMo5=1
@
cMo7=1 CM07=0 cMmo7=1 CMO7=0
®) 2.4) ®) @)
Low-speed
Low-speed mode CM21=0 mode
e
CPU clock: f(XciN) CPU clock: f(Xcin)
CM07=0 CMo!
cM21=1
CMO5=1 CM05=0
€7
Low power dissipation mode
CPU clock: f(XciN)
CM07=0

—=: Arrow shows mode can be changed. Do not change mode to another mode when no arrow is shown.
NOTES:
1. Avoid making a transition when the CM20 bit is set to 1 (oscillation stop, re-oscillation detection function enabled).
Set the CM20 bit to 0 (oscillation stop, re-oscillation detection function disabled) before transiting.
Wait for the main clock oscillation stabilization time before switching over.
Switch clock after oscillation of sub-clock is sufficiently stable.
Change bits CM17 and CM16 before changing the CMO06 bit.

oA wN

Set the PM20 bit to 0 (2 waits) when PLL clock > 16MHz.
Set the CMO6 bit to 1 (division by 8 mode) before changing back the operation mode from on-chip oscillator mode to high- or middle-speed mode.

No

CM15 bit is fixed to 1 (drive capability High).

The PM20 bit in the PM2 register becomes effective when the PLCO7 bit in the PLCO register is set to 1 (PLL on). Change the PM20 bit when the PLCO7 bit is set to 0 (PLL off).

. When the CM21 bit is set to 0 (on-chip oscillator turned off) and the CMO5 bit is set to 1 (main clock turned off), the CMO06 bit is fixed to 1 (divide-by-8 mode) and the

Figure 7.12 State Transition in Normal Mode
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Table 7.5 Allowed Transition and Setting

State after transition
. . g . On-chip oscillator
i speea ] 12 oo mo0e e e | mose | mode | lowponer | siop mate Wit mode
High-speed mode, 7 3 1
mli%dlél-)se:eedm:n:de 8 (9) - (13) (15) - (16) (17)
) 2
Low-speed mode (8) (11)1, 6 - (8) - (16)1 (17)
8 bocm:ower dissipation B (10) B B _ (16)1 (17)
@
» PLL operation mode? (12)3
% - - - - - -
= On-chip oscillator mode 4 7 1 1
5 (14) 9) - - 8 (11) (16) 17)
On-chif illat
low power dlisipation - - - - (10) 8 (16)! (17)
mode
Stop mode (18)5 (18) (18) _ (18)5 (18)5 _
Wattmode (18) (18) (18) - (18) (18) -
NOTES: -~ Cannot transit

1. Avoid making a transition when the CM20 bit is set to “1” (oscillation stop, re-oscillation detection function enabled).
Set the CM20 bit to “0” (oscillation stop, re-oscillation detection function disabled) before transiting.

2. On-chip oscillator clock oscillates and stops in low-speed mode. In this mode, the on-chip oscillator can be used as peripheral function clock.
Sub clock oscillates and stops in PLL operation mode. In this mode, sub clock can be used as a clock for the timers A and B.

3. PLL operation mode can only be entered from and changed to high-speed mode.

4. Set the CMO6 bit to “1” (division by 8 mode) before transiting from on-chip oscillator mode to high- or middle-speed mode.

5. When exiting stop mode, the CMO6 bit is set to “1” (division by 8 mode).

6. If the CMO5 bit is set to “1” (main clock stop), then the CMO06 bit is set to “1” (division by 8 mode).

7. Atransition can be made only when sub clock is oscillating.

8. State transitions within the same mode (divide-by-n values changed or subclock oscillation turned on or off) are shown in the table below.

Sub clock oscillating Sub clock turned off
No Divided | Divided | Divided | Divided | No Divided | Divided | Divided |Divided
division | by 2 by 4 by 8 by 16 division | by 2 by 4 by 8 by 16
No division 4) (5) 7 (6) 1) - - - -
o oPvidedby2 | (3) ® o6 |- o |- - |-
2 &|Dividedby 4 | (3) 4) 7) (6) - - 1) - -
3 @loividedbys | (3) ) (5) (6) - - - (1) -
Divided by 16|  (3) 4) (5) ) - -- -- -- 1)
No division 2) - -- - - 4) (5) (7) (6)
% 5 Divided by 2 - 2) - - - 3) (5) (7) (6)
o
E g Divided by 4 - - (2) -- - 3) 4) 7) (6)
& 3|Divided by8 | - - - @ - ©)] @ |16 (6)
Divided by 16| - - - -- () ®3) @ |G Q)
. . --: Cannot transit
9. () : setting method. Refer to following table.
Setting Operation
CMO04, CMO05, CM06, CMO07 : Bits in the CMO register
1) CM04 =0 Sub clock turned off CM10, CM11, CM16, CM17 : Bits in the CM1 register
CM20, CM21 : Bits in the CM2 register
) CM04 =1 Sub clock oscillating PLCO7 : Bits in the PLCO register
3) CMNCQAgG ESI‘IG = 0| CPU clock no division mode
4 CMS"!%G =C°I\)I16 _ 1| CPU clock division by 2 mode
(5) CM1(7:’!|016 =C(:;I16 =o|CPV clock division by 4 mode
(6) CMNCiAfG (::’316 _1|CPU clock division by 16 mode
(@) CMO06 = 1 CPU clock division by 8 mode
_ Main clock, PLL clock,
®) Cmo7=0 or on-chip oscillator clock selected
) CMO07 =1 Sub clock selected
(10), CMO5 =0 Main clock oscillating
(11) CMO05 =1 Main clock turned off
(12) %ﬁff::' Main clock selected
PLCO7 =1,
(13), CMil=1 PLL clock selected
(14) CM21=0 Main clock or PLL clock selected
(15), CMm21=1 On-chip oscillator clock selected
(16), CM10=1 Transition to stop mode
(17), wait instruction Transition to wait mode
(18) Hardware interrupt | Exit stop mode or wait mode
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7.7 System Clock Protective Function

When the main clock is selected for the CPU clock source, this function protects the clock from modifica-
tions in order to prevent the CPU clock from becoming halted by run-away.
If the PM21 bit in the PM2 register is set to “1” (clock modification disabled), the following bits are protected
against writes:

* CM02, CMO05, and CMO07 bits in CMO register

» CM10, CM11 bits in CM1 register

* CM20 bit in CM2 register

« All bits in PLCO register

Before the system clock protective function can be used, the following register settings must be made while
the CMO5 bit in the CMO register is “0” (main clock oscillating) and CMO7 bit is “0” (main clock selected for
the CPU clock source):

(1) Set the PRC1 bit in the PRCR register to “1” (enable writes to PM2 register).

(2) Set the PM21 bit in the PM2 register to “1” (disable clock modification).

(3) Set the PRC1 bit in the PRCR register to “0” (disable writes to PM2 register).

Do not execute the WAIT instruction when the PM21 bit is “1”.

7.8 Oscillation Stop and Re-oscillation Detect Function

The oscillation stop and re-oscillation detect function detects the re-oscillation after stop of main clock
oscillation circuit. When the oscillation stop and re-oscillation detection occurs, the oscillation stop detect
function is reset or oscillation stop and re-oscillation detection interrupt is generated, depending on the
CM27 bit set in the CM2 register. The oscillation stop detect function is enabled or disabled by the CM20 bit
in the CM2 register. Table 7.6 lists a specification overview of the oscillation stop and re-oscillation detect
function.

Table 7.6 Specification Overview of Oscillation Stop and Re-oscillation Detect Function
Item Specification
Oscillation stop detectable clock and | f(Xin) = 2 MHz
frequency bandwidth
Enabling condition for oscillation stop, | Set CM20 bit to “1"(enable)
re-oscillation detection function
Operation at oscillation stop, *Reset occurs (when CM27 bit is set to "0")
re-oscillation detection *Oscillation stop, re-oscillation detection interrupt occurs(when
CM27 bit is set to "1")
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7.8.1 Operation when CM27 bit is set to "0" (Oscillation Stop Detection Reset)
When main clock stop is detected when the CM20 bit is “1” (oscillation stop, re-oscillation detection
function enabled), the microcomputer is initialized, coming to a halt (oscillation stop reset; refer to 4. SFR
and 5. Reset).

This status is reset with hardware reset 1 or hardware reset 2. Also, even when re-oscillation is detected,
the microcomputer can be initialized and stopped,; it is, however, necessary to avoid such usage. (During
main clock stop, do not set the CM20 bit to “1” and the CM27 bit to “0".)

7.8.2 Operation when CM27 bit is set to "1" (Oscillation Stop and Re-oscillation Detect
Interrupt)

When the main clock corresponds to the CPU clock source and the CM20 bit is “1” (oscillation stop and
re-oscillation detect function enabled), the system is placed in the following state if the main clock comes
to a halt:

* Oscillation stop and re-oscillation detect interrupt request occurs.

» The on-chip oscillator starts oscillation, and the on-chip oscillator clock becomes the CPU clock and

clock source for peripheral functions in place of the main clock.

» CM21 hit is set to "1" (on-chip oscillator clock for CPU clock source)

* CM22 bit is set to "1" (main clock stop detected)

* CM23 hit is set to "1" (main clock stopped)

When the PLL clock corresponds to the CPU clock source and the CM20 bit is “1”, the system is placed
in the following state if the main clock comes to a halt: Since the CM21 bit remains unchanged, set it to “1”
(on-chip oscillator clock) inside the interrupt routine.

* Oscillation stop and re-oscillation detect interrupt request occurs.

* CM22 hit is set to "1" (main clock stop detected)

* CM23 bit is set to "1" (main clock stopped)

» CM21 bit remains unchanged

When the CM20 bit is set to "1", the system is placed in the following state if the main clock re-oscillates
from the stop condition:

» Oscillation stop and re-oscillation detect interrupt request occurs.

* CM22 bit is set to "1" (main clock re-oscillation detected)

* CM23 hit is set to "0" (main clock oscillation)

» CM21 bit remains unchanged
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7.8.3 How to Use Oscillation Stop and Re-oscillation Detect Function

* The oscillation stop and re-oscillation detect interrupt shares the vector with the watchdog timer inter-
rupt. If the oscillation stop, re-oscillation detection and watchdog timer interrupts both are used, read
the CM22 bit in an interrupt routine to determine which interrupt source is requesting the interrupt.

» Where the main clock re-oscillated after oscillation stop, return the main clock to the CPU clock and
peripheral function clock source in the program. Figure 7.13 shows the procedure for switching the
clock source from the on-chip oscillator to the main clock.

* Simultaneously with oscillation stop, re-oscillation detection interrupt occurrence, the CM22 bit be
comes “1". When the CM22 bit is set at “1”, oscillation stop, re-oscillation detection interrupt are dis-
abled. By setting the CM22 bit to “0” in the program, oscillation stop, re-oscillation detection interrupt
are enabled.

« If the main clock stops during low speed mode where the CM20 bit is “1”, an oscillation stop, re-oscilla-
tion detection interrupt request is generated. At the same time, the on-chip oscillator starts oscillating. In
this case, although the CPU clock is derived from the sub clock as it was before the interrupt occurred,
the peripheral function clocks now are derived from the on-chip oscillator clock.

* To enter wait mode while using the oscillation stop, re-oscillation detection function, set the CMO02 bit to
“0” (peripheral function clocks not turned off during wait mode).

» Since the oscillation stop, re-oscillation detection function is provided in preparation for main clock stop
due to external factors, set the CM20 bit to “0” (Oscillation stop, re-oscillation detection function dis
abled) where the main clock is stopped or oscillated in the program, that is where the stop mode is
selected or the CMOS5 bit is altered.

* This function cannot be used if the main clock frequency is 2 MHz or less. In that case, set the CM20 bit
to “0".

C Switch to the main clock )

Determine several times whether
the CM23 bit is set to "0"
(main clock oscillates)

Set the CMO6 bit to "1"
(divide-by-8 mode)

Set the CM22 bit to "0"
("oscillatin stop, re-oscillation" not detected)

Set the CM21 bit to "0"
(main clock or PLL clock)

»|
Lt}

CMO06 bit : Bit in the CMO Register
( End ) CM23 to CM21 bits : Bits in the CM2 Register

NOTES:
1. If the clock source for CPU clock is to be changed to PLL clock, set to PLL operation
mode after set to high-speed mode.

Figure 7.13 Switching Procedure from On-chip Oscillator to Main Clock
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8. Protection

In the event that a program runs out of control, this function protects the important registers so that they will
not be rewritten easily. Figure 8.1 shows the PRCR register. The following lists the registers protected by
the PRCR register.

* Registers protected by PRCO bit: CM0, CM1, CM2, LPCC1, PLCO, ROCR and PCLKR registers

* Registers protected by PRC1 bit: PMO, PM1, PM2, TB2SC, INVCO and INVCL1 registers

* Registers protected by PRC2 bit: PD9 , PACR, S4C and NDDR registers

* Registers protected by PRC3 bit: VCR2 and D4INT registers

The PRC2 bit is set to "0" (write enabled) if data is written to the SFR area after setting the PRC2 bit to "1"
(write enable). Set the PD9, PACR, S4C and NDDR registers immediately after setting the PRC2 bit in the
PRCR register to "1" (write enable). Do not generate an interrupt or a DMA transfer between the instruction
to set the PRC2 bit to "1" and the following instruction. The PRCO, PRC1 and PRC3 bits are not set to "0"
even if data is written to the SFR area. Set the PRCO, PRC1 and PRC3 bits to "0" by program.

8. Protection

Protect Register

b7 b6 b5 b4 b3 b2 bl b0

olo Symbol Address After Reset
|><|><| : | , | , | , | , | | PRCR 000A16  XX0000002
oo Bit Symbol Bit Name Function RW
A _ Enable write to CMO, CM1, CM2,
A A s Protect Bit 0 LPCC1, ROCR, PLCO and PCLKR
P registers RW

0 : Write protected
1 : Write enabled

Vo Enable write to PMO, PM1, PM2,
A PRC1 Protect Bit 1 TB2SC, INVCO and INVC1
[ registers RW

0 : Write protected
1 : Write enabled

: Enable write to PD9, PACR
[ PRC2 Protect Bit 2 and S4C registers

0 : Write protected
1 : Write enabled ()

Enable write to VCR2 and D4INT

femmee e PRC3 Protect Bit 3 registers
) RW
0 : Write protected

1: Write enabled

e (b5-bd) Reserved Bit Set to "0" RW

Nothing is assigned. When write, set to "0". When read, its
(b7-b6) content is indeterminate.

NOTE:
1. The PRC2 bhit is set to "0" if data is written to the SFR area after the PRC2 bit is set to "1". The
PRCO, PRC1 and PRC3 bits are not automatically set to "0". Set them to "0" by program.

Figure 8.1 PRCR Register
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9. Interrupts

Note

The S1/O4 interrupt of peripheral function interrupt is not available in the 64-pin package.

9.1 Type of Interrupts

Figure 9.1 shows types of interrupts.

[] Undefined instruction (UND instruction)
Software % Overflow (INTO instruction)
[] (Non-maskable interrupt) [] BRKinstruction
M [] INT instruction
D —_—
[l 0 M
Interrupt [] [] DBC®
% [] watchdog timer
B [] Special [l oscillation stop and re-oscillation
0 E (Non-maskable interruptg detection
N Hardware ] [] Low voltage detection
i [] Single step @
0 [l Address match
[
[] Peripheral function @
(Maskable interrupt)
NOTES:
1. Peripheral function interrupts are generated by the microcomputer's internal functions.
2. Do not normally use this interrupt because it is provided exclusively for use by development tools.

Figure 9.1 Interrupts

» Maskable Interrupt: An interrupt which can be enabled (disabled) by the interrupt enable flag (I flag) or
whose interrupt priority can be changed by priority level.
» Non-maskable Interrupt: An interrupt which cannot be enabled (disabled) by the interrupt enable flag
(I flag) or whose interrupt priority cannot be changed by priority level.
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9.1.1 Software Interrupts
A software interrupt occurs when executing certain instructions. Software interrupts are non-maskable
interrupts.
9.1.1.1 Undefined Instruction Interrupt
An undefined instruction interrupt occurs when executing the UND instruction.

9.1.1.2 Overflow Interrupt
An overflow interrupt occurs when executing the INTO instruction with the O flag set to “1” (the opera-
tion resulted in an overflow). The following are instructions whose O flag changes by arithmetic: ABS,
ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, SUB

9.1.1.3 BRK Interrupt
A BRK interrupt occurs when executing the BRK instruction.

9.1.1.4 INT Instruction Interrupt

An INT instruction interrupt occurs when executing the INT instruction. Software interrupt numbers 0
to 63 can be specified for the INT instruction. Because software interrupt numbers 4 to 31 are as-
signed to peripheral function interrupts, the same interrupt routine as for peripheral function interrupts
can be executed by executing the INT instruction.

In software interrupt Nos. 0 to 31, the U flag is saved to the stack during instruction execution and is
cleared to “0” (ISP selected) before executing an interrupt sequence. The U flag is restored from the
stack when returning from the interrupt routine. In software interrupt numbers 32 to 63, the U flag does
not change state during instruction execution, and the SP then selected is used.
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9.1.2 Hardware Interrupts
Hardware interrupts are classified into two types — special interrupts and peripheral function interrupts.
9.1.2.1 Special Interrupts
Special interrupts are non-maskable interrupts.

9.1.2.1.1 NMI Interrupt
An NMl interrupt is generated when input on the NMI pin changes state from high to low. For details
about the NMI interrupt, refer to the section 9.7 NMI interrupt.

9.1.2.1.2 DBC Interrupt
This interrupt is exclusively for debugger, do not use in any other circumstances.

9.1.2.1.3 Watchdog Timer Interrupt
Generated by the watchdog timer. Once a watchdog timer interrupt is generated, be sure to initialize
the watchdog timer. For details about the watchdog timer, refer to 10. Watchdog Timer.

9.1.2.1.4 Oscillation Stop and Re-oscillation Detection Interrupt
Generated by the oscillation stop and re-oscillation detection function. For details about the oscilla-
tion stop and re-oscillation detection function, refer to the section 7. Clock Generating Circuit.

9.1.2.1.5 Low Voltage Detection Interrupt
Generated by the voltage detection circuit. For details about the voltage detection circuit, refer to 5.5
Voltage Detection Circuit.

9.1.2.1.6 Single-step Interrupt
Do not normally use this interrupt because it is provided exclusively for use by development support
tools.

9.1.2.1.7 Address Match Interrupt
An address match interrupt is generated immediately before executing the instruction at the address
indicated by the RMADO or RMADL register, if the corresponding enable bit (the AIERO or AIER1bit
in the AIER register) is set to “1”. For details about the address match interrupt, refer to 9.9 Address
Match Interrupt.

9.1.2.2 Peripheral Function Interrupts
Peripheral function interrupts are maskable interrupts and generated by the microcomputer's internal
functions. The interrupt sources for peripheral function interrupts are listed in Table 9.2 Relocatable
Vector Tables. For details about the peripheral functions, refer to the description of each peripheral
function in this manual.
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9.2 Interrupts and Interrupt Vector
One interrupt vector consists of 4 bytes. Set the start address of each interrupt routine in the respective
interrupt vectors. When an interrupt request is accepted, the CPU branches to the address set in the
corresponding interrupt vector. Figure 9.2 shows the interrupt vector.

MSB LSB

Vector address (L) Low-order address

Middle-order address

0000 High address

Vector address (H) 0000 0000

Figure 9.2 Interrupt Vector

9.2.1 Fixed Vector Tables
The fixed vector tables are allocated to the addresses from FFFDC16 to FFFFF16. Table 9.1 lists the
fixed vector tables. In the flash memory version of microcomputer, the vector addresses (H) of fixed
vectors are used by the ID code check function. For details, refer to 17.3 Flash Memory Rewrite Dis-
abling Function.

Table 9.1 Fixed Vector Tables

Interrupt source Vector table addresses Remarks Reference
Address (L) to address (H)
Undefined instruction| FFFDC16 to FFFDF16 | Interrupt on UND instruction M16C/60, M16C/20
Overflow FFFEO16 to FFFE316 | Interrupt on INTO instruction serise software

BRK instruction FFFE416 to FFFE716 | If the contents of address | maual
FFFE716 is FF16, program ex-
ecution starts from the address
shown by the vector in the
relocatable vector table.

Address match FFFE816 to FFFEB16 Address match interrupt
Single step (1) FFFEC16 to FFFEF16
Watchdog timer, FFFFO16 to FFFF316 Watchdog timer
Oscillation stop and
re-oscillation detection, Clock generating circuit
Low voltage
detection Voltage detection circuit
DBC (1) FFFF416 to FFFF716
NMI FFFF816 to FFFFB16 NMI interrupt
Reset (2) FFFFCi6 to FFFFF16 Reset
NOTES:

1. Do not normally use this interrupt because it is provided exclusively for use by development tools.
2. The b3 to b0 in the address FFFFF16 are reserved bits. Set them to "11112".
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9.2.2 Relocatable Vector Tables
The 256 bytes beginning with the start address set in the INTB register comprise a reloacatable vector
table area. Table 9.2 lists the relocatable vector tables. Setting an even address in the INTB register

results in the interrupt sequence being executed faster than in the case of odd addresses.

Table 9.2 Relocatable Vector Tables

Interrupt source Vector address (1) Software interrupt Reference
Address (L) to address (H) number

BRK instruction (5) +0 to +3 (000016 to 000316) 0 M16C/60, M16C/20
— (Reserved) 1t03 ﬁqearfljsalsoﬁware
INT3 +16 to +19 (001016 to 001316) 4 INT interrupt
IC/OC interrupt 0 +20 to +23 (0014 16 to 001716) 5 Timer S
IC/OC interrupt 1, 12C bus interface @ 24 10 +27 (001816 to 001B16) 6 Timgr s 2
IC/OC base timer, ScL/Spa @ *28 10 +31 (001C16 to 001F15) 7 mgﬁ:‘_a’\ggsmr ebue
S04, INT5 @ +32 to +35 (0020 16 to 002316) 8 NT interrupt
SI/03, INT4 (2 +36 to +39 (0024 16 to 0027 16) 9 Serial /0

UART 2 bus collision detection (6) +40 to +43 (002816 to 002B16) 10 Serial I/O

DMAO +44 to +47 (002C 16 to 002F 16) 11

DMA1 +48 to +51 (003016 to 003316) 12 DMAC

Key input interrupt +52 to +55 (003416 to 003716) 13 Key input interrupt
AD +56 to +59 (0038 16 to 003B16) 14 A/D convertor
UART2 transmit, NACK2 (3) +60 to +63 (003C 16 to 003F 16) 15

UART?2 receive, ACK2 3) +64 to +67 (004016 to 004316) 16

UARTO transmit +68 to +71 (004416 to 004716) 17

UARTO receive +72 to +75 (0048 16 to 004B16) 18 Serial /0

UART1 transmit +76 to +79 (004C 16 to 004F16) 19

UARTL receive +80 to +83 (005016 to 005316) 20

Timer AO +84 to +87 (005416 to 005716) 21

Timer Al +88 to +91 (0058 16 to 005B16) 22

Timer A2 +92 to +95 (005C 16 to 005F 16) 23

Timer A3 +96 to +99 (006016 to 006316) 24 _

Timer Ad +100 to +103 (0064 16 to 006716) 25 Timer

Timer BO +104 to +107 (0068 16 to 006B16) 26

Timer B1 +108 to +111 (006C 16 to 006F16) 27

Timer B2 +112 to +115 (0070 16 to 007316) 28

INTO +116 to +119 (0074 16 to 0077 16) 29

INT1 +120 to +123 (0078 16 to 007B16) 30 INT interrupt

INT2 +124 to +127 (007C 16 to 007F16) 31

+128 to +131 (0080 16 to 008316) 32 M16C/60, M16C/20
Software interrupt ® to to series software
+252 to +255 (O0FC 16 to 00FF16) 63 manual

NOTES:

1. Address relative to address in INTB.

2. Use the IFSR6 and IFSRY7 bits in the IFSR register to select.
3. During 12C bus mode, NACK and ACK interrupts comprise the interrupt source.
4. Use the IFSR26 and IFSR27 bits in the IFSR2A register to select.
5. These interrupts cannot be disabled using the | flag.

6. Bus collision detection:

During IEBus mode, this bus collision detection constitutes the cause of an interrupt.
During 12C bus mode, however, a start condition or a stop condition detection constitutes the cause of an interrupt.
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9.3 Interrupt Control

The following describes how to enable/disable the maskable interrupts, and how to set the priority in which
order they are accepted. What is explained here does not apply to nonmaskable interrupts.

Use the | flag in the FLG register, IPL, and ILVL2 to ILVLO bits in each interrupt control register to enable/
disable the maskable interrupts. Whether an interrupt is requested is indicated by the IR bit in each interrupt
control register.

Figure 9.3 shows the interrupt control registers.

Also, the following interrupts share a vector and an interrupt control register.

sINT4 and SIO3

sINT5 and SI04

*IC/OC base timer and SCL/SbA

*IC/OC interrupt 1 and I2C BUS interface

An interrupt request is set by the IFSR6, IFSR7 bits in the IFSR register and the IFSR26 and IFSR27 bits in
the IFSR2A register. Figure 9.4 shows the IFSR, IFSR2A registers.
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Interrupt Control Register (2)

Symbol Address After Reset
ICOCO 004516 XXXXX0002
ICICOCLIC, IICIC (3) 004616 XXXXX0002
BTIC, SCLDAIC (3) 004716 XXXXX0002
BCNIC 004A16 XXXXX0002
DMOIC, DM1IC 004B16, 004C16 XXXXX0002
KUPIC 004D16 XXXXX0002
ADIC 004Ez1s XXXXX0002
SOTIC to S2TIC 005116, 005316, 004F16 XXXXX0002
b7 b6 b5 b4 b3 b2 bl b0 SORIC to S2RIC 005216, 005416, 005016 XXXXX0002
|><|><|><|><| | | | | TAOIC to TA4IC 005516 to 005916 XXXXX0002
~ANN L TBOIC to TB2IC 005A16 to 005C16 XXXXX0002
Bit Symbol Bit Name Function RW
Pl b2 b1 60
A ILVLO 00 0: Level O (interrupt disabled) RW
e 001: Levell
A o 010: Level 2
A ILVLA Interruplt priority level 011 Level3 RW
- A select bit 100 Level 4
e 101: Level 5
e ILVL2 110: Level 6 RW
. 111: Level7
. 0: Interrupt not requested
Rt (1)
Pl IR Interrupt request bit 1: Interrupt requested RW!
P —_ Nothing is assigned.When write, set to "0". _
(b7-b4) | When read, the content is indeterminate.

NOTES:
1. This bit can only be reset by writing “0” (Do not write “1").
2. Rewrite the interrupt control register when the interrupt request related to the register is not generated. For
details, refer to 20.5 Interrupts.
3. Use the IFSR2A register to select.

Symbol Address After Reset
INT3IC 004416 XX00X0002
b7 b6 b5 b4 b3 b2 bl bo S4IC, INT5IC 004816 XX00X0002
|><|><| 0 | | | | | | S3IC, INT4IC 004916 XX00X0002
—~ N L INTOIC to INT2IC  005D16 to 005F 16 XX00X0002
P v 4+ | Bit Symbol Bit Name Function RW
AR A A
ILVLO 00 0: Level O (interrupt disabled) RW
- 001: Levell
010: Level 2
N e ILVL] Interrupt priority level 011 Level3 RW
oo select bit 100: Level 4
Pl 101: Level5
R ILVL2 110: Level 6 RW
P 111: Level 7
A . 0: Interrupt not requested
' ' ' ' L ___________ (1)
IR Interrupt request bit 1: Interrupt requested RW!
O POL Polarity select bit 0: Selects falling edge (3, 4) RW
oo 1: Selects rising edge
 SROREEEELIEEERE {05) Reserved bit Set to “0” RW
A _______________________ R Nothing is assigned. When write, set to “0". RW
(b7-b6) | When read, the content is indeterminate

NOTES:

1. This bit can only be reset by writing “0” (Do not write “1”).

2. Rewrite the interrupt control register when the interrupt request related to the register is not generated. For
details, refer to 20.5 Interrupts.

3. If the IFSRI bit in the IFSR register(i = 0 to 5) is “1” (both edges), set the POL bit in the INTIlC register to “0”
(falling edge).

4. Set the POL bit in the S3IC or S4IC register to “0” (falling edge) when the IFSR6 bit in the IFSR register is
setto "0" (SI/O3 selected) or IFSR7 bit in the IFSR reister "0" (SI/04 selected), respectively.

Figure 9.3 Interrupt Control Registers
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b7 b6 b5 b4 b3 b2 bl bo

Interrupt Request Cause Select Register

Symbol Address After Reset
IFSR 035F16 0016
Bit Symbol Bit Name Function RW
IFSRO INTO interrupt polarity 0: One edge RW
switching bit 1:Bothedges ()
IFSR1 INT1 interrupt polarity 0: One edge
switching bit 1:Bothedges (1) RW
IFSR2 INT2 interrupt polarity 0: One edge
switching bit 1:Bothedges (1) RwW
IFSR3 INT3 interrupt polarity 0 : One edge
switching bit 1:Both edges (1) RwW
IFSR4 INT4 interrupt polarity 0: One edge
switching bit 1:Bothedges (1 RW
IFSR5 INTS interrupt polarity 0: One edge
switching bit 1:Bothedges (1) RwW
IFSR6 Interrupt request cause 0:Sl/03 (p
select bit 1:TNT4 RwW
IFSR7 Interrupt request cause 0:SI/04 (2
select bit 1:TNTS RW

NOTES:

b7 b6 b5 b4 b3 b2 bl b0

%

Interrupt Request Cause Select Register 2

1. When setting this bit to “1” (both edges), make sure the POL bit in the INTOIC to INT5IC registers
is set to “0” (falling edge).
2. When setting this bit to “0” (SI/03, SI/0O4), make sure the POL bit in the S3IC and S4IC registers
is set to “0” (falling edge).

Symbol Address After Reset
IFSR2A 035E16 0O0XXXXX02
Bit Symbol Bit Name Function RW
L@ uqn
IFSR20 Reserved bit @ Setto "1 RW
- Nothing is assigned. When write, set to “0”. o
(b5-b1) When read, the contents are indeterminate
Interrupt request cause 0 : IC/OC base timer
IFSR26 select bit 1:ScL/Spa RW
Interrupt request cause 0:IC/OC interrupt 1
IFSR27 select bit 1 : 12C bus interface RW

NOTE:

1. Set this bit to "1" befor you enable interrupt after resetting.

Figure 9.4 IFSR Register and IFSR2A Register
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9.3.1 1 Flag

The | flag enables or disables the maskable interrupt. Setting the | flag to “1” (enabled) enables the
maskable interrupt. Setting the | flag to “0” (disabled) disables all maskable interrupts.

9.3.2 IR Bit

The IR bit is set to “1” (interrupt requested) when an interrupt request is generated. Then, when the
interrupt request is accepted and the CPU branches to the corresponding interrupt vector, the IR bit is
cleared to “0” (interrupt not requested).

The IR bit can be cleared to “0” by program. Note that do not write “1” to this bit.

9.3.3ILVL2 to ILVLO Bits and IPL
Interrupt priority levels can be set using the ILVL2 to ILVLO bits.
Table 9.3 shows the settings of interrupt priority levels and Table 9.4 shows the interrupt priority levels
enabled by the IPL.

The following are conditions under which an interrupt is accepted:
- | flag is set to “1”
- IR bit is set to “1”
- interrupt priority level > IPL

The | flag, IR bit, ILVL2 to ILVLO bits and IPL are independent of each other. Therefore, they do not affect
one another.

Table 9.3 Settings of Interrupt Priority Levels Table 9.4 Interrupt Priority Levels Enabled
by IPL
. Interrupt priority Priority

ILVL2 to ILVLO bits level order IPL Enabled interrupt priority levels
0002 Level O (interrupt disabled) _— 0002 Interrupt levels 1 and above are enabled
0012 Level 1 Low 0012 Interrupt levels 2 and above are enabled
0102 Level 2 0102 Interrupt levels 3 and above are enabled
0112 Level 3 0112 Interrupt levels 4 and above are enabled
1002 Level 4 1002 Interrupt levels 5 and above are enabled
1012 Level 5 1012 Interrupt levels 6 and above are enabled
1102 Level 6 Y 1102 Interrupt levels 7 and above are enabled

1112 Level 7 High 1112 All maskable interrupts are disabled
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9.4 Interrupt Sequence

An interrupt sequence (the device behavior from the instant an interrupt is accepted to the instant the
interrupt routine is executed) is described here.

If an interrupt occurs during execution of an instruction, the processor determines its priority when the
execution of the instruction is completed, and transfers control to the interrupt sequence from the next
cycle. If an interrupt occurs during execution of either the SMOVB, SMOVF, SSTR or RMPA instruction,
the processor temporarily suspends the instruction being executed, and transfers control to the interrupt

sequence.

The CPU behavior during the interrupt sequence is described below. Figure 9.5 shows time required for

executing the interrupt sequence.

(1) The CPU gets interrupt information (interrupt number and interrupt request priority level) by reading
the address 0000016. Then it clears the IR bit for the corresponding interrupt to “0” (interrupt not
requested).

(2) The FLG register immediately before entering the interrupt sequence is saved to the CPU’s internal
temporary register(®).

(3) The |, D and U flags in the FLG register become as follows:

The | flag is cleared to “0” (interrupts disabled).

The D flag is cleared to “0” (single-step interrupt disabled).

The U flag is cleared to “0” (ISP selected).

However, the U flag does not change state if an INT instruction for software interrupt Nos. 32 to 63 is
executed.

(4) The CPU's internal temporary register (1) is saved to the stack.

(5) The PC is saved to the stack.

(6) The interrupt priority level of the accepted interrupt is set in the IPL.

(7) The start address of the relevant interrupt routine set in the interrupt vector is stored in the PC.

After the interrupt sequence is completed, the processor resumes executing instructions from the start
address of the interrupt routine.

Note 1: This register cannot be used by user.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
CPU clock
Address bus X%%%%efss >< Indeterminate() >< SP-2 >< SP-4 X vec >< vec+2 >< PC
Data bus _Interrupt : SP-2 SP-4 vec vec+2
><|nformat|on>< Indeterminate(®) Xcontents Xcontents ><contents >< contents ><

RD \< Indeterminate(1) Y
WR@ u u

NOTES:
1. The indeterminate state depends on the instruction queue buffer. A read cycle occurs when the instruction queue
buffer is ready to accept instructions.
2. When the stack is in the internal RAM, the WR signal indicates the write timing by changing high-level to low-level.

U

Figure 9.5 Time Required for Executing Interrupt Sequence
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9.4.1 Interrupt Response Time
Figure 9.6 shows the interrupt response time. The interrupt response or interrupt acknowledge time
denotes the time from when an interrupt request is generated till when the first instruction in the interrupt
routine is executed. Specifically, it consists of the time from when an interrupt request is generated till
when the instruction then executing is completed ((a) in Figure 9.6) and the time during which the inter-
rupt sequence is executed ((b) in Figure 9.6).

Interrupt request generated  Interrupt request acknowledged

bl e

S Instruction Interrupt sequence Instruction in S

interrupt routine

/ 7
- e (b) -

Interrupt response time

(a) The time from when an interrupt request is generated till when the instruction then
executing is completed. The length of this time varies with the instruction being
executed. The DIVX instruction requires the longest time, which is equal to 30 cycles
(without wait state, the divisor being a register).

(b) The time during which the interrupt sequence is executed. For details, see the table
below. Note, however, that the values in this table must be increased 2 cycles for the
DBC interrupt and 1 cycle for the address match and single-step interrupts.

Interrupt vector address | SP value Without wait
Even Even 18 cycles
Even Odd 19 cycles
Odd Even 19 cycles
Odd Odd 20 cycles

Figure 9.6 Interrupt response time

9.4.2 Variation of IPL when Interrupt Request is Accepted

When a maskable interrupt request is accepted, the interrupt priority level of the accepted interrupt is set
in the IPL.

When a software interrupt or special interrupt request is accepted, one of the interrupt priority levels listed
in Table 9.5 is set in the IPL. Shown in Table 9.5 are the IPL values of software and special interrupts
when they are accepted.

Table 9.5 IPL Level That is Set to IPL When A Software or Special Interrupt Is Accepted
Interrupt sources Level that is set to IPL

Watchdog timer, NMI, Oscillation stop and re-oscillation detection,

7
low voltage detection

Software, address match, DBC, single-step Not changed
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9.4.3 Saving Registers
In the interrupt sequence, the FLG register and PC are saved to the stack.
At this time, the 4 high-order bits of the PC and the 4 high-order (IPL) and 8 low-order bits of the FLG
register, 16 bits in total, are saved to the stack first. Next, the 16 low-order bits of the PC are saved.
Figure 9.7 shows the stack status before and after an interrupt request is accepted.

The other necessary registers must be saved in a program at the beginning of the interrupt routine. Use
the PUSHM instruction, and all registers except SP can be saved with a single instruction.

[SP]
<a— New SP value

Address Stack Address Stack
MSB LSB MSB

m-4 m-4 PCL

m-3 m-3 PCwm

m-—2 > m-2 FLGL

m-1 m-1 FLGH PCx
[SP]

m Content of previous stack |-a—— iltje\r/r?:;? rggzogst is m Content of previous stack
accepted.

m+ 1| Content of previous stack m+ 1| Content of previous stack

Stack status before interrupt request Stack status after interrupt request

is acknowledged is acknowledged

Figure 9.7 Stack Status Before and After Acceptance of Interrupt Request
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The operation of saving registers carried out in the interrupt sequence is dependent on whether the SP(1),
at the time of acceptance of an interrupt request, is even or odd. If the stack pointer (1) is even, the FLG
register and the PC are saved, 16 bits at a time. If odd, they are saved in two steps, 8 bits at a time.
Figure 9.8 shows the operation of the saving registers.

NOTES:
1. When any INT instruction in software numbers 32 to 63 has been executed, this is the SP indicated
by the U flag. Otherwise, it is the ISP.

(1) SP contains even number

Address Stack Sequence in which order
registers are saved
[SP] -5 (Odd)
[SP] — 4 (Even) PCL
(2) Saved _simultaneously,
[SP] - 3(0dd) PCw all 16 bits
[SP] - 2 (Even) FLGL
(1) Saved simultaneously,
[SP] - 1(Odd) FLGH PCx all 16 bits
[SP] (Even)
Finished saving reqgisters
in two operations.

(2) SP contains odd number

Address Stack Sequence in which order
registers are saved
[SP] -5 (Even)
[SP] — 4(Odd) PCL -— (3)
[SP] - 3 (Even) PCw ~—(4)
Saved, 8 bits at a time
[SP] — 2(Odd) FLG - (1)
[SP] -1 (Even) FLGH PCH - (2)
[SP]  (Odd)
Finished saving registers
in four operations.

NOTES:
1. [SP] denotes the initial value of the SP when interrupt request is acknowledged.
After registers are saved, the SP content is [SP] minus 4.

Figure 9.8 Operation of Saving Register
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9.4.4 Returning from an Interrupt Routine
The FLG register and PC in the state in which they were immediately before entering the interrupt se-
guence are restored from the stack by executing the REIT instruction at the end of the interrupt routine.
Thereafter the CPU returns to the program which was being executed before accepting the interrupt
request.
Return the other registers saved by a program within the interrupt routine using the POPM or similar
instruction before executing the REIT instruction.

9.5 Interrupt Priority

If two or more interrupt requests are generated while executing one instruction, the interrupt request that
has the highest priority is accepted.

For maskable interrupts (peripheral functions), any desired priority level can be selected using the ILVL2 to
ILVLO bits. However, if two or more maskable interrupts have the same priority level, their interrupt priority
is resolved by hardware, with the highest priority interrupt accepted.

The watchdog timer and other special interrupts have their priority levels set in hardware. Figure 9.9 shows
the priorities of hardware interrupts.

Software interrupts are not affected by the interrupt priority. If an instruction is executed, control branches
invariably to the interrupt routine.

Reset High
NMI A
DBC

Watchdog timer, oscillation stop
and re-oscillation detection,
low voltage detection

Peripheral function

Single step v
Low

Address match

Figure 9.9 Hardware Interrupt Priority

9.5.1 Interrupt Priority Resolution Circuit
The interrupt priority resolution circuit is used to select the interrupt with the highest priority among those
requested.
Figure 9.10 shows the circuit that judges the interrupt priority level.
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Priority level of each interrupt

Timer B2

Timer BO

Timer A3

Timer A1

|IC/OC interrupt 1, 12C bus interface|~

INT3

INT2

INTO

Timer B1

Timer A4

Timer A2

IC/OC base timer, Sci/Spa

IC/OC interrupt O

UART1 reception

UARTO reception

UART2 reception, ACK2

A/D conversion

DMAL

UART 2 bus collision

SI/04, INT5

Timer A0

UART1 transmission

UARTO transmission

UART?2 transmission, NACK2

Key input interrupt

DMAO

SI/03, INT4

| flag

Level O (initial value)

Highest

Priority of peripheral function interrupts
(if priority levels are same)

Lowest

N N (S E e N N E N £

Address match

D

Watchdog timer

Oscillation stop and
re-oscillation detection

Low voltage detection

DBC

NMI

Interrupt request level resolution output to clock
generation circuit (Figure 7.1)

Interrupt
request
accepted

Figure 9.10 Interrupts Priority Select Circuit
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9.6 INT Interrupt

'INTi interrupt (i=0 to 5) is triggered by the edges of external inputs. The edge polarity is selected using the
IFSRI bit in the IFSR register.

The INT5 input has an effective digital debounce function for a noise rejection. Refer to "17.6 Digital
Debounce function" for this detail. When using INT5 interrupt to exit stop mode, set the P17DDR register
to "FF16" before entering stop mode.

To use the INT4 interrupt, set the IFSR6 bit in the IFSR register to "1" (INT4). To use the INT5 interrupt, set
the IFSR7 bit in the IFSR register to "1" (INT5).

After modifiying the IFSR6 or IFSR7 bit, clear the corresponding IR bit to "0" (interrupt not requested)
before enabling the interrupt.

Figure 9.11 shows the IFSR registers.

9. Interrupts

Interrupt Request Cause Select Register
b7 b6 b5 b4 b3 b2 bl bo
| | | | | | | | | Symbol Address After Reset
— IFSR 035F16 0016
Bit Symbol Bit Name Function RW
L IFSRO INTO interrupt polarity 0 : One edge RW
switching bit 1:Both edges (1)
:l _____ IFSR1 INT1 interrupt polarity 0 : One edge
switching bit 1:Bothedges (1) RW
: IFSR2 INT2 interrupt polarity 0 : One edge
""""" switching bit 1:Bothedges (1) RwW
IFSR3 INT3 interrupt polarity 0 : One edge
""""""" switching bit 1:Bothedges @ RwW
IFSR4 INT4 interrupt polarity 0 : One edge
"""""""" switching bit 1:Both edges (1) RwW
IFSR5 INT5 interrupt polarity 0 : One edge
""""""""""" switching bit 1:Bothedges (1) RwW
IFSR6 Interrupt request cause 0:Sl/03 (2
"""""""""""" select bit 1:INT4 RW
___________________________ IFSR7 Interrupt request cause 0:Sl/04 ()
select bit 1:INT5 RW
NOTES:
1. When setting this bit to “1” (both edges), make sure the POL bit in the INTOIC to INT5IC registers
is set to “0” (falling edge).
2. When setting this bit to “0” (SI/03, SI/04), make sure the POL bit in the S3IC and S4IC registers
is set to “0” (falling edge).

Figure 9.11 IFSR Register
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9.7 NMI Interrupt

An NMI interrupt request is generated when input on the NMI pin changes state from high to low, after the
NMI interrupt was enabled by writing a “1” to bit 4 of register PM2. The NMI interrupt is a non-maskable
interrupt, once it is enabled.

The input level of this NMI interrupt input pin can be read by accessing the P8 register's P8_5 bit.

NMI is disabled by default after reset (the pin is a GPIO pin, P85) and can be enabled using bit 4 of PM2
register. Once enabled, it can only be disabled by a reset signal.

The NMI input has an effective digital debounce function for a noise rejection. Refer to "17.6 Digital
Debounce function" for this detail. When using NMI interrupt to exit stop mode, set the NDDR register to
"FF16" before entering stop mode.

9.8 Key Input Interrupt

A key input interrupt is generated when input on any of the P104 to P107 pins which has had the PD10_4 to
PD10_7 bits in the PD10 register set to “0” (input) goes low. Key input interrupts can be used as a key-on
wakeup function, the function to exit wait or stop mode. However, if you intend to use the key input interrupt,
do not use P104 to P107 as analog input ports. Figure 9.12 shows the block diagram of the key input
interrupt. Note, however, that while input on any pin which has had the PD10_4 to PD10_7 bits set to “0”
(input mode) is pulled low, inputs on all other pins of the port are not detected as interrupts.

PU25 bit in the PUR2

register
KUPIC register
PD10_7 bit in the

Pull-up
transistor
PD10 register
PD10_7 bit in the PD10 register
K3 O
PD10_6 bit in the
Pull-up —- -
transistor ) PD10 register
. Key input interrupt
Klz O ’IJ Interrupt control circuit req{lespt p
Pull-up ) .
- PD10_5 bit in the
transistor PD10 register
Kiz O T

PD10_4 bit in the

Pull-up PD10 register
transistor

Klo O T @_

Figure 9.12 Key Input Interrupt
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9.9 Address Match Interrupt

An address match interrupt request is generated immediately before executing the instruction at the ad-
dress indicated by the RMADI register (i=0 to 1). Set the start address of any instruction in the RMADI
register. Use the AIERO and AIER1 bits in the AIER register to enable or disable the interrupt. The address
match interrupt is unaffected by the | flag and IPL. For address match interrupts, the value of the PC that is
saved to the stack area varies depending on the instruction being executed (refer to “Saving Registers”).
(The value of the PC that is saved to the stack area is not the correct return address.) Therefore, follow one
of the methods described below to return from the address match interrupt.

* Rewrite the content of the stack and then use the REIT instruction to return.

» Restore the stack to its previous state before the interrupt request was accepted by using the POP or
similar other instruction and then use a jump instruction to return.

Table 9.6 shows the value of the PC that is saved to the stack area when an address match interrupt
request is accepted.

Figure 9.13 shows the AIER, RMADO and RMADL1 registers.

Table 9.6 PC Value Saved in Stack Area When an Address Match Interrupt Request is Accepted

Value of the PC that is

Instruction at the address indicated by the RMAD:I register saved to the stack area

« 2-byte op-code instruction The address

- 1-byte op-code instructions which are followed: indicated by the
ADD.B:S #IMM8,dest SUB.B:S #IMM8,dest AND.B:S  #IMM8,dest RMAD:i register +2
OR.B:S #IMM8,dest MOV.B:S  #IMM8,dest STZ.B #IMM8,dest
STNZ.B #IMM8,dest STZX.B #IMM81,#IMM82,dest
CMP.B:S  #IMM8,dest = PUSHM src POPM dest
JMPS #IMM8 JSRS #IMM8

MOV.B:S  #IMM,dest (However, dest=A0 or A1)

The address
Instructions other than the above indicated by the

RMAD:i register +1

Value of the PC that is saved to the stack area : Refer to “Saving Registers”.

Op-code is an abbreviation of Operation Code. It is a portion of instruction code.

Refer to Chapter 4 Instruction Code/Number of Cycles in M16C/60, M16C/20 Series Software Manual. Op-code is shown
as a bold-framed figure directly below the Syntax.

Table 9.7 Relationship Between Address Match Interrupt Sources and Associated Registers

Address match interrupt sources | Address match interrupt enable bit | Address match interrupt register
Address match interrupt 0 AIERO RMADO
Address match interrupt 1 AIER1 RMAD1
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Address Match Interrupt Enable Register

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
AIER 000916 XXXXXX002
Bit Symbol Bit Name ) RW
AIERO Address match interrupt 0 | . Interrupt disabled RW
enable bit 1 : Interrupt enabled
AIER1 [Address matchinterrupt1 | 0 : Interrupt disabled RW
enable bit 1 : Interrupt enabled
— Nothing is assigned. When write, set to “0”.
(b7-b2) | When read, its contents are indeterminate. —
Address Match Interrupt Registeri (i=0to 1)
(b23) (b19)  (b16)(b15) (08) Symbol Address After Reset
v, B e e % RMADO 001216 to 001016  X0000016
I><|><|>Q><I | | | RMAD1 001616t0 001416  X0000016
: ; Function Setting Range RW

---1 Address setting register for address match interrupt 0000016 to FFFFF16 | RW

] Nothing is assigned. When write, set to “0”.
When read, it contents are indeterminate.

Figure 9.13 AIER Register, RMADO and RMAD1 Registers
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10. Watchdog Timer

The watchdog timer is the function that detects when a program is out of control. Use the watchdog timer is
recommended to improve reliability of the system. The watchdog timer contains a 15-bit counter which is
decremented by the CPU clock that the prescaler divides. The PM12 bit in the PM1 register determines whether
to generate a watchdog timer interrupt request or reset the watchdog timer when the watchdog timer underflows.
The PM12 bit can only be set to “1” (reset). Once the PM12 bit is set to “1”, it cannot be changed to “0” (watchdog
timer interrupt) by program. Refer to “5.3 Watchdog Timer Reset” for watchdog timer reset.

When the main clock, on-chip oscillator clock, or PLI clock runs as CPU clock, the WDC?7 bit in the WDC register
determines whether the prescaler divides the clock by 16 or 128. When the sub clock runs as CPU clock, the
prescaler divides the clock by 2 regardless of the WDC7 bit setting. Watchdog timer cycle is calculated as
follows. Marginal errors, due to the prescaler, may occur in watchdog timer cycle.

With main clock source chosen for CPU clock, on-chip oscillator clock, PLL clock
Prescaler dividing (16 or 128) X Watchdog timer count (32768)

CPU clock

Watchdog timer period =

With sub-clock chosen for CPU clock
Prescaler dividing (2) X Watchdog timer count (32768)

Watchdog timer period =
CPU clock

For example, when CPU clock is set to 16 MHz and the divide-by-N value for the prescale ris set to 16, the
watchdog timer period is approx. 32.8 ms.

The watchdog timer is initialized by writing to the WDTS register. The prescaler is initialized after reset. Note that
the watchdog timer and the prescaler both are inactive after reset, so that the watchdog timer is activated to start
counting by writing to the WDTS register.

Write the WDTS register with shorter cycle than the watchdog timer cycle. Set the WDTS register also in the
beginning of the watchdog timer interrupt routine.

In stop mode and wait mode, the watchdog timer and prescaler are stopped. Counting is resumed from the held
value when the modes or state are released.

Figure 10.1 shows the block diagram of the watchdog timer. Figure 10.2 shows the watchdog timer-related

registers.
Prescaler
o iCM07=0
: 116 WDC7 =0
] — PM12 =0
: o] é\(/:v’\él)(gf:ol PM22 = 0 Watchdog timer
CPU clock i1 1/128 Lt o O interrupt request
1—n { B
: : B Watchdog timer
E,THCMO7:1 PM22—1O o »
i A PM12 = 1
i : Reset
On-chip oscillator clock
Set to 7FFF16
Write to WDTS register ‘Iﬂ—\
Internal reset signal o[>
(low active) j_/
Figure 10.1 Watchdog Timer Block Diagram
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Watchdog Timer Control Register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
| | 0 | 0 | | | | | | WDC 000F16 00XXXXXX2
Bit Symbol Bit Name Function RW
(b4-b0) High-order bit of watchdog timer RO
R “05) Reserved bit Set to “0” RW
e (b6) Reserved bit Set to “0” RW
: . 0: Divided by 16
] WDC7 Prescaler select bit 1: Divided by 128 RW
Watchdog Timer Start Register ()
b7 50 Symbol Address After Reset
WDTS 000E16 Indeterminate
: Function RW

: The watchdog timer is initialized and starts counting after a write instruction to
""""""" this register. The watchdog timer value is always initialized to “7FFF16” WO
regardless of whatever value is written.

Figure 10.2 WDC Register and WDTS Register

10.1 Count Source Protective Mode

In this mode, a on-chip oscillator clock is used for the watchdog timer count source. The watchdog timer

can be kept being clocked even when CPU clock stops as a result of run-away.

Before this mode can be used, the following register settings are required:

(1) Set the PRCL1 bit in the PRCR register to “1” (enable writes to PM1 and PM2 registers).

(2) Set the PM12 bit in the PM1 register to “1” (reset when the watchdog timer underflows).

(3) Set the PM22 bit in the PM2 register to “1” (on-chip oscillator clock used for the watchdog timer count source).

(4) Set the PRC1 bit in the PRCR register to “0” (disable writes to PM1 and PM2 registers).

(5) Write to the WDTS register (watchdog timer starts counting).

Setting the PM22 bit to “1” results in the following conditions

* The on-chip oscillator continues oscillating even if the CM21 bit in the CM2 register is set to "0" (main clock
or PLL clock) (system clock of count source selected by the CM21 bit is valid)

« The on-chip oscillator starts oscillating, and the on-chip oscillator clock becomes the watchdog timer

count source.

Watchdog timer count (32768)
On-chip oscillator clock

Watchdog timer period =

» The CM10 bit in the CM1 register is disabled against write. (Writing a “1” has no effect, nor is stop mode entered.)
» The watchdog timer does not stop when in wait mode.
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11. DMAC

Note
I Do not use SI/04 interrupt request as a DMA request in the 64-pin package. I

The DMAC (Direct Memory Access Controller) allows data to be transferred without the CPU intervention.
Two DMAC channels are included. Each time a DMA request occurs, the DMAC transfers one (8 or 16-bit)
data from the source address to the destination address. The DMAC uses the same data bus as used by
the CPU. Because the DMAC has higher priority of bus control than the CPU and because it makes use of
a cycle steal method, it can transfer one word (16 bits) or one byte (8 bits) of data within a very short time
after a DMA request is generated. Figure 11.1 shows the block diagram of the DMAC. Table 11.1 shows
the DMAC specifications. Figures 11.2 to 11.4 show the DMAC-related registers.

{ Address bus |
/\
_':',>| DMAO source pointer SAR0(20) ':>
| | (addresses 002216 to 002016)
:>| DMAO destination pointer DARO (20) l:>
v U (addresses 002616 to 002416)
|DMAO forward address pointer (20) (@) ':>
—|:">| DMAO transfer counter reload register TCRO (16) ':> DMA1 source pointer SAR1 (20) ':>
U (addresses 002916, 002816) | | (addresses 003216 to 003016)
|DMAO transfer counter TCRO (16) ':> DMAL1 destination pointer DAR1 (20) ':>
U U (addresses 003616 to 003416)
:>| DMAL transfer counter reload register TCR1 (16) I:> | DMAL1 forward address pointer (20) () l:>
U (addresses 003916, 003816)
[DMAL transfer counter TCR1. (16) > | DMA tatch high-order bits | DMA latch low-order bits |
X X X ’} A ﬁ X
T Data bus low-order bits y
\/Y
{ Data bus high-order bits \
NOTES:
1. Pointer is incremented by a DMA request.

Figure 11.1 DMAC Block Diagram

A DMA request is generated by a write to the DSR bit in the DMISL register (i = 0,1), as well as by an
interrupt request which is generated by any function specified by the DMS and DSEL3 to DSELO bits in the
DMISL register. However, unlike in the case of interrupt requests, DMA requests are not affected by the |
flag and the interrupt control register, so that even when interrupt requests are disabled and no interrupt
request can be accepted, DMA requests are always accepted. Furthermore, because the DMAC does not
affect interrupts, the IR bit in the interrupt control register does not change state due to a DMA transfer.

A data transfer is initiated each time a DMA request is generated when the DMAE bit in the DMiCON
register is set to “1” (DMA enabled). However, if the cycle in which a DMA request is generated is faster
than the DMA transfer cycle, the number of transfer requests generated and the number of times data is
transferred may not match. For details, refer to “DMA Requests”.
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Table 11.1 DMAC Specifications

ltem Specification
No. of channels 2 (cycle steal method)
Transfer memory space » From any address in the 1M bytes space to a fixed address

» From a fixed address to any address in the 1M bytes space
» From a fixed address to a fixed address
Maximum No. of bytes transferred | 128K bytes (with 16-bit transfers) or 64K bytes (with 8-bit transfers)

DMA request factors (. 2) Falling edge of INTO or INTL

Both edge of INTO or INT1

Timer AO to timer A4 interrupt requests

Timer BO to timer B2 interrupt requests

UARTO transfer, UARTO reception interrupt requests
UART1 transfer, UARTL1 reception interrupt requests
UART2 transfer, UART2 reception interrupt requests
SI/03, SI/O4 interrupt requests

A/D conversion interrupt requests

Timer S(IC/OC) requests

Software triggers
Channel priority DMAO > DMA1 (DMAO takes precedence)
Transfer unit 8 bits or 16 bits
Transfer address direction forward or fixed (The source and destination addresses cannot both be

in the forward direction.)

Transfer mode |Single transfer | Transfer is completed when the DMAI transfer counter (i = 0,1)
underflows after reaching the terminal count.

Repeat transfer | When the DMAI transfer counter underflows, it is reloaded with the

value of the DMAI transfer counter reload register and a DMA transfer is con
tinued with it.

DMA interrupt request generation timing | When the DMA transfer counter underflowed

DMA startup Data transfer is initiated each time a DMA request is generated when

the DMAICON register's DMAE bit = “1” (enabled).

DMA shutdown |Single transfer |« When the DMAE bit is set to “0” (disabled)

» After the DMAI transfer counter underflows

Repeat transfer | When the DMAE bit is set to “0” (disabled)

Reload timing for forward ad- When a data transfer is started after setting the DMAE bit to “1” (en
dress pointer and transfer abled), the forward address pointer is reloaded with the value of the
counter SARI or the DARI pointer whichever is specified to be in the forward
direction and the DMAI transfer counter is reloaded with the value of the
DMAi. transfer counter reload register.

NOTES:

1. DMA transfer does not affect any interrupt. DMA transfer is not affected by the | flag nor by the interrupt
control register.

2. The selectable cause of DMA requests varies with each channel.

3. Do not access the DMAC-associated registers (addresses 002016 to 003F16) with DMAC.
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b7 b6 b5 b4 b3 b2 bl bo

NOTES:

DMAO Request Cause Select Register

A DMS

Symbol Address After Reset
DMOSL 03B816 0016
Bit Symbol Bit Name Function RW
- DSELO DMA request cause Refer to note (1) RW
select bit
---1 DSEL1 RW

DSEL2 RW

DSEL3 RW

- Nothing is assigned. When write, set to “0”".

(b5-b4) When read, its content is “0”. -
DMA request cause 0: Basic cause of request RW
expansion select bit 1: Extended cause of request
Software DMA A DMA request is generated by
request bit setting this bit to “1” when the DMS

DSR bit is “0” (basic cause) and the RW

DSEL3 to DSELO bits are “0001 2"
(software trigger).
The value of this bit when read is “0” .

DSEL3 to DSELO| DMS=0(basic cause of request) DMS=1(extended cause of request)
00002 Falling edge of INTO pin IC/OC base timer
00012 Software trigger -

00102 Timer AO IC/OC channel 0
00112 Timer Al IC/OC channel 1
01002 Timer A2 -

01012 Timer A3 -

01102 Timer A4 Two edges of INTO pin
01112 Timer BO —

10002 Timer B1 -

10012 Timer B2 —

10102 UARTO transmit IC/OC channel 2
10112 UARTO receive IC/OC channel 3
11002 UART2 transmit IC/OC channel 4
11012 UART2 receive IC/OC channel 5
11102 A/D conversion IC/OC channel 6
11112 UART1 transmit IC/OC channel 7

1. The causes of DMAO requests can be selected by a combination of DMS bit and DSEL3 to DSELO bits in the
manner described below.

Figure 11.2 DMOSL Register
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b7 b6 b5 b4 b3 b2 bl bo

DMAL1 Request Cause Select Register

NOTES:

Symbol Address After Reset
| | DM1SL 03BA16 0016
Bit Symbol Bit Name Function RW
| DSELO DMA request cause Refer to note (1) RW
i t----{ DSEL1 |Selectbit RW
] DSEL2 RW
.......... DSEL3 RwW
Nothing is assigned. When write, set to “0”.
(b5-b4) When read, its content is “0”.
DMS DMA request cause 0: Basic cause of request RW
expansion select bit 1: Extended cause of request
Software DMA A DMA request is generated by
request bit setting this bit to “1” when the DMS
DSR bit is “0” (basic cause) and the RW
DSEL3 to DSELDO bits are “0001 2"
(software trigger).
The value of this bit when read is “0” .

DSEL3 to DSELO | DMS=0(basic cause of request) DMS=1(extended cause of request)
00002 Falling edge of INT1 pin IC/OC base timer
00012 Software trigger -

00102 Timer AO IC/OC channel 0
00112 Timer A1 IC/OC channel 1
01002 Timer A2 -

01012 Timer A3 S1/03

01102 Timer A4 SI/04 _
01112 Timer BO Two edges of INT1
10002 Timer B1 -

10012 Timer B2 -

10102 UARTO transmit IC/OC channel 2
10112 UARTO receive IC/OC channel 3
11002 UART?2 transmit IC/OC channel 4
11012 UART?2 receive/ACK2 IC/OC channel 5
11102 A/D conversion IC/OC channel 6
11112 UART1 receive IC/OC channel 7

DMAI Control Register(i=0,1)

b5 b4 b3 b2 bl b0

NOTES:

1. The causes of DMAL1 requests can be selected by a combination of DMS bit and DSEL3 to DSELO bits in the
manner described below.

Symbol Address After Reset
DMOCON 002C16 00000X002
DM1CON 003C16 00000X002
Bit Symbol Bit Name Function RW
DMBIT Transfer unit bit select bit 2 éGbitilsts RW
Repeat transfer mode 0 : Single transfer
DMASL select bit 1: Repeat transfer RW
DMA request bit 0 : DMA not requested RwW
DMAS a 1: DMA requested (6}
___________ DMA enable bit 0 : Disabled
DMAE 1: Enabled RW
Source address direction | : Fixed
---------------- DSD select bit @ 1 : Forward RW
Destination address 0 : Fixed
DAD direction select bit (@ 1: Forward RW
Nothing is assigned. When write, set to “0”. When
(b7-b6) read, its content is “0”.

1. The DMAS bit can be set to “0” by writing “0” in a program (This bit remains unchanged even if “1” is written).
2. At least one of the DAD and DSD bits must be “0” (address direction fixed).

Figure 11.3 DM1SL Register, DMOCON Register, and DM1CON Registers
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DMAI Source Pointer (i=0, 1) @

(b23) (b19) (b16)(b15) ®8)
b7 b3 b0 b7 b0 b7 b0 Symbol Address After Reset
|><|><|><|><| : : SARO 002216 to 002016 Indeterminate

A A : : SAR1 003216 to 003016 Indeterminate
' ' ' ' ' Function Setting Range RW
: I Set the source address of transfer 0000016 to FFFFF16 | RW
oo Nothing is assigned. When write, set “0”. When read, these contents
"""""""""""""""""""""""" are “0". -
NOTES:

1. If the DSD bit in the DMiICON register is “0” (fixed), this register can only be written to when the DMAE bit in the
DMIiCON register is set to “0” (DMA disabled).
If the DSD bit is set to “1” (forward direction), this register can be written to at any time.
If the DSD bit is set to “1” and the DMAE bit is set to “1” (DMA enabled), the DMAI forward address pointer can be
read from this register. Otherwise, the value written to it can be read.

DMAI Destination Pointer (i = 0, 1))

(b23) (b19) (b16)(b15) (b8)
b7 b3 B0 b7 b0 b7 5 Symbol Address After Reset

|><|><|><|><| | DARO 002616 to 002416 Indeterminate
o T DAR1 003616 to 003416 Indeterminate

Function Setting Range RW

S Set the destination address of transfer 0000016 to FFFFF16 | RW

R S S Nothing is assigned. When write, set “0”. When read, these contents |

are “0”".

NOTES:
1. If the DAD bit in the DMICON register is “0” (fixed), this register can only be written to when the DMAE bit in the
DMICON register is set to “0"(DMA disabled).
If the DAD bit is set to “1” (forward direction), this register can be written to at any time.
If the DAD bit is set to “1” and the DMAE bit is set to “1” (DMA enabled), the DMAI forward address pointer can be
read from this register. Otherwise, the value written to it can be read.

DMAI Transfer Counter (i =0, 1)

(b15) (b8)
b7 b0 b7 b0
. Symbol Address After Reset
: TCRO 002916, 002816  Indeterminate
H TCR1 003916, 003816  Indeterminate
Function Setting Range RW

Set the transfer count minus 1. The written value is
H stored in the DMAI transfer counter reload register,
and when the DMAE bit in the DMICON register is
set to “1” (DMA enabled) or the DMAI transfer
counter underflows when the DMASL bit in the
DMIiCON register is “1” (repeat transfer), the value
of the DMAI transfer counter reload register is
transferred to the DMAI transfer counter.

When read, the DMA. transfer counter is read.

000016 to FFFF16 | RW

Figure 11.4 SARO, SAR1, DARO, DAR1, TCRO, and TCR1 Registers
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11.1 Transfer Cycles
The transfer cycle consists of a memory or SFR read (source read) bus cycle and a write (destination write)
bus cycle. The nhumber of read and write bus cycles is affected by the source and destination addresses of
transfer. Furthermore, the bus cycle itself is extended by a software wait.

11.1.1 Effect of Source and Destination Addresses

If the transfer unit is 16 bits and the source address of transfer begins with an odd address, the source
read cycle consists of one more bus cycle than when the source address of transfer begins with an even
address.

Similarly, if the transfer unit is 16 bits and the destination address of transfer begins with an odd address,
the destination write cycle consists of one more bus cycle than when the destination address of transfer
begins with an even address.

11.1.2 Effect of Software Wait

For memory or SFR accesses in which one or more software wait states are inserted, the number of bus
cycles required for that access increases by an amount equal to software wait states.

Figure 11.5 shows the example of the cycles for a source read. For convenience, the destination write
cycle is shown as one cycle and the source read cycles for the different conditions are shown. In reality, the
destination write cycle is subject to the same conditions as the source read cycle, with the transfer cycle
changing accordingly. When calculating transfer cycles, take into consideration each condition for the
source read and the destination write cycle, respectively. For example, when data is transferred in 16 bit
units and when both the source address and destination address are an odd address ((2) in Figure 11.5),
two source read bus cycles and two destination write bus cycles are required.
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(1) When the transfer unit is 8 or 16 bits and the source of transfer is an even address

CPU clock

Address -
CPU use Source Destination Dummy CPU use
bus cycle

RD signal

WR signal
Data I Dummy
bus CPU use >< Source >< Destination >< cycle CPU use

(2) When the transfer unit is 16 bits and the source address of transfer is an odd address.

CPU clock

Address Dumm!
bus CPU use Source Source + 1 Destination cycle CPU use

RD signal

WR signal

Data

- Dummy
CPU use +
bus ><Source ><Source 1>< Destination >< oycle >< CPU use

(3) When the source read cycle under condition (1) has one wait state inserted

CPU clock

- Dumm
ﬁggress CPU use >< Source >< Destination >< cycle v >< CPU use

RD signal

WR signal

Data A Dummy
bus CPU use Source Destination cycle CPU use

(4) When the source read cycle under condition (2) has one wait state inserted

CPU clock

ﬁggress CPU use >< Source >< Source + 1 >< Destination >< (I:D;Jcrr;my >< CPU use

RD signal

WR signal

Data o Dumm
bus CPU use >< Source >< Source + 1 >< Destination >< cycle Y CPU use

NOTES:
1. The same timing changes occur with the respective conditions at the destination as at the source.

Figure 11.5 Transfer Cycles for Source Read
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11.2. DMA Transfer Cycles

Any combination of even or odd transfer read and write adresses is possible. Table 11.2 shows the
number of DMA transfer cycles. Table 11.3 shows the Coefficient j, k.
The number of DMAC transfer cycles can be calculated as follows:

No. of transfer cycles per transfer unit = No. of read cycles x j + No. of write cycles x k

Table 11.2 DMA Transfer Cycles

Transfer unit Access address | No. of read cycles No. of write cycles
8-bit transfers Even
(DMBIT="1") Odd 1 1
16-bit transfers Even 1 1
(DMBIT="0") Odd 2 2
Table 11.3 Coefficient j, k
Internal area
Internal ROM, RAM SFR
No wait |With wait| *Walt | 2wai
j 1 2 2 3
k 1 2 2 3
NOTES:
1. Depends on the set value of PM20 bit in PM2 register
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11.3 DMA Enable

When a data transfer starts after setting the DMAE bit in DMiCON register (i =0, 1) to “1” (enabled), the
DMAC operates as follows:
(a) Reload the forward address pointer with the SARI register value when the DSD bit in DMICON register
is “1” (forward) or the DARI register value when the DAD bit of DMICON register is “1” (forward).
(b) Reload the DMA. transfer counter with the DMAI transfer counter reload register value.

If the DMAE bit is set to “1” again while it remains set, the DMAC performs the above operation. However,
if a DMA request may occur simultaneously when the DMAE bit is being written, follow the steps below.
(1) Write “1” to the DMAE bit and DMAS bit in DMICON register simultaneously.
(2) Make sure that the DMAI is in an initial state as described above (a) and (b) by program.
If the DMAI is not in an initial state, the above steps should be repeated.

11.4 DMA Request

The DMAC can generate a DMA request as triggered by the cause of request that is selected with the DMS
and DSEL3 to DSELDO bits of DMISL register (i = 0, 1) on either channel. Table 11.4 shows the timing at
which the DMAS bit changes state.

Whenever a DMA request is generated, the DMAS bit is set to “1” (DMA requested) regardless of whether
or not the DMAE bit is set. If the DMAE bit was set to “1” (enabled) when this occurred, the DMAS bit is set
to “0” (DMA not requested) immediately before a data transfer starts. This bit cannot be setto “1” in a
program (it can only be set to “0”).

The DMAS bit may be set to “1” when the DMS or the DSEL3 to DSELO bits change state. Therefore,
always be sure to set the DMAS bit to “0” after changing the DMS or the DSEL3 to DSELDO bits.

Because if the DMAE bit is “1”, a data transfer starts immediately after a DMA request is generated, the
DMAS bit in almost all cases is “0” when read in a program. Read the DMAE bit to determine whether the
DMAC is enabled.

Table 11.4 Timing at Which the DMAS Bit Changes State
DMAS bit of the DMICON register
Timing at which the bit is set to “1” | Timing at which the bit is set to “0”

DMA factor

Software trigger When the DSR bit in the DMiSL « Immediately before a data transfer starts
register is set to “1” * When set by writing “0” in a program

Peripheral function | When the interrupt control register
for the peripheral function that is
selected by the DSEL3 to DSELO
and DMS bits in the DMISL register
has its IR bit set to “1”
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11.5 Channel Priority and DMA Transfer Timing

If both DMAO and DMAL1 are enabled and DMA transfer request signals from DMAO and DMAL1 are de-
tected active in the same sampling period (one period from a falling edge to the next falling edge of CPU
clock), the DMAS bit on each channel is set to “1” (DMA requested) at the same time. In this case, the DMA
requests are arbitrated according to the channel priority, DMAO > DMAL. The following describes DMAC
operation when DMAO and DMA1 requests are detected active in the same sampling period. Figure 11.6
shows an example of DMA transfer effected by external factors.

DMAO request having priority is received first to start a transfer when a DMAO request and DMAL1 request
are generated simultanelously. After one DMAO transfer is completed, a bus arbitration is returned to the
CPU. When the CPU has completed one bus access, a DMAL transfer starts. After one DMA1 transfer is
completed, the bus arbitration is again returned to the CPU.

In addition, DMA requsts cannot be counted up since each channel has one DMAS bit. Therefore, when
DMA requests, as DMAL in Figure 11.6 occurs more than one time, the DAMS bit is set to "0" as soon
as getting the bus arbitration. The bus arbitration is returned to the CPU when one transfer is completed.

An example where DMA requests for external causes are detected active at the same

S A/ /e ;
DMA1 — - : : M— Obtainment

of the bus
cPU oA, 7, o
INTO | | |
DMAO ‘

request bit |
INT1 1 ]

DMA1

request bit |

Figure 11.6 DMA Transfer by External Factors
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12. Timer

Eight 16-bit timers, each capable of operating independently of the others, can be classified by function as
either timer A (five) and timer B (three). The count source for each timer acts as a clock, to control such
timer operations as counting, reloading, etc. Figures 12.1 and 12.2 show block diagrams of timer A and
timer B configuration, respectively.

f2 PCLKO bit =0

Clock prescaler

12. Timer

f1orf2 f8 f32 fC32

* Main clock f1 florf2 .
* PLL clock o XCIN
* On-chip oscillator] PCLKO bit=1 fs
clock Set the CPSR bit in the

f32 CPSREF register to "1"

(prescaler reset)

 Timer mode
™) * One-shot timer mode
o) * Pulse Width Measuring (PWM) mode
—oO o o\ | 1 Timer AO interrupt
. —O e} Timer AO -
Taon O _o/° | |
filter 0 « Event counter mode
» Timer mode
O * One-shot timer mode
O « PWM mode X .
*—oO ) I 1 Timer Al interrupt
- —oO o) Timer Al -
TAIN () —o/C [ |
? « Event counter mode
» Timer mode
) * One-shot timer mode
o * PWM mode
—oO o O\ I 1 Timer A2 interrupt
- —O O Timer A2 L
TA2in O _0/0 1 I
iiter 0 « Event counter mode
» Timer mode
&c * One-shot timer mode
o) * PWM mode ) )
—oO o \ I 1 Timer A3 interrupt
— —0 0 Timer A3 >
TA3N () —(0 | |
liter 0 « Event counter mode
* Timer mode
o » One-shot timer mode
o * PWM mode
—oO o Q\ I 1 Timer A4 interrupt
- —oO o) Timer A4 -
TA4N O —(C 1 |
? « Event counter mode

Timer B2 overflow or underflow

Figure 12.1 Timer A Configuration
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12. Timer

f1or f2 fg f32 fc32

N

t

PCLKO bit=0

) Clock prescaler
» Main clock f1 f1 or f2 . feao
* PLL clock o XCIN
» On-chip oscillator PCLKO bit = 1f
clock 8

Set the CPSR bit in the
32 CPSREF register to “1”
(prescaler reset)

Timer B2 overflow or underflow ( to Timer A count source)

« Timer mode
« Pulse width measuring mode,

pulse period measuring mode . .
—O - —oO Timer BO interrupt
TBon () Noise :\c | TimerBo H P
filter |

p————

» Event counter mode

» Timer mode
g « Pulse wiqth measuring mode,
. ) — s Xpulse peml)d measunn.g mode Timer B1 interrupt
N ) % o0 o | Timer B1 -
» Event counter mode
 Timer mode
O « Pulse width measuring mode,
O pulse period measuring mode i i
) — s o\ | : Timer B2 interrupt
B2 () e o0 o | Timer B2 —
» Event counter mode
Figure 12.2 Timer B Configuration
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12.1 Timer A

Figure 12.3 shows a block diagram of the timer A. Figures 12.4 to 12.6 show registers related to the timer A.
The timer A supports the following four modes. Except in event counter mode, timers A0 to A4 all have the
same function. Use the TMOD1 to TMODO bits in the TAIMR register (i = 0 to 4) to select the desired mode.
 Timer mode: The timer counts an internal count source.
» Event counter mode: The timer counts pulses from an external device or overflows and underflows of
other timers.
» One-shot timer mode: The timer outputs a pulse only once before it reaches the minimum count “000016”.
* Pulse width modulation (PWM) mode: The timer outputs pulses in a given width successively.

Data bus high-order bits S
| A
Clock source :
; Data bus low-order bits
selection + Timer - 5
f1 or fo——o0 + One shot Low-order High-order
fs —o g - PWM o | || sbits ] 8 bits
f32 —O e Timer [ Reload register |
fcao ——oO (gate function) y y
« Event counter Clock selection , 193
Polarity Counter b——
TS“N_ selection Increment/decrement
o : Always counts down except
(i=0to4) Clock selection TABSR register [in event counter mode J
I TAI Addresses TAj TAK
— 0 T@merAO 038716 - 038616 T@mer A4 T@mer Al
TB2 overfIO\(/!) To external Timer AL 038916-038816  Timer AO  Timer A2
i trigger circuit Timer A2 038B16 - 038A16  Timer AL  Timer A3
TAj overflow = — — 9% Decrement —Q Timer A3 038D16-038C16  Timer A2 Timer Ad
(=1-1. however, j =4 wheni=0) . Timer A4 038F1s- 038E1.  Timer A3 Timer AD
UDF register O
TAk overflow — O
(k =i+ 1. however, k = 0 when i = 4) ?
TAiouT Pulse output
(i=0to4)
o | } Toggle flip-flop }
NOTES:
1. Overflow or underflow
Figure 12.3 Timer A Block Diagram
Timer Ai Mode Register (i=0 to 4)
b7 b6 b5 b4 b3 b2 bl bO
| | | | | | | | | Symbol Address After Reset
B I I I I N TAOMR to TA4AMR 039616 to 039A16 0016
Vv v 4 4 v 1| BitSymbol Bit Name Function RW
porob bbb 1| TMODO Operation mode select bit | §'G : Timer mode RW
E . . . . . . 0 1 : Event counter mode
[ TMODL1 1 0 : One-shot timer mode
[ S 11 : Pulse width modulation RW
A (PWM) mode
""""" MRO Function varies with each RW
AR MR1 operation mode RW
R MR2 RW
R S MR3 RW
P Tmmseseeeeeeooo oy TCKO Count source select bit Function varies with each RW
e TCK1 operation mode RW

Figure 12.4 TAOMR to TA4MR Registers

Rev. 2.00 Jan. 31, 2007
REJ09B0047-0200

page 100 of 385

ENESAS




M16C/28 Group (M16C/28, M16C/28B)

12. Timer

Timer Ai Register (i= 0 to 4)

o5 o8 Symbol Address After Reset
( b7) (bo),ﬂ b0 TAO 038716, 038616 Indeterminate
| | TA1l 038916, 038816 Indeterminate
TA2 038B16, 038A16 Indeterminate
' TA3 038D16, 038C16 Indeterminate
' TA4 038F16, 038E16 Indeterminate
H Mode Function Setting Range RW
*---1 Timer Divide the count source by n + 1 where n =| 900016 to FEFF16 | RW
mode set value
Event Divide the count source by FFFF16 —n+ 1| 000016 to FFFFi6
counter where n = set value when counting up or RW
mode by n + 1 when counting down
One-shot Divide the count source by n where n = set| 000016 to FFFF16 |y
timer mode | value and cause the timer to stop 2,4)
Pulse width | Modify the pulse width as follows: 000016 to FFFE16
modulation [ PWM period: (216 — 1) / fj 3.4
mode High level PWM pulse width: n / fj WO
(16-bit PWM) | where n = set value, fj = count source
,,,,,,,,,,, frequency | |
Pulse width | Modify the pulse width as follows: . 0016 to FE16
modulation | PWM period: (28 — 1) x (m + 1)/ fj (nggaer{er ggdrESS)
mode High level PWM pulse width: (m + 1)n/fi | (| ow order addvess
(8-bit PWM) [ where n = high-order address set value, (Low )| wo
m = low-order address set value, fj = (3.4)
count source frequency
NOTES:

1. The register must be accessed in 16 bit units.

2. If the TAi register is set to ‘000016,’ the counter does not work and timer Ai interrupt
requests are not generated either. Furthermore, if “pulse output” is selected, no pulses are
output from the TAIOUT pin.

3. If the TAi register is set to ‘000016, the pulse width modulator does not work, the output
level on the TAIOUT pin remains low, and timer Ai interrupt requests are not generated
either. The same applies when the 8 high-order bits of the timer TAi register are set to ‘000
016’ while operating as an 8-bit pulse width modulator.

4. Use the MOV instruction to write to the TAi register.

5. The timer counts pulses from an external device or overflows or underflows in other timers.

Count Start Flag

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
| | TABSR 038016 0016
E E i Bit Symbol Bit Name Function RW
TA0S Timer AO count start flag 0: Stops counting RW
I TALS Timer Al count start flag 1: Starts counting RW
T TA2S Timer A2 count start flag RW
TA3S Timer A3 count start flag RW
TA4S Timer A4 count start flag RW
S GODREEETEEEEE TBOS Timer BO count start flag RW
SRRRCEEEEELEEE R, TB1S Timer B1 count start flag RW
b TB2S Timer B2 count start flag RW
Up/down Flag ()
b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
| UDF 038416 0016
E , . . , . Bit Symbol Bit Name Function RW
o ¢+ +] TAOUD |Timer A0 up/down flag 0 : Down count RW
Vo I - 1: Up count —
P i ----1 TALUD |Timer Al up/down flag ) | Rw
[ ' Enabled by setting the MR2 bit in [—
o e TA2UD | Timer A2 up/down flag the TAIMR register to “0” RW
T T - - (= switching source in UDF RW
N TASUD | Timer A3 up/down flag register) during event counter
Pl e TA4UD | Timer A4 up/down flag mode. RW
R TA2P Timer A2 two-phase pulse | 0 - two-phase pulse signal Wwo
. signal processing select bit processing disabled
. 1 : two-phase pulse signal I
S TA3P Timer A3 two-phase pulse processing enabled WO
. signal processing select bit @3
E _______________________ TA4P Timer A4 two-phase pulse WO
signal processing select bit

NOTES:
1. Use MOV instruction to write to this register.

2: Make sure the port direction bits for the TA2IN to TA4IN and TA20uT to TA40UT pins are set to
"0” (input mode).

3. When not using the two-phase pulse signal processing function, set the corresponding bit to “0”.

Figure 12.5 TAO to TA4 Registers, TABSR Register, and UDF Register
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12. Timer

One-shot Start Flag

b7 b6 b5 b4 b3 b2 bl bo
| | | | | | | | | Symbol Address After Reset
S N N S N N S ONSF 038216 0016
i+ 4+ 1| Bit Symbol Bit Name Function RW
. TA0OS | Timer AO one-shot start flag | The timer starts counting by setting | RW
N - this bit to “1” while the TMOD1 to RW
A TA10S Timer Al one-shot start flag | T\voDO bits of TAIMR register (i =
T — TA20S | Timer A2 one-shot start flag | O {0 4) = "102' (= one-shot timer RW
[ T mode) and the MR2 bit of TAIMR
H ECLEEEs TA30S Timer A3 one-shot start flag | register = “0” (=TAIOS bit enabled). [RW
- When read, its content is “0”.
R GCLGREEEEEEE TA40S | Timer A4 one-shot start flag RW
o . . 0 : Z-phase input disabled
S LLCTEERERRRES TAZIE g RW
Z-phase input enable bit 1 Z-phase input enabled
e TAOTGL | Timer AO event/trigger b7 b6 )
' select bit 99 00 : Input on TAO N is selected® RW
H 0 1: TB2 overflow is selected
e TAOTGH 10: TA4 overflow is selected @ RW
11:TA1L overflow is selected @
NOTES:
1. Make sure the PD7_1 bit in the PD7 register is set to “0” (input mode).
2. Overflow or underflow
Trigger Select Register
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address After Reset
| | TRGSR 038316 0016
oo v 0| Bit Symbol Bit Name Function RW
A b1 b0
Coror T TALTGL ) ) 00 : Input on TALIN is selected (1) RW
A T'flnef /;1 event/trigger 01:TB2is selected (2)
Voo select bit . i
T TR A S 10:TAO is selected (2) RW
e TALTGH 11:TA2is selected (2)
A b3 b2 ",
e TA2TGL ) . 0 0 : Input on TA2N is selected (1)
P Igl*;irt ﬁif event/trigger 01:TB2is selected (2)
R 10:TALlis selected (2)
P TAZTGH 11:TA3 s selected (2) RwW
[ b5 b4 RW
e TA3TGL ) ) 0 0 : Input on TA3IN is selected (1)
oo Timer AT? eventftrigger 01:TB2is selected (2)
. select bit : .
N SRR TA3TGH 10:TA2 s selected (2) RW
v 11:TA4is selected (2)
P b7 b6
[ TA4TGL . . 0 0 : Input on TA4N is selected (1) RW
: Timer A4 event/irigger 01:TB2is selected (2)
B e select bit 10:TA3 s selected (2) RW
TA4TGH 11:TAOis selected (2)
NOTES:
1. Make sure the port direction bits for the TA1 IN to TA4IN pins are set to “0” (= input mode).
2. Overflow or underflow
Clock Prescaler Reset Flag
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address After Reset
NN N NFNINZ CPSRF 038116 OXXXXXXX2
por o 0 Bt Symbol Bit Name Function RW
—_ Nothing is assigned. When write, set to “0". _
v (b6-b0) | When read, the contents are indeterminate
: Setting this bit to “1” initializes the
P — CPSR |Clock prescaler reset flag | prescaler for the timekeeping clock. RW
(When read, the content is “0")

Figure 12.6 ONSF Register, TRGSR Register, and CPSRF Register
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12.1.1 Timer Mode

In timer mode, the timer counts a count source generated internally (see Table 12.1). Figure 12.7 shows
TAIMR register in timer mode.

Table 12.1 Specifications in Timer Mode

Item

Specification

Count source

f1, f2, f8, f32, fc32

Count operation

» Decrement
* When the timer underflows, it reloads the reload register contents and continues counting

Divide ratio

1/(n+1) n: setvalue of TAiregister (i=0to4) 000016 to FFFF16

Count start condition

Set TAIS bit in the TABSR register to “1” (start counting)

Count stop condition

Set TAIS bit to “0” (stop counting)

Interrupt request generation timing

Timer underflow

TAIIN pin function

I/O port or gate input

TAiouT pin function

I/O port or pulse output

Read from timer

Count value can be read by reading TAi register

Write to timer

* When not counting and until the 1st count source is input after counting start
Value written to TAI register is written to both reload register and counter
* When counting (after 1st count source input)
Value written to TAI register is written to only reload register
(Transferred to counter when reloaded next)

Select function

* Gate function
Counting can be started and stopped by an input signal to TAIIN pin

« Pulse output function
Whenever the timer underflows, the output polarity of TAIoOUT pin is inverted.
When not counting, the pin outputs a low.

Timer Ai Mode Register (i=0 to 4)

b7 b6 b5 b4 b3 b2 bl bo

NOTE:

Symbol Address After Reset
| | | 0 | | | | 0 | 0 | TAOMR to TA4MR 039616 to 039A16 0016
Bit Symbol Bit Name Function RW
TMODO Operation mode b0 RW
T™MODL | select bit 00 : Timer mode RW
Pul tout functi 0 : Pulse is not output
ulse output function (TAiouT pin is a normal port pin)
------- MRO X
select bit 1: Pulse is output RW
(TAiouT pin is a pulse output pin)
b4 b3
00:1 Gate function not available
""""" MR1 01:4 (TAiIN pin functions as I/O port) RwW
Gate function select bit 1 0 : Counts while input on the TAi IN pin
is low (1)
............. MR2 11: Counts while input on the TAi IN pin | RW
is high(®)
----------------- MR3 Set to “0” in timer mode RW
b7 b6
""""""""""" TCKO 00:fiorf2 RW
Count source select bit 01:fs
________________________ 10:f32
TCK1 11:fca2 RW

1. The port direction bit for the TAIIN pin must be set to “0” (input mode).

Figure 12.7 Timer Ai Mode Register in Timer Mode
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M16C/28 Group (M16C/28, M16C/28B) 12. Timer

12.1.2 Event Counter Mode

In event counter mode, the timer counts pulses from an external device or overflows and underflows of
other timers. Timers A2, A3 and A4 can count two-phase external signals. Table 12.2 lists specifications
in event counter mode (when not processing two-phase pulse signal). Table 12.3 lists specifications in
event counter mode (when processing two-phase pulse signal with the timers A2, A3 and A4). Figure
12.8 shows TAIMR register in event counter mode (when not processing two-phase pulse signal). Figure
12.9 shows TA2MR to TA4MR registers in event counter mode (when processing two-phase pulse signal
with the timers A2, A3 and A4).

Table 12.2 Specifications in Event Counter Mode (when not processing two-phase pulse signal)
Item Specification

Count source « External signals input to TAIiIN pin (i=0 to 4) (effective edge can be selected
in program)

* Timer B2 overflows or underflows,
timer Aj (j=i-1, except j=4 if i=0) overflows or underflows,
timer Ak (k=i+1, except k=0 if i=4) overflows or underflows

Count operation * Increment or decrement can be selected by external signal or program

< When the timer overflows or underflows, it reloads the reload register con-
tents and continues counting. When operating in free-running mode, the
timer continues counting without reloading.

Divided ratio 1/ (FFFF16 - n + 1) for increment
1/ (n + 1) for down-count  n: set value of TAi register 000016 to FFFF16
Count start condition Set TAIS bit in the TABSR register to “1” (start counting)
Count stop condition Set TAIS bit to “0” (stop counting)
Interrupt request generation timing | Timer overflow or underflow
TAIIN pin function I/O port or count source input
TAiourT pin function I/O port, pulse output, or up/down-count select input
Read from timer Count value can be read by reading TAi register
Write to timer » When not counting and until the 1st count source is input after counting start

Value written to TAi register is written to both reload register and counter
* When counting (after 1st count source input)
Value written to TAI register is written to only reload register
(Transferred to counter when reloaded next)
Select function * Free-run count function
Even when the timer overflows or underflows, the reload register content is
not reloaded to it
 Pulse output function
Whenever the timer underflows or underflows, the output polarity of TAiout
pin is inverted . When not counting, the pin outputs a low.
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Timer Ai Mode Register (i=0 to 4)
(When not using two-phase pulse signal processing)
br b6 DbS b4 b3 bz D1 B0 Symbol Address After Reset
| | | 0| | | | 0 | 1 | TAOMR to TA4MR 039616 to 039A16 0016
P44 1| Bit Symbol Bit Name Function RW
i+ 1 4 4 =1 TMODO | Operation mode select bit | o1 RW
Vo e TMOD1 0 1 : Event counter mode (1) RW
MRO Pulse output function 0: Pulse is not output
oo select bit (TAiourt pin functions as 1/0O port) RW
N 1: Pulse is output
oo (TAiout pin functions as pulse output pin)
oo ] MR1 Count polarity 0 : Counts external signals falling edge | gy
A select bit () 1 : Counts external signal's rising edge
R S MR2 Up/down switching 0 : UDF register RW
Vo cause select bit 1 : Input signal to TAiouT pin ()
L RRREEREEEEEEL MR3 Set to “0” in event counter mode RW
L TCKO Count operation type 0 : Reload type
' select bit 1: Free-run type RW
] TCK1 Can be “0” or “1” when not using two-phase pulse signal RW
processing
NOTES:
1. During event counter mode, the count source can be selected using the ONSF and TRGSR registers.
2. Effective when the TAITGH and TAITGL bits in the ONSF or TRGSR register are ‘002’ (TAIIN pin input).
3. Count down when input on TAiouT pin is low or count up when input on that pin is high. The port
direction bit for TAiouT pin must be set to “0” (input mode).

Figure 12.8 TAIMR Register in Event Counter Mode (when not using two-phase pulse signal

processing)
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Table 12.3 Specifications in Event Counter Mode
(when processing two-phase pulse signal with timers A2, A3 and A4)

Item

Specification

Count source

» Two-phase pulse signals input to TAiIN or TAIOUT pins (i = 2 to 4)

Count operation

* Increment or down-count can be selected by two-phase pulse signal

< When the timer overflows or underflows, it reloads the reload register con-
tents and continues counting. When operating in free-running mode, the
timer continues counting without reloading.

Divide ratio

1/ (FFFF16 - n + 1) for increment
1/ (n + 1) for down-count n : set value of TAi register 000016 to FFFF16

Count start condition

Set TAIS bit in the TABSR register to “1” (start counting)

Count stop condition

Set TAIS bit to “0” (stop counting)

Interrupt request generation timing

Timer overflow or underflow

TAIIN pin function

Two-phase pulse input

TAiouT pin function

Two-phase pulse input

Read from timer

Count value can be read by reading timer A2, A3 or A4 register

Write to timer

* When not counting and until the 1st count source is input after counting start
Value written to TAi register is written to both reload register and counter
* When counting (after 1st count source input)
Value written to TAI register is written to reload register
(Transferred to counter when reloaded next)

Select function (Note)

» Normal processing operation (timer A2 and timer A3)
The timer counts up rising edges or counts down falling edges on TAjIN pin
when input signals on TAjouT pin is “H”.

TAjouT J L
wn A LA LA ] e

0:2,3) Increment Increment Increment Decrement  Decrement  Decrement

« Multiply-by-4 processing operation (timer A3 and timer A4)
If the phase relationship is such that TAkin(k=3, 4) pin goes “H” when the
input signal on TAkouT pin is “H”, the timer counts up rising and falling
edges on TAkouT and TAKIN pins. If the phase relationship is such that
TAKIN pin goes “L” when the input signal on TAkouT pin is “H”, the timer
counts down rising and falling edges on TAkouT and TAKIN pins.

wor FYFVE pEvd L

Increment all edges Decrement all edges
TAKIN
o Ky FY A Aoy
N\ — —
~" ~"
Increment all edges Decrement all edges

« Counter initialization by Z-phase input (timer A3)
The timer count value is initialized to 0 by Z-phase input.

Notes:

1. Only timer A3 is selectable. Timer A2 is fixed to normal processing operation, and timer A4 is fixed to
multiply-by-4 processing operation.
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Timer Ai Mode Register (i=2 to 4)
(When using two-phase pulse signal processing)
b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
| | | 0 | 1 | 0 | 0 | 0 | 1 | TA2MR to TAAMR 039816 to 039A16 0016
P 14| Bit Symbol Bit Name Function RW
v+ =1 TMODO | operation mode select bit | RW
R TMOD1 0 1: Event counter mode RW
T T R S MRO To use two-phase pulse signal processing, set this bit to “0”. RW
R MR1 . . e
b To use two-phase pulse signal processing, set this bit to “0”. RW
R SRREEEEEEEE MR2 To use two-phase pulse signal processing, set this bit to “1”. RW
O MR3 To use two-phase pulse signal processing, set this bit to “0”. RW
b ] TCKO Count operation type 0 : Reload type RW
: select bit 1: Free-run type
, Two-phase pulse signal . .
] TCK1 processing operation 0 : Normal processing operation RW
select bit 1)) 1 : Multiply-by-4 processing operation
NOTES:
1. TCK1 bit is valid for timer A3 mode register. No matter how this bit is set, timers A2 and A4 always operate in
normal processing mode and x4 processing mode, respectively.
2. If two-phase pulse signal processing is desired, following register settings are required:
« Set the TAIP bit in the UDF register to “1” (two-phase pulse signal processing function enabled).
« Set the TAITGH and TAITGL bits in the TRGSR register to ‘002’ (TAIIN pin input).
« Set the port direction bits for TAiIN and TAiouT to “0” (input mode).

Figure 12.9 TA2MR to TA4MR Registers in Event Counter Mode (when using two-phase pulse
signal processing with timer A2, A3 or A4)
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12.1.2.1 Counter Initialization by Two-Phase Pulse Signal Processing
This function initializes the timer count value to “0” by Z-phase (counter initialization) input during two-
phase pulse signal processing.

This function can only be used in timer A3 event counter mode during two-phase pulse signal process-
ing, free-running type, x4 processing, with Z-phase entered from the INT2 pin.

Counter initialization by Z-phase input is enabled by writing “000016” to the TA3 register and setting
the TAZIE bit in ONSF register to “1” (Z-phase input enabled).

Counter initialization is accomplished by detecting Z-phase input edge. The active edge can be cho-
sen to be the rising or falling edge by using the POL bit in the INT2IC register. The Z-phase pulse width
applied to the INT2 pin must be equal to or greater than one clock cycle of the timer A3 count source.

The counter is initialized at the next count timing after recognizing Z-phase input. Figure 12.10 shows
the relationship between the two-phase pulse (A phase and B phase) and the Z phase.

If timer A3 overflow or underflow coincides with the counter initialization by Z-phase input, a timer A3
interrupt request is generated twice in succession. Do not use the timer A3 interrupt when using this
function.

TA3ouT T
(A phase)

B L L 1
countsowee [ 1 [1 1 T M LT T T
E)Zha;l;) ﬁ

' Input equal to or greater than one clock cycle
of count source

Timer A3 - X mXmaxX 1 X 2 X 3X 4 X5

NOTES:
1. This timing diagram is for the case where the POL bit in the INT2IC register is set to “1” (rising edge).

Figure 12.10 Two-phase Pulse (A phase and B phase) and the Z Phase
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12.1.3 One-shot Timer Mode

In one-shot timer mode, the timer is activated only once by one trigger. (See Table 12.4) When the
trigger occurs, the timer starts up and continues operating for a given period. Figure 12.11 shows the
TAIMR register in one-shot timer mode.

Table 12.4 Specifications in One-shot Timer Mode

Iltem Specification
Count source f1, f2, f8, f32, fc32
Count operation e Decrement

» When the counter reaches 000016, it stops counting after reloading a new value
« If atrigger occurs when counting, the timer reloads a new count and restarts counting

Divide ratio 1/n  n:setvalue of TAi register 000016 to FFFF16
However, the counter does not work if the divide-by-n value is set to 000016.
Count start condition TAIS bit in the TABSR register is set to “1” (start counting) and one of the

following triggers occurs.

« External trigger input from the TAIIN pin

 Timer B2 overflow or underflow,
timer Aj (j=i-1, except j=4 if i=0) overflow or underflow,
timer Ak (k=i+1, except k=0 if i=4) overflow or underflow

« The TAIOS bit in the ONSF register is set to “1” (timer starts)

Count stop condition * When the counter is reloaded after reaching “000016”

« TAIS bit is set to “0” (stop counting)

Interrupt request generation timing | When the counter reaches “000016”

TAIIN pin function I/O port or trigger input

TAiouT pin function I/O port or pulse output

Read from timer An indeterminate value is read by reading TAi register

Write to timer * When not counting and until the 1st count source is input after counting start

Value written to TAI register is written to both reload register and counter
* When counting (after 1st count source input)
Value written to TAI register is written to only reload register
(Transferred to counter when reloaded next)
Select function * Pulse output function

The timer outputs a low when not counting and a high when counting.

Rev. 2.00 Jan. 31, 2007 page 109 of 385 RENESAS
REJ09B0047-0200



M16C/28 Group (M16C/28, M16C/28B)
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Timer Ai Mode Register (i=0 to 4)

b7 b6 b5 b4 b3 b2 bl b0

2. The port direction bit for the TAiIN pin must be set to “0” (in

put mode).

Symbol Address After Reset
| | | 0 | | | | 1 | 0 | TAOMR to TA4MR 39616 to 039A16 0016

t 11 1 1 1 [ BitSymbol Bit Name Function RW
E E E E E 5 E [ TMODO Operation mode select bit blbcl)) 0 hot ti d RW
AT . TMOD1 1 0 : One-shot timer mode RW
oo MRO Pulse output function 0 : Pulse is not output
e select bit (TAiouT pin functions as I/O port) RW
Vo 1: Pulse is output
(TAiourT pin functions as a pulse output pin)
S MR1 External trigger select 0 : Falling edge of input signal to TAiN pin () RW
i E E E bit (1) 1: Rising edge of input signal to TAiN pin (2
b MR2 | Trigger select bit 0 : TAIOS bit is enabled
A 1: Selected by TAITGH to TAITGL bits RW
B SRRREELELEELE MR3 | set to “0” in one-shot timer mode RW
R RCLERECEEEEEEEEE TCKO Count source select bit | RW
' 00:fiorf2
! 01:fs

TCK1 10:f3 RW

11:fcs32
NOTES:

1. Effective when the TAITGH and TAITGL bits in the ONSF or TRGSR register are ‘002’ (TAIIN pin input).

Figure 12.11 TAIMR Register in One-shot Timer Mode
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12.1.4 Pulse Width Modulation (PWM) Mode
In PWM mode, the timer outputs pulses of a given width in succession (see Table 12.5). The counter
functions as either 16-bit pulse width modulator or 8-bit pulse width modulator. Figure 12.12 shows
TAIMR register in pulse width modulation mode. Figures 12.13 and 12.14 show examples of how a 16-
bit pulse width modulator operates and how an 8-bit pulse width modulator operates.

Table 12.5 Specifications in Pulse Width Modulation Mode

ltem Specification
Count source f1, f2, fs, f32, fc32
Count operation « Decrement (operating as an 8-hit or a 16-bit pulse width modulator)

« The timer reloads a new value at a rising edge of PWM pulse and continues counting
* The timer is not affected by a trigger that occurs during counting

16-bit PWM * High level width n/fj n : set value of TAi register (i=o to 4)

« Cycletime (216-1)/fjfixed fj: count source frequency (f1, f2, fs, f32, fc32)
8-bit PWM * High level width nx(m+1)/ff n:setvalue of TAi register high-order address

« Cycletime (28-1) x (m+1)/fi m: set value of TAi register low-order address
Count start condition * TAIS bit in the TABSR register is set to “1” (= start counting)

* The TAIS bit = 1 and external trigger input from the TAIIN pin
» The TAIS bit = 1 and one of the following external triggers occurs
* Timer B2 overflow or underflow,

timer Aj (j=i-1, except j=4 if i=0) overflow or underflow,

timer Ak (k=i+1, except k=0 if i=4) overflow or underflow

Count stop condition TAIS bit is set to “0” (stop counting)

Interrupt request generation timing | PWM pulse goes “L”

TAIIN pin function I/O port or trigger input

TAiouT pin function Pulse output

Read from timer An indeterminate value is read by reading TAi register

Write to timer » When not counting and until the 1st count source is input after counting start

Value written to TAI register is written to both reload register and counter
* When counting (after 1st count source input)

Value written to TAI register is written to only reload register

(Transferred to counter when reloaded next)
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Timer Ai Mode Register (i=0to 4)

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | 1 | 1 | Symbol Address After Reset
S KN N N S S TAOMR to TAAMR 039616 to 039A16 0016
E ' ' ' ' ' Bit Symbol Bit Name Function RW
¢ 11 4+ 1 1 1 -1 TMODO [Operation mode oreo. RW
A TMOD1 | select bit 11:PWM mode RW
E ' E : E E i 0: Pulse is not output(TAIOUT pin functions as I/O port)
T L R MRO PU||S€t (E‘Flttput funcion 1: Pulse is output(TAIOUT pin functions as a pulse RW
Vo select bi output pin)
oo ] MR1 External trigger select 0: Falling edge of input signal to TAiiN pin@ RW
! E ' E bit (1) 1: Rising edge of input signal to TAiIN pin(®
A T T MR2 Trigger select bit 0 : Write “1” to TAIS bit in the TASF register | ryy
. 1: Selected by TAITGH to TAITGL bits
E E e ] MR3 16/8-bit PWM mode 0: Functions as a 16-bit pulse width modulator RW
. select bit 1: Functions as an 8-bit pulse width modulator
E E b7 b6
VooTTTTTT e TCKO Count source selectbit |00 : f1or f2 RW
01:fs
] 10:f32

TCKL 11:fcs2 RW

NOTES:

1. Effective when the TAITGH and TAITGL bits in the ONSF or TRGSR register are ‘002’ (TAIIN pin input).

2. The port direction bit for the TAiIN pin must be set to “0” ( input mode).

Figure 12.12 TAIMR Register in Pulse Width Modulation Mode
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Count source
Input signal to H f | }\ _____________
TAIIN pin e |

PWM pulse output  “H” ‘
from TAiouT pin | L |

IR bit of TAIIC “1"
register P L R
fi : Frequency of count source \ /

- O(ftlo]z fa, fa2, fca2) Set to “0” upon accepting an interrupt request or by program
NOTES:
1. n = 000016 to FFFE16.
2. This timing diagram is for the case where the TAi register is "000316", the TAITGH and TAITGL bits in the
ONSF or TRGSR register is set to "002" (TAIIN pin input), the MR1 bit in the TAIMR register is set to "1" (rising
edge), and the MR2 bit in the TAIMR register is set to "1" (trigger selected by TAITGH and TAITGL bits).

Figure 12.13 Example of 16-bit Pulse Width Modulator Operation

Count source (1) T :
Ui :

Input signal to H
TAIIN pin e };

ottt e T

PWM pulse output H

from TAiouT pin L ' o

IR bit of TAIIC T |—| |_
register 0

fi: Frequency of count source
(fa, f2, fs, f32, fc32) Set to “0” upon accepting an interrupt request or by program
i=0to4

NOTES:
1. The 8-bit prescaler counts the count source.
2. The 8-bit pulse width modulator counts the 8-bit prescaler's underflow signal.
3. m = 0016 to FF16; n = 0016 to FE16.
4. This timing diagram is for the case where the TAi register is "020216", the TAITGH and TAITGL bits in the ONSF
or TRGSR register is set to "002"(TAiIN pin input), the MR1 bit in the TAIMR register is set to "0" (falling edge), and
the MR2 bit in the TAIMR register is set to "1" (trigger selected by TAITGH and TAITGL bits).

Figure 12.14 Example of 8-bit Pulse Width Modulator Operation
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12.2 Timer B

Figure 12.15 shows a block diagram of the timer B. Figures 12.16 and 12.17 show registers related to the

timer B.

Timer B supports the following four modes. Use the TMOD1 and TMODO bits in the TBiMR register (i = 0 to

2) to select the desired mode.
* Timer mode: The timer counts the internal count source.

» Event counter mode: The timer counts the external pulses or overflows and underflows of other timers.
* Pulse period/pulse width measurement mode: The timer measures the pulse period or pulse width of

external signal.

» A/D trigger mode: The timer starts counting by one trigger until the count value becomes 00001s6.

This mode is used together with simultaneous sample sweep mode or delayed trigger mode 0 of A/D

converter to start A/D conversion.

Clock source selection

{ Data bus high-order bits

S Data bus low-order bits

|

Low-order 8 bits U

High-order 8 bits

f f « Timer mode
iori2—o . Pulse_period/, pulse width measuring mode | Reload register |
f8 —o « A/D trigger mode -
f32 —o Clock selection ] J l [
fcaz o) « Event counter Counter |
A
; Polarity switching, TABSR register
TBiiNn giste
(i=01t02) O— edge pulse
Can be selected in Counter reset circuit I—
onlyevent counter mode
) TBi Address TBj
TBjoverflow (1) - Timer BO  039116-039016  Timer B2
(i=i-1,except j=2ifi=0) Timer B1 039316 - 039216 Timer BO
Timer B2 039516 - 039416 Timer B1
NOTE:
1. Overflow or underflow.
Figure 12.15 Timer B Block Diagram
Timer Bi Mode Register (i=0 to 2)
b7 b6 b5 b4 b3 b2 bl bo
| | | | | | | | Symbol Address After Reset
— TBOMR to TB2MR  039B16 to 039D16 00XX00002
[ Bit Symbol Bit Name Function RW
- R .| b1bo
borob o b { TMODO Operation mode select bit | 0 0 : Timer mode or A/D trigger mode RW
oor o ! 0 1: Event counter mode
- 1 0 : Pulse period measurement mode,
A TMOD1 pulse width measurement mode RW
- 11: Do not set
[ MRO . o .
oo e Function varies with each operation RW
R MR1 mode RW
T RW1
R e e e Eh MR2 F--- W( -) 1
. — @
L GGREEEEEEEEE MR3 RO
I RRCLCEEEERRERRRS TCKO ) Function varies with each operation RW
i Count source select bit d
R TCK1 moae RW
NOTES:
1. Timer BO.
2. Timer B1, Timer B2.
Figure 12.16 TBOMR to TB2MR Registers
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Timer Bi Register (i=0 to 2)1)

Symbol Address After Reset
(b15 (b8) TBO 039116, 039016 Undefined
b7 b0 b7 bo TB1 039316, 039216 Undefined
| TB2 039516, 039416 Undefined
Mode Function Setting Rrange |RW
Timer mode Divide the count source by n + 1 000016 to FFFF16 RW
where n = set value
Event counter Divide the count source by n + 1 000016 to FFFF16 RW
mode where n = set value @
Pulse period Measures a pulse period or width
modulation mode, RO
Pulse width
modulation mode
A/D trigger Divide the count source by n + 1 where | 000016 to FFFF16 RW
mode ) n = set value and cause the timer stop
NOTES:
1.The register must be accessed in 16 bit units.
2. The timer counts pulses from an external device or overflows or underflows of other timers.
3. When this mode is used combining delayed trigger mode 0, set the larger value than the
value in the timer BO register to the timer B1 register.
Count Start Flag
b7 b6 b5 b4 b3 b2 bl bo
| | | | | | | | | Symbol Address After Reset
B A TABSR 038016 0016
Cororororor o4 4| Bit Symbol Bit Name Function RW
A TAOS Timer A0 count start flag 0: Stops counting RW
L A . TA1S Timer Al count start flag 1: Starts counting RW
— TA2S Timer A2 count start flag RW
ittt TA3S Timer A3 count start flag RW
I T T R TA4S Timer A4 count start flag RW
o TBOS Timer BO count start flag RW
e TB1S Timer B1 count start flag RW
T RGETTEEEPEEPEEEEEEEE TB2S Timer B2 count start flag RW
Clock Prescaler Reset flag
b7 b6 b5 b4 b3 b2 bl bO
Symbol Address After Reset
CPSRF 038116 OXXXXXXX16
¢ v v | Bit Symbol Bit Name Function RW
Poiodiodio il —— | Nothing is assigned. If necessary, set to 0. When read, the _
(06-b0) | contents are undefined
Clock prescaler reset flag [ Setting this bit to 1 initializes the
e CPSR prescaler for the timekeeping clock. RW
(When read, the value of this bit is 0)

Figure 12.17

TBO to TB2 Registers, TABSR Register, CPSRF Register
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12.2.1 Timer Mode

In timer mode, the timer
shows TBIMR register in

counts a count source generated internally (see Table 12.6). Figure 12.18

timer mode.

Table 12.6 Specifications in Timer Mode

Item

Specification

Count source

f1, f2, f8, f32, fc32

Count operation

» Decrement
* When the timer underflows, it reloads the reload register contents and
continues counting

Divide ratio

1/(n+1) n: set value of TBi register (i=0to2) 000016 to FFFF16

Count start condition

Set TBiS hit(Note) to “1” (start counting)

Count stop condition

Set TBIS bit to “0” (stop counting)

Interrupt request generation timing

Timer underflow

TBIIN pin function

1/O port

Read from timer

Count value can be read by reading TBi register

Write to timer

» When not counting and until the 1st count source is input after counting start
Value written to TBi register is written to both reload register and counter
* When counting (after 1st count source input)
Value written to TBi register is written to only reload register
(Transferred to counter when reloaded next)

NOTE:

1. The TBOS to TB2S bits are assigned to the bit 5 to bit 7 in the TABSR register.

b7 b6 b5 b4 b3 b2 bl b0

[TTLITIolo]

Timer Bi Mode Register (i= 0 to 2)

Symbol Address After Reset
TBOMR to TB2MR 039B16 to 039D 16 00XX00002
Bit Symbol Bit Name Function RW
TMODO i it | P RW
Operation mode select bit 0 0 : Timer mode or A/D trigger mode
TMOD1 RW
MRO No effect in timer mode RW
MR1 Can be set to “0” or “1” RW
MR2 TBOMR register
Set to “0” in timer mode RW
TB1IMR, TB2MR registers
Nothing is assigned. When write, set to “0”. When read, its J—
content is indeterminate
MR3 When write in timer mode, set to “0”. RO
When read in timer mode, the content is indeterminate.
Count lect bit o708
TCKO ount source select bi 00:f10rf2 RW
01:fs
TCK1 10:f32 RW
11:fc32

Figure 12.18 TBiMR Regis

ter in Timer Mode
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12. Timer

12.2.2

Event Counter Mode

In event counter mode, the timer counts pulses from an external device or overflows and underflows of

other timers (see Table 12.7) . Figure 12.19 shows the TBIMR register in event counter mode.

Table 12.

7 Specifications in Event Counter Mode

ltem Specification

Count source

in program)
 Timer Bj overflow or underflow (j=i-1, except j=2 if i=0)

« External signals input to TBiIN pin (i=0 to 2) (effective edge can be selected

Count operation » Decrement
» When the timer underflows, it reloads the reload register contents and

continues counting

» When counting (after 1st count source input)

(Transferred to counter when reloaded next)

Divide ratio 1/(n+1) n: set value of TBi register =~ 000016 to FFFF16

Count start condition Set TBiS bit! to “1” (start counting)

Count stop condition Set TBIS bit to “0” (stop counting)

Interrupt request generation timing | Timer underflow

TBIIN pin function Count source input

Read from timer Count value can be read by reading TBi register

Write to timer » When not counting and until the 1st count source is input after counting start

Value written to TBi register is written to both reload register and counter

Value written to TBi register is written to only reload register

NOTE:

1. The TBOS to TB2S bits are assigned to the bit 5 to bit 7 in the TABSR register.

Timer Bi Mode Register (i=0 to 2)

b7 b6 b5 b4 b3 b2 bl bO

(=i—1,exceptj=2ifi=0)

Symbol Address After Reset

| | | | | 0| 1| TBOMR to TB2MR  039B16 to 039D16  00XX00002
o+ 4+ 1 1 1+ 1 | BitSymbol Bit Name Function RW
¢+ ¢ 1 1 1 1 =1 TMODO | Qperation mode select bit | b RW
R R 01: Event counter mode
- TMOD1 RW
A MRO Count polarity select b3b2 o
Lttt bit (1) 0 0 : Counts external signal's RW
P falling edges
. 0 1: Counts external signal's
Vo rising edges
. MR1 10 : Counts external signal's
' : : : falling and rising edges RW
P 11 : Must not be set
Vo TBOMR register
AR MRZ | setto'0"intimermode | RV
P TB1MR, TB2MR registers
. Nothing is assigned. When write, set to “0”. When read, its -
T content is indeterminate.
H . . MR3 When write in event counter mode, set to “0”. When read in event
[ counter mode, its content is indeterminate. RO
: : ____________________ TCKO No effect in event counter mode.
i Can be set to “0” or “1". RW
E TCK1 Event clock select 0 : Input from TBiIN pin (2)
""""""""""""" 1: TBj overflow or underflow RW

NOTES:

1. Effective when the TCK1 bit is set to “0” (input from TBIIN pin). If the TCK1 bit is set to “1” (TBj overflow or
underflow), these bits can be set to “0” or “1”.
2. The port direction bit for the TBiIN pin must be set to “0” (= input mode).

Figure 12.19 TBiMR Register in Event Counter Mode
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12.2.3 Pulse Period and Pulse Width Measurement Mode
In pulse period and pulse width measurement mode, the timer measures pulse period or pulse width of an
external signal (see Table 12.8). Figure 12.20 shows the TBIMR register in pulse period and pulse width
measurement mode. Figure 12.21 shows the operation timing when measuring a pulse period. Figure
12.22 shows the operation timing when measuring a pulse width.

Table 12.8 Specifications in Pulse Period and Pulse Width Measurement Mode

ltem Specification
Count source f1, f2, f8, 32, fc32
Count operation * Increment

« Counter value is transferred to reload register at an effective edge of mea-

surement pulse. The counter value is set to “000016” to continue counting.

Count start condition Set TBIS (i=0 to 2) bit 3 to “1” (start counting)

Count stop condition Set TBIS bit to “0” (stop counting)

Interrupt request generation timing| « When an effective edge of measurement pulse is input (1)

« Timer overflow. When an overflow occurs, MR3 bit in the TBIMR register is set to
“1" (overflowed) simultaneously. MR3 bit is cleared to “0” (no overflow) by writ-
ing to TBIMR register at the next count timing or later after MR3 bit was set to
“1". At this time, make sure TBIS bit is set to “1” (start counting).

TBIIN pin function Measurement pulse input

Read from timer Contents of the reload register (measurement result) can be read by reading TBi register (2
Write to timer Value written to TBi register is written to neither reload register nor counter
Notes:

1. Interrupt request is not generated when the first effective edge is input after the timer started counting.
2. Value read from TBi register is indeterminate until the second valid edge is input after the timer starts counting.
3. The TBOS to TB2S bits are assigned to the bit 5 to bit 7 in the TABSR register .

Timer Bi Mode Register (i=0 to 2)

b7 b6 b5 b4 b3 b2 bl bo
| | | | |1|0| Symbol Address After Reset

TBOMR to TB2MR 039B16 to 039D16  00XX00002

A T Symbol Bit Name Function RW
T T - BT50
T TMODO Orieratlqun mode 10: Pulse period / pulse width RW
e TMOD1 select bit measurement mode RW
: b3 b2
H MRO Measurement mode . .

select bit 0 0 : Pulse period measurement

(Measurement between a falling edge and the RW

next falling edge of measured pulse)

: Pulse period measurement

(Measurement between a rising edge and the next

MR1 rising edge of measured pulse)

10: Pulse width measurement
(Measurement between a falling edge and the
next rising edge of measured pulse and between
a rising edge and the next falling edge)

11 : Do not be set.

MR2 TBOMR register RW
Set to “0” in pulse period and pulse width measurement mode

o TBIMR, TB2MR registers
o Nothing is assigned. When write, set to “0". When read, its content turns out to be —_—
indeterminate.

0

=

RW

H L MR3 Timer Bi overflow 0 : Timer did not overflow

H flag @ 1: Timer has overflowed RO

1 ' b7 b6

R R bbbt TCKO ge?lggl[ ks)ic:urce 00:fiorf2 RW

H 01:fs

H 10:fs2

....................... TCK1 RW
c 11:fcs2

NOTES:
1.This flag is indeterminate after reset. When the TBIS bit is set to "1" (start counting), the MR3 bit is cleared to “0” (no overflow)
by writing to the TBiIMR register at the next count timing or later after the MR3 bit was set to “1” (overflowed). The MR3 bit
cannot be set to “1” by program. The TBOS to TB2S bits are assigned to the bit 5 to bit 7 in the TABSR register.

Figure 12.20 TBiIMR Register in Pulse Period and Pulse Width Measurement Mode
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Count source --

Measurement pulse

ransfer Transfer
ndeterminate value) /(measured value)

~

=

transfer timing

Timing at which counter
reaches “000016"

Reload register« counter | |_| |_|

TBIS bit . i

TBIIC register's ‘1
IR bit “Q |_4|
P
. . . “1”
TBIMR register's
MR3 bit

“gr --
The TBOS to TB2S bits are assigned to the bit 5 to bit 7 in the TABSR register.

i=0to2

NOTES:
1. Counter is initialized at completion of measurement.
2. Timer has overflowed.
3. This timing diagram is for the case where the MR1 to MRO bits in the TBiIMR register are “002” (measure the
interval from falling edge to falling edge of the measurement pulse).

Figure 12.21 Operation timing when measuring a pulse period

Count source -

Measurement pulse

Transfer

i
|
|
|
|
|
|
|
|

L (indeterminate/}q (measured value) y(measurey (measured value) |

d d |
|
|
|
i
|
|
|
|

11 Transfer Transfer 1+ Transfer
1/t value) 1/ value)

Reload register « counter
transfer timing

3/“) A A 3/“)
I I |

Timing at which counter
reaches “000016”

TBIS bit

agn | ' |
o | 5 |
o e : : :
TBIIC register's

IR bit “0” .-

> A4

Set to “0” upon accepting an interrupt request or by

"1 program
The MR3 bit in the ey

TBIMR register

The TBOS to TB2S bits are assigned to the bit 5 to bit 7 in the TABSR register.
i=0to2
NOTES:
1. Counter is initialized at completion of measurement.
2. Timer has overflowed.
3. This timing diagram is for the case where the MR1 to MRO bits in the TBIMR register are “102” (measure the interval
from a falling edge to the next rising edge and the interval from a rising edge to the next falling edge of the
measurement pulse).

Figure 12.22 Operation timing when measuring a pulse width
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12.2.4 A/D Trigger Mode
A/D trigger mode is used together with simultaneous sample sweep mode or delayed trigger mode 0 of
A/D conversion to start A/D conversion. Itis used in timer BO and timer B1 only. In this mode, the timer
starts counting by one trigger until the count value becomes 000016. Figure 12.23 shows the TBIMR
register in A/D trigger mode and Figure 12.24 shows the TB2SC register.

Table 12.9 Specifications in A/D Trigger Mode

ltem Specification
Count Source f1, f2, f8, f32, and fcs2
Count Operation * Decrement

« When the timer underflows, reload register contents are reloaded before
stopping counting
* When a trigger is generated during the count operation, the count is not

affected
Divide Ratio 1/(n+1) n: Setting value of TBi register (i=0,1)
000016-FFFF16
Count Start Condition When the TBIS (i=0,1) bit in the TABSR register is "1"(count started), the

TBIEN (i=0,1) in TB2SC register is "1" (A/D trigger mode) and the following
trigger selected by the TB2SEL bit in the TB2SC register

is generated.

 Timer B2 interrupt

» Underflow of Timer B2 interrupt generation frequency counter setting

Count Stop Condition « After the count value is 000016 and reload register contents are reloaded
« Set the TBIS bit to "0"(count stopped)

Interrupt Request Timer underflows (1)

Generation Timing

TBIIN Pin Function 1/0O port

Read From Timer Count value can be read by reading TBi register

Write To Timer @ * When writing in the TBi register during count stopped.

Value is written to both reload register and counter
* When writing in the TBi register during count.
Value is written to only reload register (Transfered to counter when reloaded next)

NOTES:

1. A/D conversion is started by the timer underflow. For details refer to 15. A/D Converter.
2. When using in delayed trigger mode 0, set the larger value than the value of the timer BO register
to the timer B1 register.
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12. Timer

Timer Bi Mode Register (i=0to 1)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
| | 0 | 0 | TBOMR to TBIMR 039B16 t0 039C16  00XX00002
: : Bit Symbol Bit Name Function RW
o oo TMODO . . b1 b0 RW
HEHE I Operation mode select bit 00 : Timer mode or A/D trigger mode
e TMOD1 RW
P A MRO Invalid in A/D trigger mode RW
! L MR1 Either "0" or "1" is enabled RW
TBOMR register RW
| Setto’0"inADwiggermode .|
--------------- MR2 TB1MR register
Nothing is assigned. When write, set to “0”. J—
When read, the content is indeterminate
R, MR3 When write in A/D trigger mode, set to “0”. When read in A/D RO
: trigger mode, its content is indeterminate.
' b7 b6
S TCKO , “fiorf2
Count source select bit ® 00 . Lor RW
' 01:fs
e TCK1 10:fs2 RW
11:fca2

NOTE:

1. When this bit is used in delayed trigger mode 0, set the same count source to the timer BO and timer B1.

Figure 12.23 TBiMR Register in A/D Trigger Mode

Timer B2 special mode register
b7 b6 b5 b4 b3 b2 bl bo

N

[$2]

w

o

~N

olo 11 Symbol Address After Reset
r 11 TB2SC 039E16 X00000002
i 1| Bit Symbol Bit Name Function RW
PWCON | Timer B2 Reload Timing | O : Timer B2 underflow
o7 Switch Bit @ 1: Timer A output at odd-numbered RW
E____ 0 : Three-phase output forcible cutoff
A . by SD pin input (high impedance)
IVPCR1 T_hree—Phase_Output Port disabled RW
oo : SD Control Bit 1G4 1 : Three-phase output forcible cutoff
P by SD pin input (high impedance)
oo : enabled
Timer BO Operation Mode| 0 : Other than A/D trigger mode
A TBOEN Select Bit 1:A/D trigger mode (5 RW
TB1EN Timer B1 Operation Mode| 0 : Other than A/D trigger mode RW
oo T Select Bit 1: A/D trigger mode (s
0: TB2 interrupt
E  SEREECEELEE TB2SEL | Trigger Select Bit © 1 : Underflow of TB2 interrupt generation | RW
frequency setting counter [ICTB2]
e RREEEELEELEL LR (m) Reserved bits Set to "0" RW
......................... o Nothing is assigned. When write, set to “0”. _

(07) When read, the content is “0”

NOTES:

1. Write to this register after setting the PRC1 bit in the PRCR register to "1" (write enabled).

. If the INV11 bit is "0" (three-phase mode 0) or the INVO6 bit is "1" (triangular wave modulation mode), set this

bit to "0" (timer B2 underflow).

When setting the IVPCR1 bit to "1" (three-phase output forcible cutoff by SD pin input enabled), set the PD8_5
bit to "0" (= input mode).

Associated pins are U(P8o), U(P81), V(P72), V(P73), W(P74), W(P7s). When a high-level ("H") signal is applied
to the SD pin and set the IVPCR1 bit to 0 after forcible cutoff, pins U, U, V, V, W, and W are exit from the high-
impedance state. If a low-level (“L”) signal is applied to the SD pin, three-phase motor control timer output will
be disabled (INV03=0). At this time, when the IVPCRL1 bit is 0, pins U, U, V, V, W, and W become
programmable I/0 ports. When the IVPCR1 bit is set to 1, pins U, U, V, V, W, and W are placed in a high-
impedance state regardless of which function of those pins is used.

. When this bit is used in delayed trigger mode 0, set the TBOEN and TB1EN bits to "1" (A/D trigger mode).

When setting the TB2SEL bit to "1" (underflow of TB2 interrupt generation frequency setting counter[ICTB2]),
set the INVO2 bit to "1" (three-phase motor control timer function).
Refer to "17.6 Digital Debounce Function" for the SD input

Figure 12.24 TB2SC Register in A/D Trigger Mode
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M16C/28 Group (M16C/28, M16C/28B) 12. Timer

12.3 Three-phase Motor Control Timer Function

Timers Al, A2, A4 and B2 can be used to output three-phase motor drive waveforms. Table 12.10 lists the
specifications of the three-phase motor control timer function. Figure 12.24 shows the block diagram for three-
phase motor control timer function. Also, the related registers are shown on Figures 12.26 to 12.32.

Table 12.10 Three-phase Motor Control Timer Function Specifications

Item Specification
Three-phase waveform output pin Six pins (U, U, V, V, W, W)
Forced cutoff input ) Input “L” to SD pin
Used Timers Timer A4, Al, A2 (used in the one-shot timer mode)

Timer A4: U- and U-phase waveform control
Timer Al: V- and V-phase waveform control
Timer A2: W- and W-phase waveform control
Timer B2 (used in the timer mode)
Carrier wave cycle control
Dead time timer (3 eight-bit timer and shared reload register)
Dead time control
Output waveform Triangular wave modulation, Sawtooth wave modification
Enable to output “H” or “L” for one cycle
Enable to set positive-phase level and negative-phase
level respectively
Carrier wave cycle Triangular wave modulation: count source x (m+1) x 2
Sawtooth wave modulation: count source X (m+1)
m: Setting value of TB2 register, 0 to 65535
Count source: f1, f2, fs, f32, fc32
Three-phase PWM output width Triangular wave modulation: count source X n x 2
Sawtooth wave modulation: count source x n
n: Setting value of TA4, TA1 and TA2 register (of TA4,
TA41, TAL, TA1l, TA2 and TA21 registers when setting
the INV11 bit to “1”), 1 to 65535
Count source: f1, f2, fs, f32, fc32
Dead time Count source x p, or no dead time
p: Setting value of DTT register, 1 to 255
Count source: f1, f2, f1 divided by 2, f2 divided by 2

Active level Eable to select “H” or “L”

Positive and negative-phase concurrent Positive and negative-phases concurrent active disable
function
Positive and negative-phases concurrent active detect func-
tion

Interrupt frequency For Timer B2 interrupt, select a carrier wave cycle-to-cycle

basis through 15 times carrier wave cycle-to-cycle basis

NOTES:
1. When the INVO02 bit in the INVCO register is set to “1” (three-phase motor control timer function), the

SD function of the P85/SD pin is enabled. At this time, the P85 pin cannot be used as a programmable
I/O port. When the SD function is not used, apply “H” to the P85/SD pin.

When the IVPCR1 bit in the TB2SC register is set to “1” (enable three-phase output forced cutoff by
SD pin input), and “L” is applied to the SD pin, the related pins enter high-impedance state regardless
of the functions which are used. When the IVPCRL1 bit is set to “0” (disabled three-phase output forced
cutoff by SD pin input) and “L” is applied to the SD pin, the related pins can be selected as a program-
mable 1/0O port and the setting of the port and port direction registers are enable.

Related pins:  P72/CLK2/TAlouTt/V/RXD1 P73/CTS2/RTS2/TALIN/V/TXD1

P74/ITA20UT/W P7s/TA2IN/W
P80/TA40uUT/U P81/TA4IN/U
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M16C/28 Group (M16C/28, M16C/28B)

12. Timer

NOTES:

* When reset

Three-phase PWM Control Register 0 (1)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
INVCO 034816 0016
Bit Symbol Bit Name Function RW
Effective interrupt output 0: ICTB2 counter is incremented by 1 on
INVOO polarity select bit the rising edge of timer A1 reload
control signal RW
1: ICTB2 counter is incremented by 1 on
the falling edge of timer A1 reload
control signal
®
Effective interrupt output | 0: |CTB2 counter incremented by 1 at a
INVO1 specification bit timer B2 underflow RW
@3 1: Selected by INVOO bit
Mode select bit ()| 0: Three-phase motor control timer
INVO2 function unused . RW
1: Three-phase motor control timer
function
Output control bit ®)| 0: Three-phase motor control timer output
INVO3 disabled ®) RW
1: Three-phase motor control timer output
enabled
Positive and negative 0: Simultaneous active output enabled
INVO04 phases concurrent output 1: Simultaneous active output disabled RW
disable bit
Positive and negative 0: Not detected yet
INVO5 phases concurrent output | 1: Already detected @ | RW
detect flag
INVO6 Modulation mode select 0: Triangular wave modulation mode 9)
bit 8)| 1: Sawtooth wave modulation mode RW
INVO7 Software trigger select bit | Setting this bit to “1” generates a transfer
trigger. If the INVOG6 bit is “1”, a trigger for
the dead time timer is also generated. RW

The value of this bit when read is “0”.

* When positive and negative go active (INV05="1") simultaneously while INV04 bit is “1”

« When set to “0” by program

« When input on the SD pin changes state from “H” to “L” regardless of the value of the INVCR1 bit. (The INVO03 bit

cannot be set to “1” when SD input is “L”.)

INVO3 is set to "0" when both INV04 bit and INVO5 bit are set to "1".
7. Can only be set by writing “0” by program, and cannot be set to “1”.
8. The effects of the INVO6 bit are described in the table below.

1. Write to this register after setting the PRC1 bit in the PRCR register to “1” (write enable). Note also that INV0O to
INVO02, INV04 and INVO6 bits can only be rewritten when timers A1, A2, A4 and B2 are idle.

2. If this bit needs to be set to “1”, set any value in the ICTB2 register before writing to it.

3. Effective when the INV11 bit is “1” (three-phase mode 1). If INV11 is set to “0” (three-phase mode 0), the ICTB2
counter is incremented by “1” each time the timer B2 underflows, regardless of whether the INVOO and INVO1 bits are
set. When setting the INVO1 bit to "1", the first interrupt is generated when the timer B2 underflows n-1 times, if n is
the value set in the ICTB2 counter. Subsequent interrupts are generated every n times the timer B2 underflow.

4. Setting the INVO2 bit to “1” activates the dead time timer, U/V/W-phase output control circuits and ICTB2 counter.

5. When the INVO2 bit is set to "1" and the INVO3 bit is set to "0", U, T, V, V, W, W pins, including pins shared with
other output functions, enter a high-impedance state. When INV03 is set to "1", U/V/W corresponding pins generate
the three-phase PWM output.

6. The INVO3 bit is set to “0” in the following cases:

Item

INV06=0 INVO6=1

Mode

Triangular wave modulation mode Sawtooth wave modulation mode

register

Timing at which transferred from IDBO to
IDBL1 registers to three-phase output shift

with the transfer trigger after writing to
the IDBO to IDB1 registers

Transferred only once synchronously | Transferred every transfer trigger

Timing at which dead time timer trigger is
generated when INV16 bit is “0”

Synchronous with the falling edge of Synchronous with the transfer
timer A1, A2, or A4 one-shot pulse trigger and the falling edge of timer
A1, A2, or A4 one-shot pulse

INV13 bit

Effective when INV11 is set to “1” and No effect
INVO6 is set to “0”

Transfer trigger: Timer B2 underflow, write to the INVO7 bit or write to the TB2 register when INV10 is “1”

9: If the INVO6 bit is set to “1”, set the INV11 bit to “0” (three-phase mode 0) and set the PWCON bit to “0” (timer B2
reloaded by a timer B2 underflow).

Figure 12.26 INVCO Register
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12. Timer

Three-phase PWM Control Register 1 ()
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address After Reset
INVC1 034916 0016
Bit Symbol Bit Name Function RW
Timer A1, A2, A4 start 0: Timer B2 underflow
INV10 trigger signal select bit 1: Timer B2 underflow and write to the RW
TB2 register
Timer Al-1, A2-1, A4-1 0: Three-phase mode 0
INVIL | control bit @ | 1: Three-phase mode 1 RW
Dead time timer count 0:fiorf2
INV12 source select bit 1: f1 divided by 2 or f2 divided by 2 RW
Carrier wave detect flag 0: Timer Reload control signal is set to "0"
4 | 1: Timer Reload control signal is set to "1"
INV13 RO
INV14 Output polarity control bit | O : Output waveform “L” active
putp y 1 : Output waveform “H” active RW
INV15 | Dead time invalid bit 0: Dead time timer enabled RW
1: Dead time timer disabled
Dead time timer trigger 0: Falling edge of timer A4, Al or A2
INV16 select bit one-shot pulse
1: Rising edge of three-phase output shift RW
register (U, V or W phase) output
Reserved bit This bit should be set to “0”
RW
(b7)
NOTES:
1. Write to this register after setting the PRC1 bit in the PRCR register to “1” (write enable). Note also that this
register can only be rewritten when timers Al, A2, A4 and B2 are idle.
2. A start trigger is generated by writing to the TB2 register only while timer B2 stops.
3. The effects of the INV11 bit are described in the table below.
Item INV11=0 INV11=1
Mode Three-phase mode 0 Three-phase mode 1
TA11, TA21, TA41 registers Not Used Used
INVOO bit, INVO1 bit Has no effect. ICTB2 counted every time | Effect
timer B2 underflows regardless of
whether the INVOO to INVO1 bits are set
INV13 bit Has no effect Effective when INV11 bit is “1” and
INVO6 bit is “0”
4. If the INVO6 bit is “1” (sawtooth wave modulation mode), set this bit to “0” (three-phase mode 0). Also, if the
INV11 bit is “0”, set the PWCON bit to “0” (timer B2 reloaded by a timer B2 underflow).
5. The INV13 bit is effective only when the INV06 bit is “0” (triangular wave modulation mode) and the INV11 bit
is “1” (three-phase mode 1).
6. If all of the following conditions hold true, set the INV16 bit to “1” (dead time timer triggered by the rising edge
of three-phase output shift register output)
« The INV15 bit is “0” (dead time timer enabled)
« When the INVO3 bit is set to “1” (three-phase motor control timer output enabled), the Dij bit and DiBj bit (i:
U, V, or W, j: 0 to 1) have always different values (the positive-phase and negative-phase always output
different levels during the period other than dead time).
Conversely, if either one of the above conditions holds false, set the INV16 bit to “0” (dead time timer triggered
by the falling edge of one-shot pulse).

Figure 12.27 INVC1 Register
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Three-phase Output Buffer Register(i=0,1) )

b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
| 0| 0| | | | | | | IDBO 034A16 001111112
- R IDB1 034B16 001111112
Bit Symbol Bit Name Function RW
ool DUi U phase output buffer i Write the output level RW
- 0: Active level
e DUBI U phase output buffer i 1: Inactive level RW
) ) When read, these bits show the three-phase
Do R DVi V phase output buffer i output shift register value. RW
. ............ DVBi Y phase output buffer i RW
O DWi W phase output buffer i RW
ER DWBI w phase output buffer i RW
—_ Nothing is assigned. When write, set to "0". When read
e 3 , , R
(b7-b6) these contents are "0". ©

NOTES:

1. The IDBO and IDB1 register values are transferred to the three-phase shift register by a transfer trigger. The value
written to the IDBO register aftera transfer trigger represents the output signal of each phase, and the next value
written to the IDB1 register at the falling edge of the timer A1, A2 or A4 one-shot pulse represents the output signal
of each phase.

Dead Time Timer (1. 2)

b7 b0 Symbol Address After Reset
| | DTT 034C16 Indeterminate
Function Setting range RW

Assuming the set value = n, upon a start trigger the timer starts | 1 tg 255
counting the count souce selected by the INV12 bit and stops
after counting it n times. The positive or negative phase

whichever is going from an inactive to an active level changes wo
at the same time the dead time timer stops.

NOTES:
1. Use MOV instruction to write to this register.
2. Effective when the INV15 bit is set to “0” (dead time timer enable). If the INV15 bit is set to “1”, the dead time timer is
disabled and has no effect.

Timer B2 Interrupt Occurrences Frequency Set Counter

f Zliam—m‘ Symbol Address After Reset
0 ICTB2 034D16 Indeterminate
Function Setting Range RW

If the INVO1 bit is "0" (ICTB2 counter counted every
time timer B2 underflows), assuming the set value
=n, a timer B2 interrupt is generated at every nith
occurrence of a timer B2 underflow.

"""" If the INVO1 bit is "1" (ICTB2 counter count timing
selected by the INVOO bit), assuming the set value
=n, a timer B2 interrupt is generated at every nith
occurrence of a timer B2 underflow that meets the
condition selected by the INVOO bit. (€]

1to 15

WO

Nothing is assigned. When write, set to "0". When read, its content is
indeterminate.

-1 O

Nothing is assigned. When write, set to "0". When read, its content is
indeterminate.

RO

NOTES:
1. Use MOV instruction to write to this register.
If the INVO1 bit is set to "1", make sure the TB2S bit also is set to "0" (timer B2 count stopped) when writing to
this register. If the INVO1 bit is set to "0", although this register can be written even when the TB2S bit is set to
"1" (timer B2 count start), do not write synchronously with a timer B2 underflow.

Figure 12.28 IDBO Register, IDB1Register, DTT Register, and ICTB2 Register
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Timer Ai, Ai-1 Register (i=1, 2, 4) (1.2,3,4,9)

Symbol Address After reset
TAl 038916-038816 Indeterminate
TA2 038B16-038A16 Indeterminate
®19) [ bo TA4 038F16-038E16 Indeterminate
| | TA1167) 034316-034216 Indeterminate
| TA21(67) 034516-034416 Indeterminate
: TA416.7) 034716-034616 Indeterminate
Function Setting Range | RW

----- Assuming the set value = n, upon a start trigger the timer | 000016 to FFFF16
starts counting the count source and stops after counting WO
it n times. The positive and negative phases change at
the same time timer A, A2 or A4 stops.

NOTES:

1. The register must be accessed in 16 bit units.

2. When the timer Ai register is set to "000016", the counter does not operate and a timer Ai interrupt does not occur.

3. Use MOV instruction to write to these registers.

4. If the INV15 bit is "0" (dead time timer enable), the positive or negative phase whichever is going from an inactive
to an active level changes at the same time the dead time timer stops.

5. If the INV11 bit is "0" (three-phase mode 0), the TAi register value is transferred to the reload register by
atimer Ai (i = 1, 2 or 4) start trigger.
If the INV11 bitis "1" (three-phase mode 1), the TAil register value is transferred to the reload register by a timer Ai
start trigger first and then the TAi register value is transferred to the reload register by the next timer Ai start trigger.
Thereafter, the TAIil register and TAI register values are transferred to the reload register alternately.

6. Do not write to TAIl registers synchronously with a timer B2 underflow In three-phase mode 1.

7. Write to the TAIl register as follows:
(1) Write a value to the TAIl register
(2) Wait for one cycle of timer Ai count source.
(3) Write the same value to the TAIl register again.

Figure 12.29 TA1, TA2, TA4, TA1l, TA21 and TA41 Registers
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Timer B2 Special Mode Register @

b7 b6 b5 b4 b3 b2 bl bo

|><| 0 | | | | | | | Symbol Address After Reset

x R TB2SC 039E16 X00000002
: E © 1 1| Bit Symbol Bit Name Function RW
E PWCON | Timer B2 reload timing | o: Timer B2 underflow
A switch bit  (2) 1: Timer A output at odd-numbered RW
Pl P IVPCR1 |Three-phase output port | 0: Three-phase output forcible cutoff by SD pin input
Pl SD control bit 1 (high impedance) disabled
. oo (3,4,7) 1: Three-phase output forcible cutoff by SD pin input | RW
Pl - (high impedance) enabled
P : E L ________ TBOEN |Timer BO operation mode | 0: Other than A/D trigger mode RW
Vo P select bit 1: A/D trigger mode (5)
I ol - - -
P o] TB1EN |Timer B1 operation mode | O: Other than A/D trigger mode RW
select bit 1: A/D trigger mode (5)
TB2SEL | Trigger select bit (6) 0: TB2 interrupt RW
SREGLECEEED 1: Underflow of TB2 interrupt
generation frequency setting counter [ICTB2]
Dbt (b6-b5) | Reserved bits Setto 0 RW
__________________________ — Nothing is assigned. If necessary, set to 0. _

(b7) When read, the content is 0.

NOTES:

1. Write to this register after setting the PRC1 bit in the PRCR register to 1 (write enabled).

2. If the INV11 bit is 0 (three-phase mode 0) or the INVO6 bitis 1 (triangular wave modulation mode), set this bit to O (timer
B2 underflow).

3. When setting the IVPCR1 bit to 1 (three-phase output forcible cutoff by SD pin input enabled), Set the PD8s bit to 0 (= input
mode).

4. Related pins are U(P8o), U(P81), V(P72), V(P73), W(P74), W(P7s). When a high-level ("H") signal is applied to the SD pin
and set the IVPCR1 bit to 0 after forcible cutoff, pins U, U, V, V, W, and W are exit from the high-impedance state. If a low-
level (“L") signal is applied to the SD pin, three-phase motor control timer output will be disabled (INV03=0). At this time,
when the IVPCRL1 bit is 0, pins U, U, V, V, W, and W become programmable I/O ports. When the IVPCR1 bit is set to 1,
pins U, U, V, V, W, and W are placed in a high-impedance state regardless of which function of those pins is used.

5. When this bit is used in delayed trigger mode 0, set bits TBOEN and TB1EN to 1 (A/D trigger mode).

6. When setting the TB2SEL bit to 1 (underflow of TB2 interrupt generation frequency setting counter[ICTB2]), set the INV02
bit to 1 (three-phase motor control timer function).

The effect of SD pin input is below.
1.Case of INV03 = 1(Three-phase motor control timer output enabled)

IVPCR1 bit SD pin inputs® Status of U/V/W pins Remarks
1 H Three-phase PWM output
(Three-phase output o Three-phase output
forcrible cutoff enable) L® High impedance(® forcriblg cutoff P
0 H Three-phase PWM output
(Three-phase output
forcrible cutoff disable) L@ Input/output port(@

NOTES:
1. When "L" is applied to the SD pin, INVO3 bit is changed to 0 at the same time.
2. The value of the port register and the port direction register becomes effective.
3. When SD function is not used, set to 0 (Input) in PD8s and pullup to "H" in SD pin from outside.
4. To leave the high-impedance state and restart the three-phase PWM signal output after the three-phase PWM signal
output forced cutoff, set the IVPCR1 bit to 0 after the SD pin input level becomes high (“H”).

2.Case of INV03 = 0(Three-phase motor control timer output disabled)

IVPCR1 bit SD pin inputs Status of U/V/W pins Remarks
1 H Peripheral input/output
or input/output port

(Three-phase output

forcrible cutoff enable) Three-phase output

High impedance forcrible cutoff(t)

L
H Peripheral input/output
L

or input/output port

Peripheral input/output
or input/output port

0
(Three-phase output
forcrible cutoff disable)

NOTE:
1. The three-phase output forcrible cutoff function becomes effective if the INPCR1 bit is set to 1 (three-phase output
forcrible cutoff function enable) even when the INVO3 bit is O (three-phase motor control timer output disalbe)

Figure 12.30 TB2SC Register
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Timer B2 Register

(b15) (b8) b0
b7 b0’ b7
Symbol Address After Reset
] TB2 039516-039416 Indeterminate
Function Setting Range RW
R Divide the count source by n + 1 where n = set value. 000016 to FFFF16
Timer A1, A2 and A4 are started at every occurrence of RW
underflow.
NOTE:
1. Access the register by 16 bit units.
Trigger Select Register
b7 b6 b5 b4 b3 b2 bl po
Symbol Address After Reset
| | | | | | | | TRGSR 038316 0016
Bit Symbol Bit Name Function RW
b ] TateL | Timer AL event/trigger | To use the V-phase output control | p\y
or o ' select bit circuit, set these bits to “012"(TB2
- underflow).
R T bbb TALITGH RW
T T E— Ta2TGL | Timer A2 eventitrigger | To use the W-phase output control RW
oo select bit circuit, set these bits to “012"(TB2
- underflow).
: : : : IEEEEEEEEEEEED TA2TGH RW
oo TA3TGL | Timer A3 event/trigger | P55
e : 99 0 0 : Input on TA3IN is selected (1) RW
[ select bit
oo 0 1:TB2is selected (2)
R R TA3TGH 10: TA2is selected (2) RW
v 11:TA4is selected (2)
R TA4TGL | Timer A4 event/trigger | To use the U-phase output control | pyy
, select bit circuit, set these bits to “012"(TB2
E_ TAATGH underflow).
""""""""""""" RW
NOTES:
1. Set the corresponding port direction bit to “0” (input mode).
2. Overflow or underflow.
Count Start Flag
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
TABSR 038016 0016
i 4 1+ 4 1 1 a1 | Bitsymbol Bit name Function RW
i E E i i E E - TAOS Timer AO count start flag 0 : Stops counting RW
N TA1S Timer Al count start flag 1: Starts counting RW
I TA2S Timer A2 count start flag RW
B — TA3S Timer A3 count start flag RW
E , , O TA4S Timer A4 count start flag RW
SGGCTTEEEEEE TBOS Timer BO count start flag RW
 RROEEEEEEEEEEEEE TB1S Timer B1 count start flag RW
EEEEE R LR EEEEEEEEEEE TB2S Timer B2 count start flag RW

Figure 12.31 TB2 Register, TRGSR Register, and TABSR Register
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Timer Ai Mode Register

b7 b6 b5 b4 b3 b2 bl bo ‘SI'JXTISI(I)?I S\gg;?:'s leear Reset
|||O|l||0|1|0| TA2MR 039816 0016
T S T T TA4AMR 039A16 0016
Por v 404 | Bit Symbol Bit Name Function RW
oot TMODO | operation mode Set to “102" (one-shot timer mode) for the RW
T S TMOD1 select bit three-phase motor control timer function RW
oo Pulse output function Set to “0” for the three-phase motor control
A A A MRO select bit timer function -
S S MR1 External trigger select No effect for the three-phase motor control RW
: b bit timer function
Set to “1” (selected by event/trigger select
e AAAREEEEELD MR2 Trigger select bit register) for the three-phase motor control RW
timer function
MR3 Set to “0" for the three-phase motor control timer function RW
by T b7 b6
S TCKo 00:fiorf RW
Count source select bit 01:fs
L] TCK1 10:fs2 RW
11:fca2
Timer B2 Mode Register
b7 b6 DS b4 b3 b2 bl b0 Symbol Address After Reset
TB2MR 039D16 00XX00002
Bit Symbol Bit Name Function RW
TMODO | Operation mode select bit | Set to “002” (timer mode) for the three- RW
TMOD1 phase motor control timer function RW
MRO No effect for the three-phase motor control timer function. RW
MR1 When write, set to “0”. When read, its content is indeterminate. RW
MR2 Set to “0” for the three-phase motor control timer function RW
MR3 When write in three-phase motor control timer function, write “0”. RO
When read, its content is indeterminate.
Count source select bit b7 b6
TCKO 00:fiorf2 RW
01:fs
10:fs32
TCK1
11:fc32 RW

Figure 12.32 TAIMR, TA2MR, TA4MR, and TB2MR Registers
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The three-phase motor control timer function is enabled by setting the INV02 bit in the INVCO register to “1".
When this function is on, timer B2 is used to control the carrier wave, and timers A4, Al and A2 are used to
control three-phase PWM outputs (U, U, V, V, W and W). The dead time is controlled by a dedicated dead-
time timer. Figure 12.33 shows the example of triangular modulation waveform, and Figure 12.34 shows

the example of sawtooth modulation waveform.

Triangular waveform as a Carrier Wave

Triangular wave N

AN

Signal wave

TB2S bit in the

]

TABSR register

Timer B2

Start trigger signal
for timer A4(1)

Timer A4

one-shot pulse®

|
Rewrite registers IDBP and IDB1

7

U phase
output signal @

U phase

\ Transfer the values

to the three-phase
/ output shift register
I}

output signal @

1. Internal signals. See Figure 12.25.
The above applies under the following conditions:

Examples of PWM output change are:
(1)When INV11 = 1 (three-phase mode 1)

- INVO1 = 0 and ICTB2 = 216 (the timer B2 interrupt is generated
every two times the timer B2 underflows),
or INVO1 =1, INVOO = 1, and ICTB2=116 (the timer B2 interrupt is
generated at the falling edge of the timer Al reload control signal.)

- Default value of the timer: TA41 =m, TA4=m.
Registers TA4 and TA41 are changed whenever the timer B2
interrupt is generated.

First time, TA41 =n, TA4 = n. Second time, TA41 =p, TA4 = p.

- Default values of registers IDBO and IDB1:
DUO =1, DUB0O =0, DU1 =0, DUB1 = 1.
They are changed to DUO = 1, DUBO = 0, DU1= 1 and DUB1 =0
when the third timer B2 interrupt is generated.

I I
I I
I I
‘ 1
I I
INV14 =0 | | | o i |
(“L" active) Lo | b H |
L L L I
U phase | | ' b " )
| | | [ " [N ]
: : : —bl ‘4—?—1 i Dead time : : : :
I I | I ! | ' [ I
U hase I I I I | I I I
INV14 = 1 P _Il ] i I ] ] ﬂ ]
g H I I I I I I ‘ e I
(" active) o | | el Deadtime | |
I I I | I I L ] 11 L
U phase 1 1 ! L | L |
I I I I I
| | | | |
I I I I I
I I I I I
INV13 ! ] ‘ ]
(INV11=1(three-phase
mode 1))
NOTE:

INVCO = 00XX11XX2 (X varies depending on each system) and INVC1 = 010XXXX0z2.

The value written to registers TA4 and TA41 becomes effective at the rising edge of the timer Al reload control signal.

(2)When INV11 = 0 (three-phase mode 0)

-INVO1 = 0, ICTB2 = 116 (the timer B2 interrupt is generated
whenever timer B2 underflows)

- Default value of the timer: TA4 = m. The TA4 register is changed
whenever the timer B2 interrupt is generated.
First time: TA4 = m. Second tim:, TA4 =T.
Third time: TA4 = n. Fourth time: TA4 =p.
Fifth time: TA4 = p.

- Default values of registers IDBO and IDB1:
DUO =1, DUB0=0,DU1 =0, DUB1=1.
They are changed to DUO =1, DUBO =0, DU1 =1, and DUB1 =0
when the sixth timer B2 interrupt is generated.

Figure 12.33 Triangular Wave Modulation Operation
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Sawtooth Waveform as a Carrier Wave

Sawtooth wave —

e ; Yanve

Timer B2

Start trigger signal ﬂ
for timer A4(1)

Timer A4 l | ‘ | | | I ‘ l |_

one-shot pulse®

I I I

! ! Rewrite registers | ! ! !

! ! IDBO and IDB1 ! Transfer the values to the three-
! ! :/ ph‘ase output Shlﬁ register ‘

gu‘t);lissignal @ l I l | | | I | i
|

U phase
output signal (1)

i
i
i
i
U phase !
INV14 =0 ! !

—» 4— Dead time

(“L” active) ! !
T phase R ¥ | L L L
1 1 1 [ 1 1 1 1 1
1 1 1 [ 1 1 1 1 1
| 1 | b | | | | |
I I I I I I I I
I I I I I I I I
INv4=1 | UPhase w : :‘ | ‘ ‘ | |
("H" active) ! ! —»/ l4— Dead time ! ! !
U phase . . . . . ‘ 1 1
NOTE:

1. Internal signals. See Figure 12.25.
The above applies under the following conditions:
INVCO = 01XX110X2 (X varies depending on each system) and INVC1 = 010XXX002.
Examples of PWM output change are:
« Default value of registers IDBO and IDB1: DU0=0, DUB0=1, DU1=1, DUB1=1.
They are changed to DUO=1, DUB0=0, DU1=1, DUB1=1 when the timer B2 interrupt is generated.

Figure 12.34 Sawtooth Wave Modulation Operation
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12.3.1 Position-Data-Retain Function
This function is used to retain the position data synchronously with the three-phase waveform
output.There are three position-data input pins for U, V, and W phases.
A trigger to retain the position data (hereafter, this trigger is referred to as "retain trigger") can be selected
by the PDRT bit in the PDRF register. This bit selects the retain trigger to be the falling edge of each
positive phase, or the rising edge of each positive phase.

12.3.1.1 Operation of the Position-data-retain Function
Figure 12.35 shows a usage example of the position-data-retain function (U phase) when the retain
trigger is selected as the falling edge of the positive signal.
(1) At the falling edge of the U-phase waveform ouput, the state at pin IDU is transferred to the PDRU
bit in the PDRF register.
(2) Until the next falling edge of the Uphase waveform output,the above value is retained.

® @

Carrier wave /\/\ / \ /\

U-phase waveform output

I
U-phase waveform output .

1 I

| |

I I

1 1
O o
A4 A%

I
| |
Pin IDU ' | i [ A
! ¥ Transferred ¥ Transferred Y
. 1p¥ Transferred | Transferred
PDRU bit

Note: The retain trigger is the falling edge of the positive signal.

Figure 12.35 Usage Example of Position-data-retain Function (U phase)
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12.3.1.2 Position-data-retain Function Control Register

Figure 12.36 shows the structure of the position-data-retain function contol register.

Position-data-retain Function Control Register @)

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address After Reset
|><|><D<D<| | | | | PDRF 034E16 XXXX 00002
Bit Symbol Bit Name Function RW
' 5 - Input level at pin IDW is read out.
.| PDRW :;V phase pf_'t'on 0:"L" level RO
ata retain bit 1: "H" level
' 3 - Input level at pin IDV is read out.
heees PDRV Z phase Posft'on 0:"L" level RO
ata retain bit 1: "H" level
H . it Input level at pin IDU is read out.
e popy | e poston | GGG o
1: "H" level
Retain-trigger 0: Rising edge of positive phase
PDRT polarity select bit | 1: Falling edge of positive phase RW
‘._‘ ________________ (b7-ba) Nothing is assigned. When write, set to "0". When read, .
contents are indeterminate.

NOTES:
1.This register is valid only in the three-phase mode.

Figure 12.36 PDRF Register

12.3.1.2.1 W-phase Position Data Retain Bit (PDRW)
This bit is used to retain the input level at pin IDW.

12.3.1.2.2 V-phase Position Data Retain Bit (PDRV)
This bit is used to retain the input level at pin IDV.

12.3.1.2.3 U-phase Position Data Retain Bit (PDRU)
This bit is used to retain the input level at pin IDU.

12.3.1.2.4 Retain-trigger Polarity Select Bit (PDRT)
This bit is used to select the trigger polarity to retain the position data.
When this bit is set to "0", the rising edge of each positive phase selected.
When this bit is set to "1", the falling edge of each pocitive phase selected.
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13. Timer S

The Timer S (Input Capture/Output Compare : here after, Timer S is referred to as "IC/OC".) is a high-
performance I/O port for time measurement and waveform generation.

The IC/OC has one 16-bit base timer for free-running operation and eight 16-bit registers for time measure-
ment and waveform generation.

Table 13.1 lists functions and channels of the IC/OC.

Table 13.1 IC/OC Functions and Channels

Function Description

Time measurement (1) 8 channels

Digital filter 8 channels

Trigger input prescaler 2 channels

Trigger input gate 2 channels
Waveform generation (1) 8 channels

Single-phase waveform output Available

Phase-delayed waveform output Available

Set/Reset waveform output Available

NOTES:
1. The time measurement function and the waveform generating function share a pin.
The time measurement function or waveform generating function can be selected for each channel.
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Figure 13.1 shows the block diagram of the IC/OC.

Main clock,
PLL clock,

On-chip
oscillator clock

Request from INT1 pin —l
BTS —o I

BCK1 to BCKO

PCLKO0=0
o)

Request by matching G1IBTRR and base timer

frorf2
PCLKO=1

Request by matching G1POO register and base timer

Base timer reset

frorf —4—o (n+1) —
Two-phase o —0 Divider register fors Base timer Base timer over flow request
pulse input 1] (G1DV)
Base timer interrupt request
Base timer reset [ ]
register (GLIBTRR) Base timer reset request
ST —
INPCLo © ig\tal 1ot [ Edge GITMO, G1PGO 0 OUTCL
r DF1 to DFO select register (Note 1)
CTS1 to CTSO PWM
INPC11 o ital 1l:fiorf ,‘. Edge G1TM1, G1PO1 0 OUTCL1
e DF1 to DFO select register
e w B B —
10:f8T1
3
INPCL2 © wnon [ Edge G1TM2, G1PO2 oUTCLs
er DF1 to DFO select register
- 00 CTS1to CTSO ;‘J’tvp’x"
Q
INPCL3 1ifLork E] Edge GLTMS, GLPO3 oUTCLs
DF1 to DFO select register L | ——©
e I A —
— 3
INPCLs © inore [ Edge GITM4, GLPO4 o
frer DF1 10 DFO select register
[ ] o CTS1to CTSO PWM
g
INPC1s | ihorte [ ] Fage GITMS, GLPO5 oUTCLs
= DFitoDFo  LSglet register iy —
CTS1 to CTSO
—
INPC1s O tal {  11:fiorf2 E Edge |4 Gate GITM6, GIPOB | ooutcs
ter DF1 to DFO select | [function| S register
PWM
INPC17 o] Digital Digital 11:fiorf :.. Edge Gate 1 G1TM7, G1PO7 ouTe1r
debounce filter DF1 to DFO select | [function| o register
CTS1to CTSO 1>

\— ChOtoch7 .
interrupt request signal

BCK1 to BCKO : Bits in the G1IBCRO register

BTS: Bits in the G1BCR1 register

CTS1to CTS0, DF1 to DFO, GT, PR : Bits in the GITMCR; register (j= 0 to 7)
PCLKO : Bits in the PCLKR register

Figure 13.1 IC/OC Block Diagram
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Figures 13.2 to 13.10 show registers associated with the IC/OC base timer, the time measurement func-
tion, and the waveform generating function.

Base Timer Register'”

b15 b8
(b7) (b0) b7 bo Symbol Address After Reset

| | G1BT 032116 - 032016 Indeterminate

Function Setting Range | RW

* When the base timer is operating:
When read, the value of base timer plus 1 can
be read. When write, the counter starts counting
from the value written. When the base timer is
reset, this register is set to "000016". (2) 000016 to FFFF16 | RW
e When the base timer is reset:
This register is set to "000016" but a value read
is indeterminate. No value is written @

NOTES:

1. The G1BT register reflects the value of the base timer, synchronizing with the count source fT1 cycles.

2. This base timer stops only when the BCK1 to BCKO bits in the G1BCRO register are set to "002" (count
source clock stop). The base timer operates when the BCK1 to BCKO bits are set to other than "002".
When the BTS bit in the G1BCRL1 register is set to "0", the base timer is reset continuously, and remaining
set to "000016". When the BTS bit is set to "1", this state is cleared and the timer starts counting.

Base Timer Control Register O

b7 b6 bS b4 b3 b2 bl boO Symbol Address After Reset

| | | 0 | 0 | 0 | | | | G1BCRO 032216 0016
P11 1 i |Bit Symbol Bit Name Function RW
P b o0
P44 11 = BCKO 0 0: Clock stop RW
[ Count source .
A ) 0 1: Do not set to this value
- - select bit . 1
A BCKL 1 0: Two-phase input @ R
A 11:fiorf2®
- 0: Do not reset Base timer by matching
A RST4 Base t'mfr rte sit 4 G1BTRR RW
- R cause select bi 1: Reset Base timer by matching
A G1BTRR®)
o
i (b5-b3) | Reserved bit Setto 0" RW
P Channel 7 input  |[0: P27/OUTC17/INPC17 pin
I RRRLAELEELEELE H7INSEL ) — _
: CHTINSEL | ¢ elect bit 1: P17/INT5/INPC17/IDU pin RW
.......................... T Base timer 0: Bit 15 in the base timer overflows

interrupt select bit | 1: Bit 14 in the base timer overflows RW

NOTES:
1. This setting can be used when the UD1 to UDO bits in the G1BCR1 register are set to "102" (two-
phase signal processing mode). Do not set the BCK1 to BCKO bits to "102" in other modes.
2. When the PCLKO bit in the PCLKR register is set to "0", the count source is f2 cycles. And when
the PCLKO bit is set to set to "1", the count source is f1 cycles.
3. When the RST4 bit is set to "1", set the RST1 bit in the G1BCRL register to "0".

Figure 13.2 G1BT and G1BCRO Registers
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Divider Register

b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset
| | G1DV 032A16 0016
Function Setting range RW
______________ Divide f1, f2 or two-phase pu.lse input by (n+1) 0016 10 FF16 RW
for fBT1 clock cycles generation.
n: the setting value of the G1DV register
Base Timer Control Register 1
b7 b6 bS5 b4 b3 b2 bl bO Symbol Address After Reset
E 0 0| ociecRe 032316 0016
1| _Bit . ,
i | symbol Bit Name Function RW
_ (b0) | Reserved Bit Setto "0". RW

0: The base timer is not reset by
Base Timer Reset matching the G1POO register

RST1 . . . . RW
""" Cause Select Bit 1 |1: The base timer is reset by matching
with the G1POO register V)
0: The base timer is not reset by
RST? Base Timer Reset applying "L" to the INT1 pin RW
PoTTTTTTTT Cause Select Bit 2 |1: The base timer is reset by applying "L"
to the INT1 pin
A (b3) | Reserved Bit Set to "0". RW

L S BTS Base Timer Start Bit 0:Base t!mer Is reset . RwW
1: Base timer starts counting

b6b5
b eemmmem—————— uDo 0 0 : Counter increment mode RW
Counter Increment/ 01 : Counter increment/decrement mode
Decrement Control Bit 10 : Two-phase pulse signal processing

....................... uD1 mode _ RW
11 : Do not set to this value

------------------- (b7) Reserved Bit Set to "0". RW

NOTES:
1. The base timer is reset two fBT1 clock cycles after the base timer matches the value set in the
G1POQO register. (See Figure 13.7 for details on the G1POO register) When the RST1 bit is set to
"1", the value of the G1PQj register (j=1 to 7) for the waveform generating function must be set to a
value smaller than that of the G1POO register.
When the RST1 bit is set to "1", set the RST4 bit in the G1BCRO register to "0".

Figure 13.3 G1DV Register and G1BCR1 Register
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Base Timer Reset Register®

b15 b8
(b7) (b0) b7 b0 Symbol Address After Reset
| | | G1BTRR 032916 - 032816 Indeterminate
Function Setting Range RW

_______________ Whgn enabled by t.he R$T4 bit in the 61!3CRO 000016 to FEEF16 | RW
register, the base timer is reset by matching the
G1BTRR register setting value and the base

timer setting value.

NOTES:
1. The G1BTRR register reflects the value of the base timer, synchronizing with the count source fBT1 cycles.

Figure 13.4 G1BTRR Register

Rev. 2.00 Jan. 31, 2007 page 139 of 385 RENESAS
REJO9B0047-0200



M16C/28 Group (M16C/28, M16C/28B)

13. Timer S

Time Measurement Control Register j (j=0 to 7)

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address After Reset

| | | | | | | | | G1TMCRO to GITMCR3 031816, 031916, 031A16, 031B16 0016
E : : : : : : : G1TMCR4 to GITMCR7 031Czis, 031D16, 031E16, 031F16 0016
S R =T . _
doror oy | symbol Bit Name Function RwW
S A bl b0
Poror oy 1 CTSOo Time M 0 0 : No time measurement RW
T'T”e esaslurfrgint 0 1 :Rising edge
' ' ' ' ' ' ' rigger seieci | . .
S A R CTS1 1 0 : Falling edge RW
I 1 1 :Both edges
Pib s 02
O DFO Dicital Filter Functi 0 0 : No digital filter RW
|g||ta ilter Function 0 1 : Do not set to this value
R DF1 Select Bit 1 0:fsm1 RW
1 1:fiorf2®
' ________________ oT Gate Function 0 : Gate function is not used RW
Select Bit (2) 1 : Gate function is used
; 0 : Not cleared
Voo Gate Function Clear -
Vo tmmmmmmmmmmmmeemnees GOC | select Bit @ 3 9 1:The gate is cleared when the base| RW
elect Bit timer matches the G1POK register
Gate Function Clear The gate is cleared by setting the
; GSC | git@9) GSC bit to "1" RW
' __________________________ PR Prescaler Function 0 : Not used RW

Select Bit @ 1: Used

NOTES:

1. When the PCLKO bit in the PCLKR register is set to "0", the count source is f2 cycles. And when the
PCLKO bit is set to "1", the count source is f1 cycles.
2. These bits are in the GITMCR6 and G1TMCRY registers. Set all bits 4 to 7 in the GITMCRO to
G1TMCRS registers to "0".

. These bits are enabled when the GT bit is set to "1".

4. The GOC bit is set to "0" after the gate function is cleared. See Figure 13.7 for details on the G1POk
register (k=4 when j=6 and k=5 when j=7).

w

Time Measurement Prescale Register j (j=6,7)"”

b7 b0 Symbol Address After Reset
| | G1TPR6 to GITPR7 032416, 032516 0016

Function Setting Range RW

As the setting value is n, time is measured when-
............... ) g_ : o 0016 to FF16 RW

ever a trigger input is counted by n+1 @
NOTES:
1. The G1TPR6 to G1TPRY registers reflect the base timer value, synchronizing with the count source
fBT1 cycles.

2. The first prescaler, after the PR bit in the GITMCR] register is changed from "0" (not used) to "1"
(used), may be divided by n, rather than n+1. The subsequent prescaler is divided by n+1.

Figure 13.5 G1TMCRO to GITMCRY Registers, and G1TPR6 to G1TPR7 Registers
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M16C/28 Group (M16C/28, M16C/28B) 13. Timer S

Waveform Generation Register j (j=0 to 7)
b15 b8 Symbol Address After Reset

b7) (b0)b7 oo G1TMOto GITM2 030116-030016, 030316-030216, 030516-030416  Indeterminte
| | G1TM3 to GITM5 030716-030616, 030916-030816, 030B16-030A16 Indeterminte
E G1TM6 to G1ITM7 030D16-030C16, 030F16-030E16 Indeterminte
Function Setting Range RW
L] The base timer value is stored every RO
measurement timing.

Waveform Generation Control Register j (j=0 to 7)

b7 b6 b5 b4 b3 b2 bl bo

Nothing is assigned. When write, set to "0".

| | | | | Symbol Address After Reset
— G1POCRO to G1IPOCR3 031016, 031116, 031216, 031316 0X00 XX002
oo G1POCR4 to G1IPOCR7 031416, 031516, 031616, 031716 0X00 XX002
- A - Bit . .
Pf o 1t 1| Symbol Bit Name Function RW
A b1bo
P00 11 ' MODO 00: Single waveform output mode | p\y
oo Operating Mode 01: SR waveform output mode ()
[ Select Bit 10: Phase-delayed waveform
HE- - output mode
I MOD1 11: Do not set to this value RW

v mmmTmmmmmenes (03-b2) | \when read, its content is indeterminate. B
VL Output Initial Value 0: "L" output as a default value RW
P Select Bit 1: "H" output as a default value
0: Reloads the G1POj register when
R rRLD | GiPOiRegister Value value is written RW
Reload Timing Select Bit |1: Reloads the G1PQ;j register when
the base timer is reset
— Nothing is assigned. When write, set to "0". B
ttnmmmmmmmmmmmmmmmmmeees (b6) When read, its content is indeterminate.
___________________________ INV Inverse Output Function| 0: Output is not inversed RW

Select Bit @ 1: Output is inversed

NOTES :

1. This setting is enabled only for even channels. In SR waveform output mode, values written to the
corresponding odd channel (next channel after an even channel) are ignored. Even channels
provide waveform output. Odd channels provide no waveform output.

2. The inverse output function is the final step in waveform generating process. When the INV bit is set
to "1", and "H" signal is provided a default output by setting the IVL bit to "0", and an "L" signal is
provided by setting it to "1".

3. In the SR waveform output mode, set not only the even channel but also the correspoinding even
channel (next channel after the even channel).

4. To provide either "H" or "L" signal output set in the IVL bit, set the FSCj bit in the G1FS register to
"0" (select waveform generating function) and IFE]j bit in the G1FE register to "1" (functions for
channel j enabled). Then set the IVL bit to "0" or "1".

Figure 13.6 G1TMO to G1TMY7 Registers, and G1POCRO to G1POCR7 Registers
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b15 b8
(b7) (bO,

)b7 b0

Waveform Generation Register j (j=0 to 7)

Symbol Address

G1POO0 to G1PO2 030116-030016, 030316-030216, 030516-030416 Indeterminate
G1PO3to G1PO5 030716-030616, 030916-030816, 030B16-030A16 Indeterminate

G1PO6 to G1IPO7 030D16-030C16, 030F16-030E16

After Reset

Indeterminate

Function

Setting Range RW

¢ When the RLD bit in the G1IPOCR;j register is
set to "0", value written is immediately reloaded
into the G1POj register for output, for example,
a waveform output,reflecting the value.

® When the RLD bit is set to "1", value reloaded
while the base timer is reset.
The value written can be read until reloaded.

000016 to FFFF16 RW

Figure 13.7 G1POO0 to G1PO7 Registers
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b7 b6 b5 b4 b3 b2 bl bo

Function Select Register

b7 b6 b5 b4 b3 b2 bl b0

Function Enable Register™

NOTES:

Symbol Address After Reset
G1FS 032716 0016
Bit . .
Symbol Bit Name Function RW
Channel 0 Time Measure- .
FSCO | mentWaveform Generating 0 : Select the waveform generating | g\
Function Select Bit function
Channel 1 Time Measure- 1: Select the time measurement
FSC1 | ment/Waveform Generating function RW
Function Select Bit
Chart}r\}sl 2 ‘If’lme Measure-
ment/Waveform Generating
FsC2 Function Select Bit RW
Channel 3 Time Measure-
FSC3 ment/Waveform Generating RW
Function Select Bit
Channel 4 Time Measure-
FSC4 ment/Waveform Generating RW
Function Select Bit
Channel 5 Time Measure-
FSC5 ment/\Waveform Generating RW
Function Select Bit
Channel 6 Time Measure-
FSC6 ment/Waveform Generating RW
Function Select Bit
Channel 7 Time Measure-
FSC7 ment/Waveform Generating RW
Function Select Bit
Symbol Address After Reset
GlFE 032616 0016
Bit . .

Symbol Bit Name Function RW
IFEO  |Channel 0 Function Enable Bit | q - pisable function s for channel j 2 [RW
IFE1 Channel 1 Function Enable Bit 1: Enable functions for channel j RW

(=0to 7)
IFE2 Channel 2 Function Enable Bit RW
IFE3 [Channel 3 Function Enable Bit RW
IFE4 | Channel 4 Function Enable Bit RW
IFE5  |Channel 5 Function Enable Bit RW
IFE6 |Channel 6 Function Enable Bit RW
IFE7 |Channel 7 Function Enable Bit RW
1. The G1FE register reflects the base timer value, synchronizing with the count source f8T1 cycles.
2. When functions for the channel j are disabled, each pin functions as an I1/O port.

Figure 13.8 G1FS and G1FE Registers
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b7 b6 b5 b4 b3 b2 bl bo

Interrupt Request Register ()

Symbol Address After Reset
G1lIR 033016 Indeterminate
Bit . .
Symbol Bit Name Function RwW
0 : No interrupt request

G1IRO Interrupt Request, Ch0 1 - Interrupt requested RW
G1lIR1 Interrupt Request, Chl RW
G1lIR2 Interrupt Request, Ch2 RW
G1IR3 Interrupt Request, Ch3 RW
G1IR4 Interrupt Request, Ch4 RW
G1IR5 Interrupt Request, Ch5 RW
G1IR6 Interrupt Request, Ché RW
G1IR7 Interrupt Request, Ch7 RW

NOTES:

AND, BCLR

1. When writing "0" to each bit in the G1IR register, use the following instruction:

Figure 13.9 G1IR Register
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Interrupt Enable Register O

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset

| G1IEO 033116 0016
S B Bit - -
Porob b r b | symbol Bit Name Function RW
i 0 : IC/OC interrupt O request disable
G1IEQO ( Interrupt Enable 0, CHO 1 : IC/OC interrupt O request enable RW
A T T R G1IEOL | Interrupt Enable 0, CH1 RW
bbb e G1IE02 | Interrupt Enable 0, CH2 RW
T G1IEQ3 | Interrupt Enable 0, CH3 RW
P G1IE04 | Interrupt Enable 0, CH4 RW
R S SRR G1IEO05 | Interrupt Enable 0, CH5 RW
et G1IEO06 | Interrupt Enable 0, CH6 RW
LR G1IEO7 | Interrupt Enable 0, CH7 RW
Interrupt Enable Register 1

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset

| GLIEL 033216 0016
S B Bit i i
Porobn r b | symbol Bit Name Function RW
A 0 : IC/OC interrupt 1 request disable
G1IE10 ( Interrupt Enable 1, CHO 1 : IC/OC interrupt 1 request enable RW
e G1IE11 | Interrupt Enable 1, CH1 RW
N G1IE12 | Interrupt Enable 1, CH2 RW
e G1IE13 | Interrupt Enable 1, CH3 RW
Pobl G1IE14 | Interrupt Enable 1, CH4 RW
T ST RR—— G1IE15 | Interrupt Enable 1, CH5 RW
P s G1IE16 | Interrupt Enable 1, CH6 RW
LR G1IE17 | Interrupt Enable 1, CH7 RW

Figure 13.10 G1IEO and G1IE1 Registers
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13.1 Base Timer

The base timer is a free-running counter that counts an internally generated count source.

Table 13.2 lists specifications of the base timer. Table 13.3 shows registers associated with the base timer.
Figure 13.11 shows a block diagram of the base timer. Figure 13.12 shows an example of the base timer
in counter increment mode. Figure 13.13 shows an example of the base timer in counter increment/decre-

ment mode. Figure 13.14 shows an example of two-phase pulse signal processing mode.

Table 13.2 Base Timer Specifications

Item

Specification

Count source(fBT1)

f1 or f2 divided by (7+1), two-phase pulse input divided by (77+1)
n: determined by the DIV7 to DIVO bits in the G1DV register. n=0 to 255
However, no division when n=0

Counting operation

The base timer increments the counter value
The base timer increments/decrements the counter value
Two-phase pulse signal processing

Count start condition

The BTS bit in the G1BCR1 register is set to "1" (base timer starts counting)

Count stop condition

The BTS bit in the G1BCR1 register is set to "0" (base timer reset)

Base timer reset condition

(1) The value of the base timer matches the value of the G1BTRR register
(2) The value of the base timer matches the value of G1POO register.
(3) Apply a low-level signal ("L") to external interrupt pin,INT1 pin

Value for base timer reset

"000016"

Interrupt request

The base timer interrupt request is generated:

(1) When the bit 14 or bit 15 in the base timer overflows

(2) The value of the base timer value matches the value of the base timer
reset register (See Figure 13.11)

Read from timer

» The G1BT register indicates a counter value while the base timer is running
» The G1BT register is indeterminate when the base timer is reset

Write to timer

When a value is written while the base timer is running, the timer counter
immediately starts counting from this value. No value can be written while
the base timer is reset.

Selectable function

» Counter increment/decrement mode

The base timer starts counting from "000016". After incrementing to
"FFFF16", the timer counter is then decremented back to "000016". The base
timer increments the counter value again when the timer counter reaches
"000016". (See Figure 13.13)

» Two-phase pulse processing mode
Two-phase pulse signals from P8o and P81 pins are counted (See Figure

13.14)
o AV AV A oy Ay

The timer increments  The timer decrements
a counter on all edges a counter on all edges
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fat1
BCK1 to BCKO

fiorf2 i—O —
—O (n+1) divider Base timer 3b143 b15|
Two-phase pulse input i—O (Note 1) A X
L Overflow signal
BTS bit in GIBCR1 register OKO—> Base timer
egiste e} overflow request
1
IT
Matched with GIBTRR @
Base timer reset
Matched with G1POO register
RST2
w - NOTES:
Input "L" to INT1 pln—@— 1. Divider is reset when the BTS bit is set to "0".

IT, RST4, BCK1 to BCKO : Bits in the G1BCRO register
RST2 to RST1: Bits in the GIBCRL1 register

Figure 13.11 Base Timer Block Diagram

Table 13.3 Base Timer Associated Register Settings (Time Measurement Function, Waveform
Generation Function, Communication Function)

Register Bit Function
G1BCRO BCK1 to BCKO Select a count source
RST4 Select base timer reset timing
IT Select the base timer overflow
G1BCR1 RST2 to RST1 Select base timer reset timing
BTS Used to start the base timer
UD1 to UDO Select how to count
G1BT - Read or write base timer value
G1DbV - Divide ratio of a count source

Set the following registers to set the RST1 bit to "1" (base timer reset by matching the base timer with the G1POO register)
G1POCRO MOD1 to MODO | Setto "002" (single-phase waveform output mode)

G1POO0 - Set reset cycle
G1FS FSCO Set to "0" (waveform generating function)
G1FE IFEO Set to "1" (channel operation start)

Rev. 2.00 Jan. 31,2007 Ppage 147 of 385 RENESAS

REJ09B0047-0200



M16C/28 Group (M16C/28, M16C/28B) 13. Timer S

FFFF16 |F------------------ S]_

C00016 f-------------- A

State of a counter |
80001 |--------- e RREREEEPE

400016 |----—L"4-o-

000016 |-S

IT=1 in the G1BCRO register
(Base timer interrupt generated
by the bit 14 overflow)

b14 overflow signal

\

Base Timer interrupts

IT=0 in the G1BCRO register
(Base timer interrupt generated
by the bit 15 overflow)

\

b15 overflow signal

é

\

Base Timer interrupt

The above applies to the following conditions.

=The RST4 bit in the G1BCRO register is set to "0" (the base timer is not reset by matching the G1BTRR register)
=The RSTL1 bit in the G1BCRL1 register is set to "0" (the base timer is not reset by matching the G1POO register)
-The UD1 to UDO bits in the G1BCRL register are set to "002" (counter increment mode)

Figure 13.12 Counter Increment Mode

FFFF16 [------------------- |_l 7777777777777777777777777777777777777
C00016 |F--=--=--======-p—Jo e e
State of a counter !
800016 [~ - === o e A
400016 SJ—P : )

000016

IT=1 in the G1BCRO register
(Base timer interrupt generated
by the bit 14 overflow)

b14 overflow signal (l) {
Base Timer interrupts /'

IT=0 in the G1BCRO register E

(Base timer interrupt generated
by the bit 15 overflow)

wpo '
b15 fl i |

overflow signal ¥
Base Timer interrupt J

Figure 13.13 Counter Increment/Decrement Mode
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(1) When the base timer is reset while the base timer increments the counter
e

P80 (A-phase)

Input waveform < —>

~

(Uhenselecs 1o o ﬂ |_| T_I 1—| —| |—| _|

division with the divider by (n+1)

P81 (B-phase) —| : min 1 ps

A

INT1 (Z-phase)

Base timer starts counting

Value of counter X m ><m+1X 0 1 >< 2 X

Set to "0" in this timing Set to "1" in this timing

(2) When the base timer is reset while the base timer decrements the counter

-~
P8o (A-phase) —|

Input waveform <

P81 (B-phase)
~ :

R M I I iy B

division with the divider by (n+1)

i

A

INT1 (Z-phase)

Base timer starts counting

0 OKErrriKERFERK

Value of counter X m >< m-1

Set to "0" in this timing Set to "FFFF16" in this timing

NOTES:
1. 1.5 fBT1 clock cycle or more are required.

Figure 13.14 Base Timer Operation in Two-phase Pulse Signal Processing Mode
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13.1.1 Base Timer Reset Register(G1BTRR)
The G1BTRR register provides the capability to reset the base timer when the base timer count value
matches the value stored in the G1BTRR register. The G1BTRR register is enabled by the RST4 bit in
the G1BCRO register. This function is identical in operation to the G1POO0 base timer reset that is
enabled by the RST1 bit in the G1BCRO reigster. If the free-running operation is not selected, the
channel 0 can be used for a waveform generation when the base timer is reset by the GIBTRR
register. Do not enable the RST1 bit and RST4 bit simultaneously.

RST4 Q

Base timer Ym-2Ym-1)X m ) m+1f000016f 000116
G1BTRR register X m
(Base timer reset register)

Base timer reset |

Base timer overflow request (1)

NOTE:
1. Following conditions are required to generate a base timer overflow request by resetting the base timer.
If the IT bit is setto 0: 07FFF16 <m <OFFFE16
If the IT bit is setto 1: 07FFF16 <m < OFFFE16 or OBFFF16 <m < OFFFE16

Figure 13.15 Base Timer Reset operation by Base Timer Reset Register

RST1

Base timer Am-2Ym-1Y m X m+ 1000016} 000116
G1POO X m

G1IRO |

Figure 13.16 Base Timer Reset operation by G1POO register

RST2 |

Base timer Ym-2Ym-1X m ) m+1Y000016f 000116

P83/INT1 I—
NOTE:

1. INT1 Base Timer reset does not generate a Base Timer interrupt,INT1 may generate an interrupt if enabled.

Figure 13.17 Base Timer Reset operation by INT1
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13.2 Interrupt Operation

The IC/OC interrupt contains several request causes. Figure 13.18 shows the IC/OC interrupt block dia-
gram and Table 13.4 shows the IC/OC interrupt assignation.

When either the base timer reset request or base timer overflow request is generated, the IR bit in the BTIC
register corresponding to the IC/OC base timer interrupt is set to "1" (with an interrupt request). Also when
an interrupt request in each eight channels (channel i) is generated, the bit i in the G1IR register is set to "1"
(with an interrupt request). At this time, if the bit i in the G1IEO register is "1" (IC/OC interrupt O request
enabled), the IR bit in the ICOCOIC register corresponding to the IC/OC interrupt O is set to "1" (with an
interrupt request). And if the bit i in the G1IE1 register is "1" (IC/OC interrupt 1 request enabled), the IR bit
in the ICOCL1IC register corresponding to the IC/OC interrupt 1 is set to "1"(with an interrupt request).
Additionally, because each bit in the G1IR register is not automatically set to "0" even if the interrupt is
acknowledged, set to "0" by program. If these bits are left as "1", all IC/OC channel interrupt causes, which
are generated after setting the IR bit to "1", will be disabled.

Interrupt Select Logic
DMA Requests (channel 0 to 7)

Channel 0 to 7 Interrupt requests [

All register are read / write G1IE0 G1IR G1IE1

ENABLE] REQUEST] ENABLE
[TTTTTTT] [TTTTTT]

ED—D—~ IC/OC interrupt 1 request

T_[)—D—> IC/OC interrupt O request

Base timer reset request D—» IC/OC base timer interrupt request
Base timer overflow request g

Base Timer Interrupt / DMA Request

Figure 13.18 IC/OC Interrupt and DMA request generation

Table 13.4 Interrupt Assignment

Interrupt Interrupt control register
IC/OC base timer interrupt BTIC(004716)
IC/OC interrupt O ICOCOIC(004516)
IC/OC interrupt 1 ICOCOIC(004616)

13.3 DMA Support

Each of the interrupt sources - the eight IC/OC channel interrupts and the one Base Timer interrupt - are
capable of generating a DMA request.
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13.4 Time Measurement Function

In synchronization with an external trigger input, the value of the base timer is stored into the G1TM;
register (j=0 to 7). Table 13.5 shows specifications of the time measurement function. Table 13.6 shows
register settings associated with the time measurement function. Figures 13.19 and 13.20 display opera-
tional timing of the time measurement function. Figure 13.21 shows operational timing of the prescaler
function and the gate function.

Table 13.5 Time Measurement Function Specifications

Item Specification
Measurement channel Channels 0 to 7
Selecting trigger input polarity Rising edge, falling edge, both edges of the INPC1j pin @)
Measurement start condition The IFEj bit in the G1FE register should be set to "1" (channels j function

enabled) when the FSCj bit (j=0 to 7) in the G1FS register is set to "1" (time

measurement function selected).

Measurement stop condition The IFEj bit should be set to "0" (channel j function disabled)

Time measurement timing *No prescaler: every time a trigger signal is applied
*Prescaler (for channel 6 and channel 7):

every GITPRk (k=6,7) register value +1times a trigger signal is applied

Interrupt request generation timing | The G1IRi bit (i=0 to 7) in the interrupt request register (See Figure 13.9) is

set to "1" at time measurement timing

INPC1j pin function ) Trigger input pin

Selectable function « Digital filter function

The digital filter samples a trigger input signal level every f1, f2 or fBT1
cycles and passes pulse signal matching trigger input signal level three

times

* Prescaler function (for channel 6 and channel 7)
Time measurement is executed every G17PRk register value +1times a
trigger signal is applied

* Gate function (for channel 6 and channel 7)
After time measurement by the first trigger input, trigger input cannot be
accepted. However, while the GOC bit in the GITMCRK register is set to
"1" (gate cleared by matching the base timer with the G1POp register (p=4
when k=6, p=5 when k=7)), trigger input can be accepted again by
matching the base timer value with the G1POp register setting

« Digital Debounce function (for channel7)

See section 13.6.2 and 17.6 for details

NOTES:
1. The INPC1o0 to INPC17 pins
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Table 13.6 Register Settings Associated with the Time Measurement Function

Register Bit Function
G1TMCR]j CTS1to CTSO Select time measurement trigger
DF1 to DFO Select the digital filter function
GT, GOC, GSC Select the gate function
PR Select the prescaler function
G1TPRK - Setting value of prescaler
G1FS FSCj Set to "1" (time measurement function)
G1FE IFEj Set to "1" (channel j function enabled)

j=0to7 k=6,7
Bit configurations and function varys with channels used.
Registers associated with the time measurement function must be set after setting registers associated with the base timer.

INPC1j pin input

Base timer

G1IRj bit

FFFFis |----
n - — -

p __________________

m|----

000016

PR T

i

G1TM,j register

T
I
1
-
I
I
I
I
1
I
I
I
I
T
1
I
I
I

m

X ]

p

b O

When setting to "0", write "0"

Y/

iay program

[ 1

j=0to7

G1IRj bit : Bits in the G1IR register

The above applies to the following condition.

e The CTS1 to CTSO bits in the GITMCR]j registers are set to "012" (rising edge). The
PR bhit is set to "0" (no prescaler used) and the GT bit is set t0"0" (no gate function

used).

e The RTS4, RTS2, and RTS1 bits in the GIBCR0 and G1BCR1 registers are set to "0"

(no base timer reset). The UD1 to UDO bits are set to "002" (counter increment mode).

Set the base timer to "000016" (setting the RST1 bit to "1", and the RST4 and RST2 bits to "0"),
when the base timer value matches the G1POO register setting. The base timer is set to "000016"
after it reaches the G1POO register value + 2.

Figure 13.19 Time Measurement Function (1)
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(a) When selecting the rising edge as a timer measurement trigger
(The CTS1 to CTSO bits in the GITMCR register (j=0 to 7)=012)

fBT1

Base timer E@ﬂ@@@@@@@@@@@@@@

INPC1j pin input or

trigger signal after ‘
passing the digital
filter

G1IRj bit @
V Delayed by 1 clock " v write "0" by program if setting to "0"
G1TM,; register X N X s X e
NOTES :

1. Bits in the G1IR register.
2. Input pulse applied to the INPC1j pin requires 1.5 fBT1 clock cycles or more.

(b) When selecting both edges as a timer measurement trigger
(The CTS1 to CTSO bits=112)

fBT1

Base timer (o2 )X _n XX 2 meaX neaX nssX meeX X negX meofrs10raXpe12Xrane1d

INPC1j pin input or

trigger signal after

passing the digital

filter

G1IR;j bit <

\erte "0" by program
if setting to "0"

\/} \/ \/ V V
G1TMj register @ X n X n+2 X n+5 X n+8 X n+12

NOTES :
1. Bits in the G1IR register.
2. No interrupt is generated if the microcomputer receives a trigger signal when the G1IRj bit is set to "1".
However, the value of the G1TM; register is updated.

(c) Trigger signal when using digital filter
(The DF1 to DFO bits in the GITMCR register =102 or 112)

f1orf2 or feT1 @

INPC1j pin m ‘ ‘ m

> v ‘ ; Maximum 3.5 f1 or f2 or fBT1
Trigger signal after Signals, which do not match 3 ! clock cycles
passing the digital times, are stripped off
filter The trigger signal is delayed

by the digital filter

NOTES:
1. fBT1 when the DF1 to DFO bits are set to "102", and f1 or f2 when set to "112".

Figure 13.20 Time Measurement Function (2)
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(a) With the prescaler function

fBT1

INPC1j pin input or

(When the G1TPR] register (j = 6,7) is set to "0216", the PR bit in the GITMCR] (j = 6,7) register is set to "1")

Base timer (X aX_n XmeaX ez neaX meaf nes) nseX 7 nes) o) 10t +12Xn+13n+19

measurement trigger

trigger signal after
passing the digital /I |_| |_—
filter
Internal time
\/ \/

Prescaler @ 2 X 1

\/
X 2

Set 0 by program if necessary
G1IRj bit @ ¥

h

\/
G1TM,; register X n+l

\/
X 13

NOTES:

2. Bits in the G1IR register.

(b) With the gate function

FFFF16

Base timer

000016

1. This applies to 2nd or later prescaler cycle after the PR bit in the GITMCR; register is set to "1" (prescaler used).

(The gate function is cleared by matching the base timer with the G1POKk register(k=4,5),
the GT bit in the GITMCR;j (j = 6, 7) register is set to "1", the GOC bit is set to "1")

Value of the G1POKk register - - - - - ----- - - - -=

IFEj bit in G1FE

register J
INPC1j pin input or m
trigger signal after |_|

passing the digital
filter This trigger input is disabled

: due to gate function.
Internal time |—| 9

measurement trigger

1. Bits in the G1IR register.

G1POk register
match signal
Y

Gate control signal

A Gate Gate cleared R ¥~ Gate

Set 0 by program if necessal

G1IRj bit @ |_|x yprog Y |_|

\/ \/
G1TMj register X X

NOTE:

Figure 13.21 Prescaler Function and Gate Function
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13.5 Waveform Generating Function

Waveforms are generated when the base timer value matches the G1POj (j=0 to 7) register value.
The waveform generating function has the following three modes :

* Single-phase waveform output mode

 Phase-delayed waveform output mode

 Set/Reset waveform output (SR waveform output) mode

Table 13.7 lists registers associated with the waveform generating function.

Table 13.7 Registers Related to the Waveform Generating Function Settings

Register Bit Function
G1POCRj MOD1 to MODO Select output waveform mode
IVL Select default value
RLD Select G1POj register value reload timing
INV Select inverse output
G1PQj - Select timing to output waveform inverted
G1FS FSCj Set to "0" (waveform generating function)
G1FE IFEj Set to "1" (enables function on channel j)
j=0to 7

Bit configurations and functions vary with channels used.
Registers associated with the waveform generating function must be set after setting registers associated with the base timer.
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13.5.1 Single-Phase Waveform Output Mode
Output signal level of the OUTC1j pin becomes high("H") when the INV bit in the GIPOCR;j (j=0 to 7)
register is set to "0"(output is not reversed) and the base timer value matches the G1PQj (j=0 to 7)
register value. The "H" signal switches to a low-level ("L") signal when the base timer reaches "000016".
Table 13.8 lists specifications of single-phase waveform mode. Figure 13.22 lists an example of single-
phase waveform mode operation.

Table 13.8 Single-phase Waveform Output Mode Specifications

Item Specification

Output waveform » Free-running operation

(the RST1, RST2, and RST4 bits of the GIBCR1 and G1BCRO registers are set
to "0" (no reset))

Cvele 65536
y T fBT1
Default output level width :
fBT1
) 65536-m
Inverse level width e —
fBT1

« The base timer is cleared to "000016" by matching the base timer with either
following register
(a) G1POO register (enabled by setting RST1 bit to "1", and RST4 and RST2 bits to "0"), or

(b) G1BTRR register (enabled by setting RST4 bit to "1", and RST2 and RST1 bits to "0")

Cycle . _n+2
fBT1

Default output level width : m
fBT1

Inverse level width _n+2-m
fBT1

m : setting value of the G1PQ;j register (j=0 to 7), 000116 to FFFD16
n : setting value of the G1POO register or the G1BTRR register, 000116 to FFFD16
Waveform output start condition The IFEj bit in the G1FE register is set to "1" (channel j function enabled)

Waveform output stop condition The IFE;j bit is set to "0" (channel j function disabled)

Interrupt request The G1IRj bit in the G1IR register is set to "1" when the base timer value
matches the G1POQOj register value (See Figure 13.22)

OuTC1j pin D Pulse signal output pin

Selectable function « Default value set function : Set starting waveform output level

« Inverse output function : Waveform output signal is inversed and provided
from the OUTC1, pin

NOTES:
1. The OUTC10to OUTC17 pins.
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(1) Free-running operation

(The RST4, RST2, and RST1 bits in the GIBCRO and G1BCR1 registers are set to "0")

FFFF16 |- === mm s s s s e oo e e s
Base timer
M pommmm e e e e e oo
000015
' m ! 65536-m '
E fet1 fBT1 I !
OUTC1j pin 5 [inverse ' inverse
; : » " Return to default output level
' ' 65536 | ;
A fBT1 !
! When setting to "0", !
G1IRj bit o~ Wwrite "0" by program |_|
j=0to 7

m : Setting value of the G1POj register
G1IRj bit : Bits in the G1IR register

The above applies under the following conditions.
® The IVL hit in the GIPOCR] register is set to "0" ("L" output as a default value) and the INV bit is set to "0" (not

inversed).

® The UD1 to UDO bits are set to "002" (counter increment mode).

(2) The base timer is reset when the base timer matches either following register
(a) GIPOO (enabled by setting bit RST1 to "1", and bits RST4 and RST2 to "0"), or
(b) G1BTRR (enabled by setting bit RST4 to "1", and bits RST2 and RST1 to "0")

FFFF16
A i i ¥ Al
Base timer
12 T S 0
000016 .
' m | n+2-m ! ! E !
| feta | [ 1 ! 1
. . : V\ 1 V\ ] v\
ouTC1j pin w
: Lon+2 ; Return to default
' Tfem ¥Vnte4"0" by grqgram output level
! if setting to "0" |
G1IRj bit |
j=1to7

m: Setting value of the G1PQj register
n: Setting value of either G1POO register or G1IBTRR register
G1IRj bit: Bits in the G1IR register

The above applies under the following conditions.
® The IVL bit in the G1POCR]j register is set to "0" ("L" output as a default value) and the INV
bit is set to "0" (not inversed).

® The UDL1 to UDO hits are set to "002" (counter increment mode).

Figure 13.22 Single-phase Waveform Output Mode
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13.5.2 Phase-Delayed Waveform Output Mode
Output signal level of the OUTC1j pin is inversed every time the base timer value matches the G1POj
register value (j=0to 7). Table 13.9 lists specifications of phase-delayed waveform mode. Figure 13.23
shows an example of phase-delayed waveform mode operation.

Table 13.9 Phase-delayed Waveform Output Mode Specifications

Item Specification

Output waveform » Free-running operation

(the RST1, RST2, and RST4 bits of the GIBCR1 and G1BCRO registers are set
to "0" (no reset))

| 65536 x 2

Cycle fBT1

"W and "L width - 22236
fBT1

« The base timer is cleared to "000016" by matching the base timer with either
following register
(a) G1POO register (enabled by setting RST1 bit to "1", and RST4 and RST2 hits to "0"), or

(b) G1BTRR register (enabled by setting RST4 bit to "1", and RST2 and RST1 bhits to "0")

. 2(n+2)
Cycle fBT1
. n+2
"H" and "L" width
fBT1

n : setting value of either G1POO register or GIBTRR register

Waveform output start condition The IFE]j bit in the G1FE register is set to "1" (channel j function enabled)

Waveform output stop condition The IFE;j bit is set to "0" (channel j function disabled)

Interrupt request The G1IRj bit in the interrupt request register is set to "1" when the base timer
value matches the G1POj register value. (See Figure 13.23)

OuTC1j pin D Pulse signal output pin

Selectable function « Default value set function : Set starting waveform output level

« Inverse output function : Waveform output signal is inversed and provided
from the OUTC1, pin

NOTES:
1. The OUTC10 to OUTCL17 pins.
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(1) Free-running operation
(The RST4, RST2, and RST1 bits in the GIBCRO and G1BCR1 registers are set to "0")

[ e T R s i
Base timer
2 T < .
000016
! 65536 ! 65536 !
' faTa ' fem1 .
| 1 Inverse ii
OUTC1j pin 4!\ Inverse !‘/ |
! " 65536X2 !
E \4Vrite "0" by program far1 E
: if setting to "0" : .
G1IRj bit e |
j=0to 7

m : Setting value of the G1POj register
G1IRj bit : Bits in the G1IR register
The above applies under the following conditions.
e The IVL bit in the G1IPOCR; register is set to "0" ("L" output as a default value). The INV bit
is set to "0" (not inversed).
e The UD1 to UDO bits are set to "002" (counter increment mode).

(2) Base timer is reset when the base timer matches either following register
(a) G1POO0 (enabled by setting bit RST1 to "1", and bits RST4 and RST2 to "0"), or
(b) G1BTRR (enabled by setting bit RST4 to "1", and bits RST2 and RST1 to "0")

FFFF16
1 R e e
Base timer
11 R e I L T ] R g
000016
m ! n+2 ! n+2 !
fBT1 ! fBT1 ! feT1 !
OUTCZ; pin ™~ Inverse l— Inverse ™~
| h ' Inverse
E Write "0" by programi m E
! if setting to "0" ! BTL !
G1IRj bit |—| o |—| |—|_
jFlto 7

m : Setting value of the G1POj register n: Setting value of either register GIPOO or GIBTRR
G1IRj bit : Bits in the G1IR register
The above applies under the following conditions.
e The IVL bit in the GIPOCR; register is set to "0" ("L" output as a default value).
The INV bit is set to "0" (not inversed).
e The UD1 to UDO bits are set to "002" (counter increment mode).

Figure 13.23 Phase-delayed Waveform Output Mode
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13.5.3 Set/Reset Waveform Output (SR Waveform Output) Mode
Output signal level of the OUTC1j pin becomes high ("H") when the INV bit in the G1POCRI (i=0to 7) is
set to "0" (output is not reversed) and the base timer value matches the G1PQj register value (j=0, 2, 4, 6).
The "H" signal switches to a low-level ("L") signal when the base timer value matches the G1POKk(k=j+1)
register value. Table 13.10 lists specifications of SR waveform mode. Figure 13.24 shows an example of
the SR waveform mode operation.

Table 13.10 SR Waveform Output Mode Specifications

Item Specification

Output waveform  Free-running operation

(the RST1, RTS2, and RST4 bits of the GIBCR1 and G1BCRO registers are set
to "0" (no reset))

Cycle 65536
fBT1

Inverse level width® :  _1-M__
fBT1

» The base timer is cleared to "000016" by matching the base timer with either
following register
(a) G1POO register (enabled by setting RST1 bit to "1", and RST4 and RST2 bits to "0")@), or

(b) G1BTRR register (enabled by setting RST4 bit to "1", and RST2 and RST1 bits to "0")

Cycle p+2
fBT1

Inverse level width@ : —-1_
fBT1

m : setting value of the G1PQj register (j=0, 2,4, 6 )
n : setting value of the G1POKk register (k=j+1)
p : setting value of the G1POO register or GIBTRR register

value range of m, n, p: 000116 to FFFD16

Waveform output start condition ®)| Bits IFEj and IFEk in the G1FE register is set to "1" (channel j function enabled)

Waveform output stop condition Bits IFEj and IFEk are set to "0" (channel j function disabled)

Interrupt request The G1IRj bit in the G1IR register is set to "1" when the base timer value
matches the G1POj register value.

The G1IRK bit in the interrupt request register is set to "1 " when the base
timer value matches the G1POKk register value (See Figure 13.24)

ouTCij pin @ Pulse signal output pin

Selectable function « Default value set function : Set starting waveform output level

« Inverse output function : Waveform output signal is inversed and provided
from the OUTC1j pin

NOTES:
1. The odd channel's waveform generating register must have greater value than the even channel's.
2. When the G1POO register resets the base timer, the channel 0 and channel 1 SR waveform generating functions
are not available.
3. The OUTC1o0, OUTC12, OUTC14, OUTCl1s pins.

Rev. 2.00 Jan. 31, 2007 page 161 of 385 RENESAS
REJO9B0047-0200



M16C/28 Group (M16C/28, M16C/28B)

13. Timer S

(1) Free-running operation
(Bits RST2 and RST1 in the G1BCRO register and the RST4 bit in the GIBCR1
register are set to 0)

Return to default

j pi ' ‘ level
outctipn N imese Y [imese MO

\ 65536
: fBT1
Write O by program

G1IRj bit « if setting t0 0 |

inverse
G1IRK bit "

j=0,2,4,6 k=j+1
m : Setting value of the G1POj register n: Setting value of the G1POk register
G1IR]j, G1IRK bits: Bits in the G1IR register
The above applies under the following conditions.
® The IVL bit in the GIPOCR; register is set to O (L output as a default value). The INV bit is set to 0
(not inversed).
® Bits UD1 and UDO are set to 002 (counter increment mode).

T R e e 7 IR
P RNl PR
Base timer i i
] N — T s
000015 : :
©onm ' 65536-n+m ! |
v feT1 . fat1 ! ,

(2) Base timer is reset when the base timer matches either following register
(a) G1POO0 (enabled by setting bit RST1 to 1, and bits RST4 and RST2 to 0), or
(b) G1BTRR (enabled by setting bit RST4 to 1, and bits RST2 and RST1 to 0)

FFFF16
A R Y S e L L R
[ T I Ty

Base timer m e

p+2-n+m
fBT1

000016

Return to default output level

oUTC1j pin M

: Pop2 E E :
| ! faT1 ' ' ' E
: Write 0 by program ! ! :
G1IRj bit [ ~~ if setting to 0 l : ] :
E When setting to 0, : 1
G1IRK bit o~ Write O by program ‘—\_
j=2,4,6 k=j+1
m : Setting value of the G1PQ;j register n: Setting value of the GLPOK register

p: Setting value of either register GIPOO or GIBTRR
G1IRj, G1IRK bits: Bits in the G1IR register

The above applies under the following conditions.
® The IVL bit in the G1IPOCR;j register is set to 0 (L output as a default value). The INV bit is set to O (not
inversed).
® Bits UD1 and UDO are set to 002 (counter increment mode).

Figure 13.24 Set/Reset Waveform Output Mode
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13.6 I/O Port Function Select

The value in the G1FE and G1FS registers decides which IC/OC pin to be an input or output pin.

In SR waveform generating mode, two channels, a set of even channel and odd channel, are used every
output waveform, however, the waveform is output from an even channel only. In this case, the correspond-
ing pin to the odd channel can be used as an 1/O port.

Table 13.11 Pin setting for Time Measurement and Waveform Generating Functions

Pin IFE | FSC |MOD1|MODO | Port Direction Port Data
P27/INPC17/| O X X X Determined by PD27 P27
OUTC1y 1 1 X X Determined by PD27, Input to INPC17 is always active | P27 or INPC17
1 0 0 0 Single-phase Waveform Output OUTC1~
1 0 0 1 Determined by PD27, SR Waveform Output mode P27
1 0 1 0 Phase-delayed Waveform Output OUTC1r
P26/INPC1e/| O X X X Determined by PD2s P26
OUTCl1e 1 1 X X Determined by PD2s, Input to INPC1s is always active | P26 or INPC1s
1 0 0 0 Single-phase Waveform Output OUTC1s
1 0 0 1 SR Waveform Output OUTC1s
1 0 1 0 Phase-delayed Waveform Output OUTC1s
P2s/INPC1s/| O X X X Determined by PD2s P2s
OUTC1s 1 1 X X Determined by PD2s, Input to INPC1s is always active | P25 or INPC1s
1 0 0 0 Single-phase Waveform Output OUTC1s
1 0 0 1 Determined by PD2s, SR Waveform Output mode P2s
1 0 1 0 Phase-delayed Waveform Output OUTC1s
P24/INPC14/| O X X X Determined by PD24 P24
OUTC14 1 1 X X Determined by PD24, Input to INPC14 is always active | P24 or INPC1a
1 0 0 0 Single-phase Waveform Output OUTC14
1 0 0 1 SR Waveform Output OUTC14
1 0 1 0 Phase-delayed Waveform Output OUTC14
P23/INPC13/| O X X X Determined by PD2s P23
OUTC13 1 1 X X Determined by PD2s, Input to INPC13s is always active | P23or INPC13
1 0 0 0 Single-phase Waveform Output OUTC13
1 0 0 1 Determined by PD23, SR Waveform Output mode P23
1 0 1 0 Phase-delayed Waveform Output OUTC13
P22/INPC12/| O X X X Determined by PD22 P22
OUTC12 1 1 X X Determined by PD22, Input to INPC12 is always activel P22 or INPC12
1 0 0 0 Single-phase Waveform Output OUTC12
1 0 0 1 SR Waveform Output OUTC12
1 0 1 0 Phase-delayed Waveform Output OUTC12
P21/INPC11/| O X X X Determined by PD21 P21
OUTC1: 1 1 X X Determined by PD21, Input to INPC11 is always active | P21 0or INPC11
1 0 0 0 Single-phase Waveform Output OUTC1:1
1 0 0 1 Determined by PD21, SR Waveform Output mode P21
1 0 1 0 Phase-delayed Waveform Output OUTC1:1
P20/INPC10/| O X X X Determined by PD2o P20
OUTC1o 1 1 X X Determined by PD2o, Input to INPC1o is always active | P20 or INPC1lo
1 0 0 0 Single-phase Waveform Output OUTC1o
1 0 0 1 SR Waveform Output OUTC1o
1 0 1 0 Phase-delayed Waveform Output OUTC1o

IFE: IFE]j (j=0 to 7) bits in the G1FE register.
FSC: FSCj (j=0 to 7) bits in the G1FS register.

MOD?2 to MOD1: Bits in the G1IPOCRj (j=0 to 7) register.

Rev. 2.00 Jan. 31,2007 page 163 of 385
REJ09B0047-0200

RENESAS




M16C/28 Group (M16C/28, M16C/28B) 13. Timer S

13.6.1 INPC17 Alternate Input Pin Selection
The input capture pin for IC/OC channel 7 can be assigned to one of two package pins. The CH7INSEL
bit in the G1BCRO register selects IC/OC INPC17 from P27/OUTC17/INPC17 or P17/INT5/INPC17/IDU.

13.6.2 Digital Debounce Function for Pin P17/INT5/INPC17

The INT5/INPC17 input from the P17/INT5/INPC17/IDU pin has an effective digital debounce function
against a noise rejection. Refer to 17.6 Digital Debounce function for this detail.
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14. Serial 1/0O

Note
| The S1/04 interrupt of peripheral function interrupt is not available in the 64-pin package. I

Serial I/0 is configured with five channels: UARTO to UART2, SI/O3 and SI/O4.

14.1 UARTI (i=0 to 2)

UARTI each have an exclusive timer to generate a transfer clock, so they operate independently of each
other.

Figure 14.1 shows the block diagram of UARTI. Figures 14.2 and 14.3 shows the block diagram of the
UARTI transmit/receive.

UARTI has the following modes:

* Clock synchronous serial I/O mode

* Clock asynchronous serial I/O mode (UART mode).

« Special mode 1 (12C bus mode) : UART2

» Special mode 2 : UART2

« Special mode 3 (Bus collision detection function, IEBus mode) : UART2
» Special mode 4 (SIM mode) : UART2

Figures 14.4 to 14.9 show the UARTiI-related registers.
Refer to tables listing each mode for register setting.
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Main clock, PLL clock, or

fesio

fisio

PCLK1=0
o

/o—> f1s10 or f2sio

on-chip oscillator clock
1/8

PCLK1=1

(UARTO)
RxD0O

» fasio
Lo e

Clock source selection UART reception

O TxDo

control circuit

Receive
Reception clock
COLO}? to CLKO Clock synchronous : control circuit W
f1s10 or f2s10 0 type ; Transmi
f 012, I receive
f3zzl|g 102 Q UART transmission_ ! Transmit unit
External —o L [Transmission control| | clock
Clock synchronous circuit
CKDIR=1 type °
Clock synchronous type

(when internal clockis selected)

CKDIR=0|

Clock synchronous type \o—

CKPOL when external clock is selected)  cxpjr=1

Clock synchronous type
CLK (when internal clock is selected)
polarity
CLKOO— reversing \]
circuit
CTSIRTS selected ~ CTS/RTS disabled
CTS0/RTS e RIS
0 0
CRs=0 ~ Vcc
l CTSIRTS disabled
CRD=L CTSo
CTSo from UARTL ———0 CRD=0
RCSP=1
RxD1O O TxD1
Clock source selection UART reception o Receive
CLK1 to CLKO Reception clock

type
Clock synchronous type

(when internal clock is selected)
IWNEn Thterna’ c ot

CKDIR=0

Transmit/
f1S10 or f2510 U1BRG type | receive
fasio Internal CKDIR=0 register ' unit
° o Q
0 UART transmission . | Transmit
fazsio © 1/(ni+1) : Transmission | | clock
External|  cKpIR=1 Clock synchronous control circuit [
= type
Clock synchronous type
1/2 | (when internal clocis selected)
\CKDIR=0
Clock synchronous type
CKPOL (when external clock is selected) CKDIR=1
CLK Clock synchronous type
polarity _ (when internal clock is selected)
CLKlO‘ reversing {(}CLKMDO'O )/]
circuit AN
CLKMDO=1
Clock output I
pin select CTS/RTS selected  CTS/RTS disabled
CTS1/RTS1/ O CLKMD1=1 CRS=1 RTS1
CTS0/ CLKS1 CLRMDIoG - <
Vce
CTS/RTS disabled ——
CRD=1 RCSP=0 CTS1
O/CRDzo o——— CTSo from UARTO
(UART2) Rese= —
X
RxD polarity polarity
RxD2 reversing circuit [ | reversing _O D2
circuit
Clock source selection UART reception Receive
CLK1 to CLKO Reception clock
Clock synchronous | control circuit T i
f1s10 or f2s10 type ; ransmi
012 ' receive
012, !
ffBSIO 102 UART transmissiono ! | Transmit unit
92810 —o Transmission | [ clock
External]  CKDIR=1 Clock synchronous control circuit |

i=0to2

ni: Values set to the UiBRG register

SMD2 to SMDO, CKDIR: Bists in the UIMR register

CLK1 to CLKO, CKPOL, CRD, CRS: Bits in the UiCO register
CLKMDO, CLKMD1, RCSP: Bits in the UCON register

Clock synchronous type
(when external clock is selected
L CKDIR=1
CKPOL Clock synchronous type
CLK (when internal clock is selected)
polarity
CLK2 OA reversing \I
circuit
CTS/RTS CTS/RTS disabled
selected cpg-y RTS2
CTS2/RTS2 RS0 ~N
Vce
l CTSIRTS disabled
CRD=1 CTS2
O-
CRD=0

Figure 14.1 Block Diagram of UARTI (i =0 to 2)
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PAR
disabled

Clock
synchronous
type

RrxDi( )

Clock
synchronous type

UART (7 bits)
UART (8 bits)

UART (7 bits) UARTIi receive register

O
2sP AR FRYESL UART UART (9 bits)
Clock
synchronous type
UART (8 bits)
UART (9 bits)
0:0:0:0:0:0 0§D8| |D7§Ds§D5§D4§D3§D2§D1§Do|

UARTI receive
buffer register

Address 03A616
Address 03A716
Address 03AE16
Address 03AF16

| MSB/LSB conversion circuit

Data bus high-order bits

Data bus low-order bits

PAR
2SP STPS=1 enabled pRYE=1 UART
Q

Q
2=l
STPS=0 PRYE=0| Clock
synchronous
type
1spP PAR yp
disabled

==

| MSB/LSB conversion circuit |

| <=
|D3| |D7§D65D5§D4§D3§D2§D1§Do|

UARTiI transmit
buffer register

Address 03A216
Address 03A316
Address 03AA16
Address 03AB16

UART (8 bits)
UART (9 bits)

Clock synchronous

UART (9 bits) type

TxDi

UART (7 bits) UARTI transmit register

UART (7 bits)
UART (8 bits) .
SP: Stop bit

PAR: Parity bit

SMD2 to SMDO, STPS, PRYE, IOPOL, CKDIR : Bits in the UiIMR

Clock synchronous
type

Figure 14.2 Block Diagram of UARTiI (i = 0, 1) transmit/receive unit
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No reverse
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RxD data
Rx02(O— e |
I0POL=1
Reverse
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synchronous type

UART
(7 bits)

(8 bits) UART(7 bits) UARTI receive register

PAR
sp disabled

Clock
synchronous
type

Clock
synchronous type

UART
(8 bits)
UART
(9 bits)

PAR  PRYE=1 arT

enabled

(9 bits)

0000000D8| |D7§D6§D5§D4§D3§D2§D1§Do|

<,t_

(

| Logic reverse circuit + MSB/LSB conversion circuitl

Data bus high-order bits

Data bus low-order bits

[

[ Logic reverse circuit + MSB/LSB conversion circuit|

(

Y
|Ds| |D7§D62D5§D4§D3§D2§D1§D0|

(

UART

(8 bits)

UART

(9 bits)

Clock
synchronous type

UART
PAR (9 bits)
2gp STPS=1 enabledppyp-1 UART

O Q
-
STPS=0 =0| Clock N . . .
PRYE=0 syf.ihmnous UART UART(7 bits) UARTI transmit register

1SP PAR pe
disabled

(8 bits)

Clock
synchronous type

Error signal output
U2ERE disable |OPOL Noreverse

— Error signal output  _ Reverse
=1 =1
enable

SP: Stop bit
PAR: Parity bit

U2ERE : Bits in the U2C1 register

=0 =0
Error signal TxD data TxD2
output circuit reverse circuit

U2ERE IOPOL

SMD2 to SMDO, STPS, PRYE, IOPOL, CKDIR : Bits in the U2MR register

UART2 receive
buffer register
Address 037E16 )
Address 037F16

UART2 transmit
buffer register

Address 037A16 )
Address 037B16

Figure 14.3 Block Diagram of UART2 Transmit/Receive Unit
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UARTi Transmit Buffer Register (i=0 to 2)®)
(b15) (8) Symbol Address After Reset
b7 b0 b7 bo uoTB 03A316-03A216  Indeterminate
>< >< >< >< >< >< >< | | U1TB 03AB16-03AA16  Indeterminate
u2TB 037B16-037A16  Indeterminate
Function RW
S LS Transmit data WO
Nothing is assigned. _
""""""""""""""""""" When write, set to "0". When read, its content is indeterminate.
NOTES:
1. Use MOV instruction to write to this register.
UARTI Receive Buffer Register (i=0 to 2)
(b15) (b8) Symbol Address After Reset
b7 b0 b7 8 UORB 03A716-03A616  Indeterminate
| | utrse 03AF15-03AE1s  Indeterminate
T U2RB 037F16-037E16  Indeterminate
Bit Bit Name Function RW
H Symbol
(b7-_b0) — Receive data (D7 to Do) RO
(&) — Receive data (Ds) RO
- Nothing is assigned. _
H (b10-b9) | When write, set to "0". When read, its content is indeterminate.
ABT | Arbitration lost detecting 0 : Not detected
: flag @ 1 : Detected RW
OER | Overrun error flag @) 0 : No overrun error
' 1: Overrun error found RO
FER | Framing error flag 0 : No framing error RO
: 1 : Framing error found
PER | Parity error flag @ 0 : No parity error RO
1 : Parity error found
. SUM | Error sumflag @ 0 : No error RO
1: Error found
NOTES:
1. When the SMD2 to SMDO bits in the UiMR register are set to “000 2" (serial I/0 disabled) or the RE bit in the UiC1 register is set to “0” (reception
disabled), all of the SUM, PER, FER and OER bits are set to “0” (no error). The SUM bit is set to “0” (no error) when all of the PER, FER and OER
bits are set to “0” (no error). Also, the PER and FER bits are set to “0” by reading the lower byte of the UiRB register.
2. The ABT bit is set to “0” by setting to “0” by program. (Writing “1” has no effect.)
Nothing is assigned at the bit 11 in the UORB and U1RB registers. When write, set to "0". When read, its content is "0".
UARTi Baud Rate Generation Register (i=0 to 2)(1. 2. 3)
b7 bo Symbol Address After Reset
UOBRG 03Al1s Indeterminate
U1BRG 03A916 Indeterminate
U2BRG 037916 Indeterminate
Function Setting Range RW
e Assuming that set value = n, UiBRG divides the count source 0015 to FF16 wo
byn+1
NOTES:
1. Write to this register while serial I/O is neither transmitting nor receiving.
2. Use MOV instruction to write to this register.
The transfer clock is shown below when the setting value in the UiBRG register is set as n.
(1) When the CKDIR bit in the UiMR register to “0” (internal clock)
« Clock synchronous serial I/O mode :fjl(2(n+1))
« Clock asynchronous serial I/O (UART) mode : fj/(16(n+1))
(2) When the CKDIR bit in the UiMR register to “1” (external clock)
« Clock synchronous serial I/O mode : fext
« Clock asynchronous serial I/O (UART) mode  : fext/(16(n+1))
fj : f1SI0O, f2SI0, f8SI0, f32SI0
fext : Input from CLKi pin
3. Set the UiBRG register after setting the CLK1 and CLKO bits in the UiCO registers.

Figure 14.4 UOTB to U2TB, UORB to U2RB, UOBRG to U2BRG Registers
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b7 b6 b5 b4 b3 b2 bl b0

UARTI Transmit/receive Mode Register (i=0, 1)

NOTES:

b7 b6 b5 b4 b3 b2 bl b0

UART2 Transmit/receive Mode Register

NOTES:

Symbol Address After Reset
UOMR, UIMR 03A016, 03A816 0016
Bit ) )
Symbol Bit Name Function RW
. . b2 b1 b0
SMDO %;nm /0 mode select bit | ¢ 00 : Serial /0 disabled RW
00 1: Clock synchronous serial I/0O mode
SMD1 1 00 : UART mode transfer data 7 bits long
10 1: UART mode transfer data 8 bits long RW
11 0: UART mode transfer data 9 bits long
SMD2 Do not set the value other than the above RW
CKDIR [Internal/external clock 0 : Internal clock RW
select bit 1 : External clock (1)
STPS  |stop bit length select bit | 0 - One stop bit
P 9 1: Two stop bits RW
PRY [Odd/even parity select bit | Effective when PRYE =1
0 : Odd parity RW
1: Even parity
PRYE |Parity enable bit 0 : Parity disabled RW
1: Parity enabled
©7) Reserve bit Set to "0 RW
1. Set the corresponding port direction bit for each CLKi pin to “0” (input mode).
2. To receive data, set the corresponding port direction bit for each RxDi pin to “0” (input mode).
Symbol Address After Reset
U2MR 037816 0016
Bit . E i
Symbol Bit Name unction RW
SMDO | serial 110 mode select bit Bz%ha - Serial 1/0 disabled RW
@ 00 1: Clock synchronous serial /O mode
SMD1 010:12C bus mode
100 : UART mode transfer data 7 bits long RW
101 : UART mode transfer data 8 bits long
SMD2 11 0: UART mode transfer data 9 bits long
Do not set the value other than the above RW
CKDIR [Internal/external clock 0 : Internal clock RW
select bit 1 : External clock (1)
STPS | stop bit length select bit | 0 * One stop bit
P 9 1: Two stop bits RW
PRY |Odd/even parity select bit | Effective when PRYE = 1
0 : Odd parity RW
1: Even parity
PRYE |Parity enable bit 0 : Parity disabled RW
1: Parity enabled
joPoOL |TxD, RxD I/O polarity 0 : No reverse RW
reverse bit 1: Reverse
1. Set the corresponding port direction bit for each CLK2 pin to “0” (input mode).
2. To receive data, set the corresponding port direction bit for each RxD2 pin to “0” (input mode).
3. Set the corresponding port direction bit for SCL 2 and SDA2 pins to “0” (input mode).

Figure 14.5 UOMR to U2MR Registers
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M16C/28 Group (M16C/28, M16C/28B) 14. Serial I/O
UARTI Transmit/receive Control Rregister 0 (i=0 to 2)
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address After Reset

| | | | | | | | | UOCO to U2CO  03A416, 03AC16, 037C16 000010002
Bit Bit Name Function RW
+ 1| Symbol
P P w10
i 1 CLKO | BRG co_unt730urce 00 : f1sio or f2si0 is selected RW
select bit 01 : fssio is selected
[ ...l cLk1 10: fa2sio is selected RW
11: Do not set
' ' ________ CRS CTS/RTS function Effective when CRD is set to "0"
v select bit 3) 0 : CTS function is selected (1) RW
1: RTS function is selected
[ T T P TXEPT | Transmit register empty |0 : Data present in transmit register (during transmission)
I flag 1: No data present in transmit register RO
(transmission completed)
CRD | CTS/RTS disable bit |0 : CTSIRTS function enabled
P s 1: CTS/RTS function disabled RW
o (P60, P64 and P73 can be used as I/0 ports)(©)
R NCH | Data output select bit®) |0 : TxD2/SDA2 and SCLIi pins are CMOS output RW
1: TxD2/SDA2 and SCLi pins are N-channel open-drain output()
P CKPOL | CLK polarity select bit 0 : Transmit data is output at falling edge of transfer clock
T and receive data is input at rising edge RW
' 1: Transmit data is output at rising edge of transfer clock
and receive data is input at falling edge
el UFORM (Transfer format select bit (0 : LSB first RW

@)

[

: MSB first

NOTES:

1. Set the corresponding port direction bit for each CTSi pin to “0” (input mode).

2. Effective when the SMD2 to SMDO bits in the UMR register to "0012"(clock synchronous serial /O mode) or "0102" (UART mode
transfer data 8 bits long). Set the UFORM bit to "1" when the SMD2 to SMDO bits are set to "1012" (12C bus mode) and "0" when
they are set t0"1002" (UART mode transfer data 7 bits long) or "1102" ( UART mode transfer data 9 bits long).

CTS1/RTS1 can be used when the CLKMDL bit in the UCON register is set to “0” (only CLK1 output) and the RCSP bit in the
UCON register is set to “0” (CTS0/RTSo not separated).

SDAZ2 and SCL2 are effective when i = 2.

When the SMD2 to SMDO bits in UiMR regiser are set to “0002” (serial I/O disable), do not set NCH bit to “1” (TxDi/SDA2 and
SCL2 pins are N-channel open-drain output). _

When the ULMAP bit in PACR register is “1” (P7 3 to P70), CTS/RTS pin in UARTL1 is assigned to P7 o.

When the CLK1 and CLKO bit settings are changed, set the UIBRG register.

@

ok

~No

UART Transmit/receive Control Register 2

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
N[ | UCON 03B016 X00000002
Bit Symbol Bit Name Function RW
UOIRS | YARTO transmit interrupt | 0: Transmit buffer empty (Tl = 1) RW
cause select bit 1: Transmission completed (TXEPT = 1)
’ ULRS | YARTL transmit interrupt | 0: Transmit buffer empty (Tl = 1) RW
R S S cause select bit 1: Transmission completed (TXEPT = 1)
e UARTO continuous 0: Continuous receive mode disabled
A UORRM ; . X ; . RW
oo receive mode enable bit | 1: Continuous receive mode enable
e ULRRM | UART1 continuous 0: Continuous receive mode disabled RW
A receive mode enable bit | 1: Continuous receive mode enabled
Effective when CLKMDL1 bit is set to “1”
[ UART1 CLK/CLKS
oo CLKMDO | o lact bit O 0: Clock output from CLK1 RW
N 1: Clock output from CLKS1
0: Output from CLK1 only
o CLkmp1 | YARTL CLK/CLKS 1: Transfer clock output from multiple RW
HE select bit 1 (1) X ;
[ pins function selected
. 0: CTS/RTS shared pin
HE RCSP %@UARTO 1: CTS/RTS separated (CTSo supplied RW
N CTS/RTS bit ]
P from the P64 pin)(2)
—_— Nothing is assigned. When write, set to “0”". .
frmmmmmmmmmmmmemmmemenoes (b7) When read, the content is indeterminate

NOTES:
1. To use more than one transfer clock output pins, set the CKDIR bit in the ULMR register to “0” (internal clock).
2. When the U1IMAP bit in PACR register is set to “1” (P73 to P70), CTSo is supplied from the P70 pin.

Figure 14.6 UOCO to U2C0 and UCON Registers
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14.Serial 110

b7 b6 bS5 b4 b3 b2 bl bo

UARTI Transmit/receive Control Register 1 (i=0, 1)

b7 b6 b5 b4 b3 b2 bl bo

UART?2 Transmit/receive Control Register 1

b7 b6 b5 b4 b3 b2 bl b0

Pin Assignment Control Register ()

NOTES:

enable).

Symbol Address After Reset
UoC1, UiC1 03A516,03AD16 000000102
Bit Bit Name Function RW
Symbol
TE Transmit enable bit 0 : Transmission disabled RW
1: Transmission enabled
TI Transmit buffer 0 : Data present in UiTB register RO
empty flag 1: No data present in UiTB register
RE Receive enable bit 0 : Reception disabled RW
1 : Reception enabled
RI Receive complete flag 0 : No data present in UiRB register RO
1: Data present in UiRB register
— Nothing is assigned. _
(b7-b4) | When write, set “0”. When read, these contents are “0”.
Symbol Address After Reset
| u2c1 037D16 000000102
Bit . )
Bit Name Function RW
Symbol
TE | Transmit enable bit 0 : Transmission disabled RW
1: Transmission enabled
TI Transmit buffer 0 : Data present in U2TB register RO
empty flag 1: No data present in U2TB register
RE Receive enable bit 0 : Reception disabled RW
1 : Reception enabled
RI Receive complete flag 0 : No data present in U2RB register RO
1: Data present in U2RB register
U2IRS [UART2 transmit interrupt | O : Transmit buffer empty (TI = 1) RW
cause select bit 1: Transmit is completed (TXEPT = 1)
U2RRM | UART2 continuous 0 : Continuous receive mode disabled RW
receive mode enable bit | 1 : Continuous receive mode enabled
U2LCH | Data logic select bit 0 : No reverse RW
1: Reverse
U2ERE | Error signal output 0 : Output disabled RW
enable bit 1 : Output enabled
Symbpl Address After Reset
PACR 025D16 0016
i | Bit Symbol Bit Name Function RW
-] PACR0 |Pinenabling bit 010 : 64 pin RW
011 : 80 pin
""" PACR1 All other values are reserved. Do |RW
PACR2 not use. RW
Reserved bits Nothing is assigned. When write,
(b6-b3) set to “0”. When read, its —
contentis “0".
UART1 pin remapping bit |UARTL pins assigned to
ULIMAP 0: P67 to P64 RW
1:P73to P70

1. Set the PACR register by the next instruction after setting the PRC2 bit in the PRCR register to "1"(write

Figure 14.7 UOC1 to U2C1 Register, and PACR Register
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b7 b6 b5 b4 b3 b2 bl bo

)AL [o] | 1]

UART2 Special Mode Register

NOTES:

UART2 Special Mode Register 2

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
U2SMR 037716 X00000002
Bit ) .
Bit Name Function RW
Symbol
IICM | 12C bus mode select bit | 0 : Other than 12C bus mode RW
1:12C bus mode
ABC Arbitration lost detecting | 0 : Update per bit RW
flag control bit 1: Update per byte
BBS Bus busy flag 0 : STOP condition detected RW
1: START condition detected (busy) (1)
(b3) | Reserved bit Setto “0” RW
Bus collision detect 0 : Rising edge of transfer clock
ABSCS - . . A
sampling clock select bit |1 : Underflow signal of timer AO RW
ACSE | Auto clear function 0 : No auto clear function
select bit of transmit 1: Auto clear at occurrence of bus collision RW
enable bit
SSs | Transmit start condition | O : Not synchronized to RxDi
select bit 1 : Synchronized to R xDi ) RW
- Nothing is assigned. When write, set “0”.
(b7) When read, its content is indeterminate. -
1: The BBS bit is set to “0” by writing “0" by program. (Writing “1” has no effect).
2: When a transfer begins, the SSS bit is set to “0” (Not synchronized to RxDi).
Symbol Address After Reset
U2SMR2 037616 X00000002
: Bit . )
! Bit Name Function RW
1| Symbol
1ICM2 12C bus mode select bit 2 | Refer to Table 14.13 RW
CSsC Clock-synchronous bit 0 : Disabled RW
1: Enabled
SWC SCL2 wait output bit 0 : Disabled RW
1: Enabled
| ALS SDA2 output stop bit 0 : Disabled
1: Enabled RW
{ STAC UART initialization bit 0 : Disabled RW
1: Enabled
SWC2 [ SCL2 wait output bit 2 0: Transfer clock RW
1: “L" output
SDHI SDA2 output disable bit 0: Enabled RW
1: Disabled (high impedance)
- Nothing is assigned. When write, set “0”. _
(b7) | When read, its content is indeterminate.

Figure 14.8 U2SMR and U2SMR2 Registers
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UART?2 Special Mode Register 3

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
| | | |><| U2SMR3 037516 000X0X0X2
Bit Bit Name Function RW
A i 1| Symbol
L Nothing is assigned. _
. (b0) When write, set “0”. When read, its content is indeterminate.
CKPH | Clock phase set bit 0 : Without clock delay RW
1 : With clock delay
— Nothing is assigned. .
(b2) When write, set “0”. When read, its content is indeterminate.
I NODC | Clock output select bit 0 : CLKi is CMOS output
e 1 : CLKi is N-channel open drain output RW
- Nothing is assigned. _
e (b4) | When write, set “0". When read, its content is indeterminate.
R DLO | SDA digital delay b7 b6 b5 RW
setup bit 0 0 0: Without delay
. .2 0 0 1:1to2 cycle(s)of UIBRG count source
DL1 0 1 0:2to 3 cycles of UIBRG count source
. 0 1 1:3to4cycles of UIBRG count source RW
1 0 0:4to5 cycles of UIBRG count source
H DL2 1 0 1:5to06 cycles of UIBRG count source
P 1 1 0:6to 7 cycles of UIBRG count source RW
1 1 1:7to 8 cycles of UIBRG count source

NOTES:
1. The DL2 to DLO bits are used to generate a delay in SDAI output by digital means during 12C bus mode. In other than

12C bus mode, set these bits to “0002" ( UART mode transfer data 9 bits long).

2. The amount of delay varies with the load on SCL2 and SDAZ2 pins. Also, when using an external clock, the amount of

delay increases by about 100 ns.

UART2 Special Mode Register 4

b7 b6 b5 b4 b3 b2 bl b0

| | Symbol Address After Reset
L U2SMR4 037416 0016
Bit Symbol Bit Name Function RW
[ oo Sy [20 »
L1 roaneo| et (S S i
.
L srseset. | sciz, soazoupu | § S sp cndions fo et | gy
_______________ ACKD | ACK data bit (1) Q%K RW
____________________ Ackc | ACK data output (1) igr:(a:jgg‘éitt‘:‘)&”tp“t RW
SCLHI | SCL2 output stop 2 E:ls:k?lf(? RW
___________________________ SWC9 | SCL2 wait bit 3 e Eg:g girf:g:g RW
NOTE:
1. Set to “0” when each condition is generated.
Figure 14.9 U2SMR3 and U2SMR4 Registers
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14.1.1 Clock Synchronous serial I/0 Mode

The clock synchronous serial I/O mode uses a transfer clock to transmit and receive data. Table 14.1
lists the specifications of the clock synchronous serial /O mode. Table 14.2 lists the registers used in
clock synchronous serial I/O mode and the register values set.

Table 14.1 Clock Synchronous Serial I/O Mode Specifications

Item Specification
Transfer data format « Transfer data length: 8 bits
Transfer clock * The CKDIR bit in the UIMR(i=0 to 2) register is set to “0” (internal clock) : fj/ (2(n+1))

fj = f1s10, f2sI0, f8slo, f32s10. n: Setting value of UIBRG register 0016 to FF16
* CKDIR hit is set to “1” (external clock ) : Input from CLKi pin
Transmission, reception control « Selectable from CTS function, RTS function or CTS/RTS function disable
Transmission start condition « Before transmission can start, the following requirements must be met @
- The TE bit in the UiC1 register is set to "1" (transmission enabled)
— The TI bit in the UiC1 register is set to "0" (data present in UiTB register)
— If CTS function is selected, input on the CTSi pin is set to “L”
Reception start condition « Before reception can start, the following requirements must be met (1)
— The RE bit in the UiC1 register is set to "1" (reception enabled)
- The TE bit in the UiC1 register is set to "1" (transmission enabled)
—The TI bit in the UiC1 register is set to "0" (data present in the UiTB register)
Interrupt request « For transmission, one of the following conditions can be selected
generation timing —The UIIRS bit @ s set to "0" (transmit buffer empty): when transferring data from the
UIiTB register to the UARTI transmit register (at start of transmission)
— The UIIRS hit is set to "1" (transfer completed): when the serial I/O finished sending
data from the UARTI transmit register
 For reception
When transferring data from the UARTI receive register to the UiRB register (at
completion of reception)
Error detection « Overrun error @
This error occurs if the serial I/O started receiving the next data before reading the
UiRB register and received the 7th bit in the the next data
Select function * CLK polarity selection
Transfer data input/output can be chosen to occur synchronously with the rising or
the falling edge of the transfer clock
* L SB first, MSB first selection
Whether to start sending/receiving data beginning with bit O or beginning with bit 7
can be selected
« Continuous receive mode selection
Reception is enabled immediately by reading the UiRB register
« Switching serial data logic (UART2)
This function reverses the logic value of the transmit/receive data
« Transfer clock output from multiple pins selection (UART1)
The output pin can be selected in a program from two UART1 transfer clock pins that
have been set
« Separate CTS/RTS pins (UARTO)
CTSo and RTSo are input/output from separate pins
* UART1 pin remapping selection
The UARTL1 pin can be selected from the P67 to P64 or P73 to P70

NOTES:

1. When an external clock is selected, the conditions must be met while if the CKPOL bit in the UiCO register is set to “0”
(transmit data output at the falling edge and the receive data taken in at the rising edge of the transfer clock), the external
clock is in the high state; if the CKPOL bit in the UiCO register is set to “1” (transmit data output at the rising edge and the
receive data taken in at the falling edge of the transfer clock), the external clock is in the low state.

2. If an overrun error occurs, bits 8 to 0 in UiRB register are undefined. The IR bit in the SiRIC register remains unchanged.

3. The UOIRS and U1IRS bits respectively are the bits 0 and 1 in the UCON register; the U2IRS bit is bit 4 in the U2C1 register.
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Table 14.2 Registers to Be Used and Settings in Clock Synchronous Serial /O Mode

Register Bit Function

uiTB® Oto 7 Set transmission data

UIRB() Oto 7 Reception data can be read
OER Overrun error flag

UiBRG Oto7 Set a transfer rate

UIMRG) | SMD2 to SMDO Set to “0012”
CKDIR Select the internal clock or external clock
IOPOL(i=2) ¥ Set to “0”

UiCo CLK1 to CLKO Select the count source for the UiBRG register
CRS Select CTS or RTS to use
TXEPT Transmit register empty flag
CRD Enable or disable the CTS or RTS function
NCH Select TxDi pin output mode
CKPOL Select the transfer clock polarity
UFORM Select the LSB first or MSB first

UiCl TE Set this bit to “1” to enable transmission/reception
TI Transmit buffer empty flag
RE Set this bit to “1” to enable reception
RI Reception complete flag
U2IrRs @ Select the source of UART2 transmit interrupt
U2RRM () Set this bit to “1” to use UART2 continuous receive mode
U2LCH @) Set this bit to “1” to use UART?2 inverted data logic
U2ERE ) Set to “0”

U2SMR Oto7 Set to “0”

U2SMR2 | Oto 7 Set to “0”

U2SMR3 | 0to 2 Set to “0”
NODC Select clock output mode
4t07 Set to “0”

U2SMR4 | Oto7 Set to “0”

UCON UOIRS, U1IRS Select the source of UARTO/UARTL1 transmit interrupt
UORRM, ULIRRM | Set this bit to “1” to use continuous receive mode
CLKMDO Select the transfer clock output pin when CLKMD1 is setto 1
CLKMD1 Set this bit to “1” to output UART1 transfer clock from two pins
RCSP Set this bit to “1” to accept as input the UARTO CTSo signal from the P64 pin
7 Set to “0”

NOTES:

1. Set the bit 4 and bit 5 in the UOC1 and U1C1 register to “0”. The UOIRS, U1IRS, UORRM and U1RRM
bits are in the UCON register.

2. Not all register bits are described above. Set those bits to “0” when writing to the registers in clock
synchronous serial /O mode.

3. Set the bit 6 and bit 7 in the UOC1 and U1C1 register to "0".

4. Set the bit 7 in the UOMR and U1MR register to "0".

i=0to 2
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M16C/28 Group (M16C/28, M16C/28B) 14. Serial I/O

Table 14.3 lists pin functions for the case where the multiple transfer clock output pin select function is
deselected. Table 14.4 lists the P64 pin functions during clock synchronous serial I/O mode.

Note that for a period from when the UARTI operation mode is selected to when transfer starts, the TxDi
pin outputs an “H". (If the N-channel open-drain output is selected, this pin is in a high-impedance state.)

Table 14.3 Pin Functions (When Not Select Multiple Transfer Clock Output Pin Function)®

Pin name Function Method of selection
TxDi (i = 0 to 2)| Serial data output (Outputs dummy data when performing reception only)
(P63, P67, P70)
RxDi Serial data input Set the PD6_2 bit and PD6_6 bit in the PD6 register, and PD7_1 bit in the PD7
(P62, P66, P71) register to "0"(Can be used as an input port when performing transmission only)
CLKi Transfer clock output Set the CKDIR bit in the UIMR register to "0"

(Por, Pos, Pra)y ] Setthe CKDIR bitin the UMR register to "1
: iti i i

Transfer clock input Set the PD6_1 bit and PD6_5 bit in the PD6 register, and the PD7_2 bit in the

PD?7 register to "0"

CTSi/RTSi CTS input Set the CRD bit in the UiCO register to "0"
(P60, P64, P73) Set the CRS bit in the UiCO register to "0"
Set the PD6_0 bit and PD6_4 bit in the PD6 register is set to "0", the PD7_3 bit

RTS output Set the CRD bit in the UiCO register to "0"
Set the CRS bit in the UiCO register to "1"

1/0 port Set the CRD bit in the UiCO register to "1"

NOTES:
1: When the ULMAP bit in PACR register is “1” (P73 to P70), UARTL pin is assgined to P73 to P7o0.

Table 14.4 P64 Pin Functions(!)

Pin function Bit set value
U1CO register UCON register PD6 register
CRD CRS RCSP | CLKMD1 | CLKMDO PD6_4

P64 1 — 0 0 — Input: O, Output: 1

CTS1 0 0 0 0 — 0

RTS1 0 1 0 0 — —

CTSo®@ 0 0 1 0 — 0

CLKS1 — — — 13) 1 —

NOTES:

1. When the ULIMAP bit in PACR register is “1” (P73 to P70), this table lists the P70 functions.
2. In addition to this, set the CRD bit in the UOCO register to “0” (CT00/RT0o0 enabled) and the
CRS bit in the UOCO register to “1” (RTSo selected).
3. When the CLKMD1 bitis setto "1" and the CLKMDO bit is set to "0", the following logiclevels
are output:
« High if the CLKPOL bit in the U1CO register is set to "0"
* Low if the CLKPOL bit in the U1CO register is set to "1"
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(1) Example of Transmit Timing (Internal clock is selected)

Tc

Transfer clock |||||||| ||| ||| ||| ||| |||| || ||| ||| ||| |

UiC1 register I I
TE bit ‘0" Wnte data to the UiTB register

UiC1 register K _I Iﬁ’
T bit 0 4)\

Transferred from UiTB register to UARTI transmit register

cTsi —|__| Teik '\'|_|

Stopped pulsing because CTSi = “H"

L

Stopped pulsing because the TE bit = “0”

CLKi

PEOEEREREEEEREE RCEEERE
L ] | [

%Tkiﬁ register (1) |_| '_l l_l
e AN d

Cleared to “0” when interrupt request is accepted, or cleared to “0” in a program
Tc=TCLK =2(n + 1) /fj
fi: frequency of UIBRG count source (f1SI0, f2S10, f8SI0, f32S10)
n: value set to UiBRG register
ii0to2

The above timing diagram applies to the case where the register bits are set as follows:
* The CKDIR bit in the UiMR register is set to "0" (internal clock)
« The CRD bit in the UiCO register is set to "0" (CTS/RTS enabled); CRS bit is set to "0" (CTS selected)
* The CKPOL bit in the UiCO register is set to "0" (transmit data output at the falling edge and receive data taken in at the rising edge of the
transfer clock)
» The UiIRS bit is set to "0" (an interrupt request occurs when the transmit buffer becomes empty): UOIRS bit is the bit 0 in the UCON register
U1IRS bit is the bit 1 in the UCON register, and U2IRS bit is the bit 4 in the U2C1 register.

(2) Example of Receive Timing (External clock is selected)

g
UiC1 register
RE bit “0”J

1

1
UiC1 register I
TE bit ‘0" Write dummy data to UiTB register

w I
UiC1 register —l i | a;’ 4)\
Tl bit “0 ‘
o i1 Transferred from UiTB register to UARTI transmit register
RTSi | | |_| Even if the reception is completed, the RTS
“Lr does not change. The RTS becomes “L”

: —>|—{<— 1/ fexr ™~ when the RI bit changes to “0” from “1".
@

CLKi

Receive data is taken in

RxDi

Transferred from UARTI receive register Read out from UiRB register
to UiRB register

UiC1 register
RI bit “0"

SiRIC register “1" |
IR bit “0”

Cleared to “0” when interrupt request is
accepted, or cleared to “0” by program

The above timing diagram applies to the case where the register bits are set Make sure the following conditions are met when input
as follows: to the CLKi pin before receiving data is high:
* The CKDIR bit in the UiMR register is set to "1" (external clock) * UiCO register TE bit is set to "1" (transmit enabled)
* The CRD bit in the UiCO register is set to "0"(CTS/RTS enabled); « UiCO register RE bit is set to "1" (Receive enabled)
The CRS bit is set to "1" (RTS selected) » Write dummy data to the UiTB register

« UiCO register CKPOL bit is set to "0"(transmit data output at the falling edge and
receive data taken in at the rising edge of the transfer clock)

fEXT: frequency of external clock

Figure 14.10 Typical transmit/receive timings in clock synchronous serial /0O mode
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14.1.1.1 Counter Measure for Communication Error Occurs
If a communication error occurs while transmitting or receiving in clock synchronous serial I/O mode,
follow the procedures below.
*Resetting the UiRB register (i=0 to 2)
(1) Set the RE bit in the UiC1 register to “0” (reception disabled)
(2) Set the SMD2 to SMDO bits in the UiMR register to “0002” (Serial /0O disabled)
(3) Set the SMD2 to SMDO bits in the UiMR register to “0012"” (Clock synchronous serial I/O mode)
(4) Set the RE bit in the UiC1 register to “1” (reception enabled)

*Resetting the UIiTB register (i=0 to 2)
(1) Set the SMD2 to SMDO bits in the UiMR register to “0002” (Serial 1/0 disabled)
(2) Set the SMD2 to SMDO bits in the UiMR register to “0012” (Clock synchronous serial I/O mode)
(3) “1" is written to TE bit in the UiC1 register (reception enabled), regardless to the TE bit.
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14.1.1.2 CLK Polarity Select Function
Use the CKPOL bit in the UiCO register (i=0 to 2) to select the transfer clock polarity. Figure 14.11
shows the polarity of the transfer clock.

(1) When the CKPOL bit in the UiCO register is set to "0" (transmit data output at the falling
edge and the receive data taken in at the rising edge of the transfer clock)

cmm @
TXDi XDOXDlXD'Z/) D3><D4><D5><D6><D7
><DO><D1><D2 D3><D4 D5><D6><D7

RXDi

(2) When the CKPOL bit in the UiCO register is set to "1" (transmit data output at the rising
edge and the receive data taken in at the falling edge of the transfer clock)

T N Y I 25 O
|
TXDi XDo)E(mXDzz) D3 X p4a X ps X De X D7

RXDi X po X b1 X b2 X p3 X pa X ps X ps X pr

NOTES:
1. This applies to the case where the UFORM bit in the UiCO register is set to "0" (LSB
first) and the UILCH bit in the UiC1 register is set to "0" (no reverse).
2. When not transferring, the CLKi pin outputs a high signal.
3. When not transferring, the CLKi pin outputs a low signal.
i=0to 2

Figure 14.11 Polarity of transfer clock

14.1.1.3 LSB First/MSB First Select Function
Use the UFORM bit in the UiCO register (i=0 to 2) to select the transfer format. Figure 14.12 shows the
transfer format.

(1) When the UFORM bit in the UiCO register "0" (LSB first)

cax L)L) L L
TXDi X po X b1 X D2 X D3 X Da X D5 X D6 X D7
RXDi X po X b1 X D2 X D3 X Da X D5 X Ds X D7

(2) When the UFORM bit in the UiCO register is set to "1" (MSB first)

e L) UL L
TXDi ><D7><D6><D5><D4><D3><D2><Dl><DO
RXDi ><D7><D6><D5><D4><D3><D2><D1><DO

NOTES:

1. This applies to the case where the CKPOL bit in the UiCO register is
set to "0" (transmit data output at the falling edge and the receive
data taken in at the rising edge of the transfer clock) and the UiLCH
bit in the UiC1 register "0" (no reverse).

i=0to 2

Figure 14.12 Transfer format
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14.1.1.4 Continuous receive mode
When the UiRRM bit (i=0 to 2) is set to "1" (continuous receive mode), the Tl bit in the UiC1 register is
set to “0” (data present in the UiTB register) by reading the UiRB register. In this case, i.e., UIRRM bit
is setto "1", do not write dummy data to the UiTB register in a program. The UORRM and U1RRM bits
are the bit 2 and bit 3 in the UCON register, respectively, and the U2RRM bit is the bit 5 in the U2C1
register.

14.1.1.5 Serial data logic switch function (UART2)
When the U2LCH bit in the U2C1 register is set to "1" (reverse), the data written to the U2TB register
has its logic reversed before being transmitted. Similarly, the received data has its logic reversed
when read from the U2RB register. Figure 14.13 shows serial data logic.

(1) When the U2LCH bit in the U2C1 register is set to "0" (no reverse)

Transterciock " | [T
(o revery - \(D0 (D1 )2 | B3 )B4 05 { D6 { D7

(2) When the U2LCH bit in the U2C1 register is set to "1" (reverse)

mransterdosk " [T
TxD2 “H — = —
(reversey v (Do X D1 } D2 X D3 X D4 | D5 { D6 | D7

NOTES:

1. This applies to the case where the CKPOL bit in the U2CO register
is set to "0" (transmit data output at the falling edge and the
receive data taken in at the rising edge of the transfer clock) and
the UFORM bit is set to "0" (LSB first).

Figure 14.13 Serial data logic switch timing

14.1.1.6 Transfer clock output from multiple pins function (UART1)
The CLKMD1 to CLKMDO bits in the UCON register can choose one from two transfer clock output
pins. (See Figure 14.14)This function is valid when the internal clock is selected for UART1.

Microcomputer

TxD1 (P67)

CLKS1 (P64)

CLK1 (P65) IN IN

CLK CLK
Transfer enabled Transfer enabled
when the CLKMDO when the CLKMDO
bit in the UCON bit in the UCON
register is set to "0" register is set to "1"

NOTES:

1. This applies to the case where the CKDIR bit in the ULMRregister is set to "0" (internal clock)
and the CLKMD1 bit in the UCON register is set to "1" (transfer clock output from multiple
pins).

2. This applies to the case where ULMAP bit in PACR register is set to “0” (P67 to P64).

Figure 14.14 Transfer Clock Output From Multiple Pins
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14.1.1.7 CTS/RTS separate function (UARTO)
This function separates CTS0o/RTS0, outputs RTSo from the P60 pin, and accepts as input the CTSo
from the P64 pin or P70 pin. To use this function, set the register bits as shown below.
» The CRD bit in the UOCO register is set to "0" (enables UARTO CTS/RTS)
« The CRS bit in the UOCO register is set to "1" (outputs UARTO RTS)
» The CRD bit in the U1CO register is set to "0" (enables UART1 CTS/RTS)
 The CRS bit in the U1CO register is set to "0" (inputs UART1 CTS)
» The RCSP bit in the UCON register is set to "1" (inputs CTSo from the P64 pin or P70 pin)
* The CLKMD1 bit in the UCON register is set to "0" (CLKS1 not used)
Note that when using the CTS/RTS separate function, UART1 CTS/RTS separate function cannot be

used.
Microcomputer IC
TxDo (P63) B IN
RXDo (P62) & ouT
CLKo (P61) B CLK
RTSo (P60) | CTS
CTSo (P64) |- RTS
NOTES:
1. This applies to the case where the ULMAP bit in the PACR register is set to "0" (P67 to P64).

Figure 14.15 CTS/RTS separate function usage

Rev. 2.00 Jan. 31, 2007 page 182 of 385 RENESAS
REJO9B0047-0200



M16C/28 Group (M16C/28, M16C/28B) 14. Serial I/O

14.1.2 Clock Asynchronous Serial I/0 (UART) Mode

The UART mode allows transmitting and receiving data after setting the desired transfer rate and transfer
data format. Table 14.5 lists the specifications of the UART mode.

Table 14.5 UART Mode Specifications
Item Specification
Transfer data format « Character bit (transfer data): Selectable from 7, 8 or 9 bits
« Start bit: 1 bit
« Parity bit: Selectable from odd, even, or none
« Stop bit: Selectable from 1 or 2 bits
Transfer clock * The CKDIR bit in the UIMR(i=0 to 2) register is set to "0" (internal clock) : fj/ (16(n+1))
fj = f1s10, f2si10, f8sio, f32s10. n: Setting value of UIBRG register 0016 to FF16
* CKDIR bit is set to “1” (external clock ) : fExT/16(n+1)
fEXT: Input from CLKi pin. n :Setting value of UIBRG register 0016 to FF16
Transmission, reception control | « Selectable from CTS function, RTS function or CTS/RTS function disable
Transmission start condition | * Before transmission can start, the following requirements must be met
— The TE bit in the UiC1 register is set to 1 (transmission enabled)
— The Tl bit in the UiC1 register is set to "0" (data present in UiTB register)
— If CTS function is selected, input on the CTSi pin is set to “L”
Reception start condition « Before reception can start, the following requirements must be met"
— The RE bit in the UiC1 register is set to "1" (reception enabled)
— Start bit detection
 For transmission, one of the following conditions can be selected
- The UIIRS bit @ is set to "0" (transmit buffer empty): when transferring data from the
UIiTB register to the UARTI transmit register (at start of transmission)
- The UIIRS bit is set to"1" (transfer completed): when the serial I/O finished sending
data from the UARTI transmit register
 For reception
When transferring data from the UARTI receive register to the UiRB register (at
completion of reception)
Error detection « Overrun error ()
This error occurs if the serial I/O started receiving the next data before reading the
UIRB register and received the bit one before the last stop bit in the the next data
« Framing error
This error occurs when the number of stop bits set is not detected
« Parity error
This error occurs when if parity is enabled, the number of 1's in parity and
character bits does not match the number of 1's set
« Error sum flag
This flag is set to "1" when any of the overrun, framing, and parity errors is encountered

Interrupt request
generation timing

Select function * LSB first, MSB first selection
Whether to start sending/receiving data beginning with bit O or beginning with bit 7
can be selected

« Serial data logic switch (UART2)
This function reverses the logic of the transmit/receive data. The start and stop bits
are not reversed.

* TxD, RxD I/O polarity switch (UART2)
This function reverses the polarities of hte TXD pin output and RxD pin input. The
logic levels of all I/O data is reversed.

« Separate CTS/RTS pins (UARTO)
CTSo and RTSo are input/output from separate pins

* UART1 pin remapping selection
The UARTL pin can be selected from the P67 to P64 or P73 to P70

NOTES:
1. If an overrun error occurs, bits 8 to 0 in UiRB register are undefined. The IR bit in the SiRIC register remains unchanged.
2. The UOIRS and U1IRS bits respectively are the UCON register bits 0 and 1; the U2IRS bit is the U2C1 register bit 4.
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Table 14.6 Registers to Be Used and Settings in UART Mode

Register Bit Function
UiTB 0to 8 Set transmission data ()
UiRB Oto 8 Reception data can be read
OER,FER,PER,SUM| Error flag
UiBRG Oto7 Set a transfer rate
UiIMR SMD2 to SMDO Set these bits to ‘1002’ when transfer data is 7 bits long
Set these bits to ‘1012’ when transfer data is 8 bits long
Set these bits to ‘1102’ when transfer data is 9 bits long
CKDIR Select the internal clock or external clock
STPS Select the stop bit
PRY, PRYE Select whether parity is included and whether odd or even
IOPOL(i=2) ¥ Select the TXD/RxD input/output polarity
uiCco CLKO, CLK1 Select the count source for the UiBRG register
CRS Select CTS or RTS to use
TXEPT Transmit register empty flag
CRD Enable or disable the CTS or RTS function
NCH Select TxDi pin output mode
CKPOL Set to “0”
UFORM LSB first or MSB first can be selected when transfer data is 8 bits long. Set this
bit to “0” when transfer data is 7 or 9 bits long.
UiC1 TE Set this bit to “1” to enable transmission
TI Transmit buffer empty flag
RE Set this bit to “1” to enable reception
RI Reception complete flag
U2IRS @ Select the source of UART2 transmit interrupt
U2RRM (@ Set to “0”
UiLCH ® Set this bit to “1" to use UART?2 inverted data logic
UIiERE () Set to “0”
UiSMR Oto7 Set to “0”
UiSMR2 Oto7 Set to “0”
UiSMR3 0Oto7 Set to “0”
UiSMR4 Oto7 Set to “0”
UCON UOIRS, U1IRS Select the source of UARTO/UARTL1 transmit interrupt
UORRM, U1RRM Set to “0”
CLKMDO Invalid because CLKMDL1 is set to "0"
CLKMD1 Set to “0”
RCSP Set this bit to “1” to accept as input the UARTO CTSo signal from the P64 pin
7 Set to “0”

NOTES:
1. The bits used for transmit/receive data are as follows: Bit O to bit 6 when transfer data is 7 bits long;
bit 0 to bit 7 when transfer data is 8 bits long; bit O to bit 8 when transfer data is 9 bits long.
2. Set the bit 4 to bit 5 in the UOC1 and U1CL1 registers to “0". The UOIRS, U1IRS, UORRM and ULRRM
bits are included in the UCON register.
3. Set the bit 6 to bit 7 in the UOC1 and U1C1 registers to “0".
4. Set the bit 7 in the UOMR and U1MR registers to “0”.
i=0 to 2
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Table 14.7 lists the functions of the input/output pins in UART mode. Table 14.8 lists the P64 pin func-
tions during UART mode. Note that for a period from when the UARTI operation mode is selected to when
transfer starts, the TxDi pin outputs an “H”. (If the N-channel open-drain output is selected, this pinisin a
high-impedance state.)

Table 14.7 1/O Pin Functions in UART mode®

Pin name Function Method of selection
TxDi (i = 0 to 2)| Serial data output (Outputs "H" when performing reception only)
(P63, P67, P70)
RxDi Serial data input PD6_2 bit, PD6_6 bit in the PD6 register and the PD7_1 hit in the PD7 register
(P62, P66, P71) (Can be used as an input port when performing transmission only)
CLKi Input/output port Set the CKDIR bit in the UiMR register to "0"
(P61, P65, P72)| - ] Setthe CKDIR bit in the UiMR registerto"1*
Transfer clock input Set the PD6_1 bit and PD6_5 bit in the PDG6 register to "0", PD7_2 bit in the PD7
register to "0"
~TopTa CTS input Set the CRD bit in the UiCO register to "0"
g;%%l/};gflp?s) Set the CRS bit in the UiCO register to "0"
’ ' Set the PD6_0 bit and PD6_4 bit in the PD6 register to "0", the PD7_3 bit in the
,,,,,,,,,,,,,,,,,,,,,,,,,,, PD7register 0" ..
RTS output Set the CRD bit in the UiCO register to "0"
Set the CRS bit in the UiCO register to "1"
Input/output port Set the CRD bit in the UiCO register "1"

NOTES:
1. When the ULMAP bit in PACR register is set to “1” (P73 to P70), UART1 pin is assgined to P73 to P70.

Table 14.8 P64 Pin Functions in UART mode

Pin function Bit set value
U1CO register UCON register PD6 register
CRD CRS RCSP | CLKMD1 PD6_4
P64 1 — 0 0 Input: 0, Output: 1
CTs1 0 0 0 0 0
RTS1 0 1 0 0 —
CTSo (@ 0 0 1 0 0
NOTES:

1. When the ULMAP bit in PACR register is “1” (P73 to P70), this table lists the P70 functions.
2. In addition to this, set the CRD bit in the UOCO register to “0” (CTS0/RTSo enabled) and the CRS bit
in the UOCO register to “1” (RTSo selected).
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» Example of transmit timing when transfer data is 8-bit long (parity enabled, one stop bit)

The transfer clock stops momentarily as CTSi is “H” when the stop bit is checked.
Tc The transfer clock starts as the transfer starts immediately CTSi changes to “L”".

. /

Transfer clock ||| || |||| || || ||||_|I_I|_|UI_|I_|I_I Lll.ll—lU]_
UiC1 register uqr ;
TE bit J |
g ) . .
UIC1 register Write data to the UiTB register
Tl bit "1 | j r's
o
Transferred from UiTB register to UARTI transmit register
o
CTSi | |
L . Stopped pulsing
Start Parity: Stop because the TE bit
bit bit : bit = Q"
i STAPKLXDKONOXLKOHKOK Y 5 \STAPKONLXOKN XK P ) 5P
UiCO register aqn :
TXEPT bit
“Qr
SiTIC register 1 i
IR bit “Qr |

Cleared to “0” when interrupt request is accepted, or cleared to “0” by program

The above timing diagram applies to the case where the register bits are set Tc=16(n+1)/fjor16 (n+1)/fexT

as follows: fj : frequency of UIBRG count source (f1SI0, f2S10, f8s10, f32S10)
* Set the PRYE bit in the UiIMR register to "1" (parity enabled) fEXT : frequency of UIBRG count source (external clock)
* Set the STPS bit in the UiMR register to "0" (1 stop bit) n - value set to UIBRG
« Set the CRD bit in the UiCO register to "0" (CTS/RTS enabled), i-0to 2

the CRS bit to "0" (CTS selected)
« Set the UiIRS bit to 1" (an interrupt request occurs when transmit completed):
UOIRS bit is the UCON register bit 0, U1IRS bit is the UCON
register bit 1, and U2IRS bit is the U2C1 register bit 4

« Example of transmit timing when transfer data is 9-bit long (parity disabled, two stop bits)
Tc

e
Transfer clock Tuwmwmmmmmmwm

. . “pr
UiC1 register I I_
TE bit “0” Write data to the UiTB register

UiC1 register " i |

TI bit . \
Transferred from UiTB register to UARTI

transmit register

T\ EEEEEEEERF\EREEREREEE \ B

%Tgﬁ register ; ﬁ 4| [
N /

Cleared to “0” when interrupt request is accepted, or cleared to “0” by program

The above timing diagram applies to the case where the register bits are set Tc=16 (n+1)/fjor16 (n+1)/fext

as follows: » ) . o fj : frequency of UIBRG count source (f1SI0, f2S10, f8SI0, f32SI10)
* Set the PRYE bit in the UIMR register to "0" (parity disabled) fEXT : frequency of UIBRG count source (external clock)
* Set the STPS bit in the UiMR register to "1" (2 stop bits) n - value set to UiIBRG

 Set the CRD bit in the UiCO register to "1"(CTS/RTS disabled)
« Set the UIIRS bit to "0" (an interrupt request occurs when transmit buffer

becomes empty):
UOIRS bit is the UCON register bit 0, U1IRS bit is the UCON
register bit 1, and U2IRS bit is the U2C1 register bit 4

i:0to2

Figure 14.16 Typical transmit timing in UART mode (UARTO, UART1)
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source

RE bit

RxDi

RI bit

RTSi

IR bit

i=0to 2

UiBRG count

UiC1 register

UiC1 register

SiRIC register

» Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit)

Sl
o

Transfer clock

Il?ecéption triggered when transfer clock
is generated by falling edge of start bit

Sampled “L”

Stop bit

Receive data taken in

[ S N

Transferred from UARTI receive |

[

Read out from

register to UiRB register \H/ UiRB register

S g4

i
]

vl

Cleared to “0” when interrupt request is accepted, or cleared to “0” by program

The above timing diagram applies to the case where the register bits are set as follows:
* Set the PRYE bit in the UiMR register to "0"(parity disabled)
« Set the STPS bit in the UiMR register to "0" (1 stop bit) o
« Set the CRD bit in the UiCO register to "0" (CTSI/RTSi enabled), the CRS bit to "1" (RTSi selected)

Figure 14.17 Receive Operation

14.1.2.1 Bit Rates
In UART mode, the frequency set by the UIBRG register (i=0 to 2) divided by 16 become the bit rates.
Table 14.9 lists example of bit rate and settings.

Table 14.9 Example of Bit Rates and Settings

Bit Rate |Count Source | Peripheral Function Clock : 16MHz | Peripheral Function Clock : 20MHz
(bps) of BRG Set Value of BRG : n |Actual Time (bps) | Set Value of BRG : n | Actual Time (bps)
1200 f8 103(67h) 1202 129(81h) 1202
2400 f8 51(33h) 2404 64(40h) 2404
4800 f8 25(19h) 4808 32(20h) 4735
9600 fl 103(67h) 9615 129(81h) 9615
14400 f1 68(44h) 14493 86(56h) 14368
19200 fl 51(33h) 19231 64(40h) 19231
28800 f1 34(22h) 28571 42(2Ah) 29070
31250 fl 31(1Fh) 31250 39(27h) 31250
38400 f1 25(19h) 38462 32(20h) 37879
51200 fl 19(13h) 50000 24(18h) 50000
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14.1.2.2 Counter Measure for Communication Error
If a communication error occurs while transmitting or receiving in UART mode, follow the procedure
below.
* Resetting the UiRB register (i=0 to 2)
(1) Set the RE bit in the UiC1 register to “0” (reception disabled)
(2) Set the RE bit in the UiC1 register to “1” (reception enabled)

* Resetting the UIiTB register (i=0 to 2)

(1) Set the SMD2 to SMDO bits in UiIMR register “0002” (Serial I/O disabled)

(2) Set the SMD2 to SMDO bits in UIMR register “0012", “1012", “1102”

(3) “1” is written to TE bit in the UiC1 register (reception enabled), regardless of the TE bit

14.1.2.3 LSB First/MSB First Select Function
As shown in Figure 14.18, use the UFORM bit in the UiCO register to select the transfer format. This
function is valid when transfer data is 8 bits long.

(1) When the UFORM bit in the UiCO register is set to "0" (LSB first)

e L) L)L L L L
TXDi ST A Do X D1 X D2 X D3 X Da X Ds X D6 X D7 X P Y sp
RXDi sT A po X b1 X D2 X D3 X Da X D5 X Ds X D7 X P ) spP

(2) When the UFORM bit in the UiCO register is set to "1" (MSB first)

™0i  \.ST A D7 X D6 X D5 X Da X D3 X D2 X D1 X Do X P Y sP
RxDi A\ ST A b7 X D6 X D5 X Da X D3 X D2 X D1 X Do X P Y sP

ST : Start bit
P : Parity bit
SP : Stop bit
i=0to2

NOTES:

1. This applies to the case where the CKPOL bit in the UiCO register is set to "0" (transmit data output at the
falling edge and the receive data taken in at the rising edge of the transfer clock), the UiLCH bit in the UiC1
register is set to "0" (no reverse), the STPS bit in the UiMR register is set to "0" (1 stop bit) and the PRYE bit
in the UIMR register is set to "1" (parity enabled).

Figure 14.18 Transfer Format

Rev. 2.00 Jan. 31, 2007 page 188 of 385 RENESAS
REJO9B0047-0200



M16C/28 Group (M16C/28, M16C/28B) 14. Serial I/O

14.1.2.4 Serial Data Logic Switching Function (UART2)

The data written to the U2TB register has its logic reversed before being transmitted. Similarly, the

received data has its logic reversed when read from the U2RB register. Figure 14.19 shows serial
data logic.

(1) When the U2LCH bit in the U2C1 register is set to "0" (no reverse)

Transfer clock Hl | | | | | | | | | | | | | | | |

(nore\lz)rg ': \ st [po b1 p2)p3)pa) s o6 D7) P Ysp

(2) When the U2LCH bit in the U2C1 register is set "1" (reverse)

Transfer clock
ST L L L g
oy . \ st (50 )51 )5z D= \ D4 | D5 | o6 [ o7 [ P ) sp
NOTES:

ST : Start bit
1. This applies to the case where the CKPOL bit in the U2CO register P : Parity bit

is set to "0" (transmit data output at the falling edge of the transfer SP : Stop bit
clock), the UFORM bit in the U2CO register is set to "0" (LSB first),

the STPS bit in the U2MR register is set to "0" (1 stop bit) and the

PRYE bit in the U2MR register is set to "1" (parity enabled).

Figure 14.19 Serial Data Logic Switching

14.1.2.5 TxD and RxD I/O Polarity Inverse Function (UART2)
This function inverses the polarities of the TxD2 pin output and RxD2 pin input. The logic levels of all

input/output data (including the start, stop and parity bits) are inversed. Figure 14.20 shows the TxD
pin output and RxD pin input polarity inverse.

(1) When the IOPOL bit in the U2MR register is set to "0" (no reverse)
Transfer clock ': | | | [ | [ [ ] [ L] [ L]

TXD2 '

(no reverse) L \ ST I( DOX D1 X D2 X D3X D4X D5 X D6X D7 X P y SP
RxD2 “H" ST DO D1 D2 D3 Y D4 )Y D5 D6 D7 P SP
S N o S (0 (e 20 o () 0

(2) When the IOPOL bit in the U2MR register is set to "1" (reverse)
Transfer clock H | | | | | | | | | | | | | | | |

(oo [ ST (DO (DT |7 \ B3 DA | D5 [ D6 [ BT | P ) sP
(m%ﬁ“ [ ST\ D0 ) DI \ D2 | D3 ) D4 ) D5)D6)D7) P ) SP
NOTES:

ST: St_art b_it
1. This applies to the case where the UFORM bit in the U2CO register P : Parity bit

is set to "0"(LSB first), the STPS bit in the U2MR register is setto "0 SP - Stop bit
" (1 stop bit) and the PRYE bit in the U2MR register is set to "1"(
parity enabled).

Figure 14.20 TxD and RxD /O Polarity Inverse
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14.1.2.6 CTS/RTS Separate Function (UARTO)
This function separates CTSo/RTSo, outputs RTSo from the P60 pin, and accepts as input the CTSo
from the P64 pin or P70 pin. To use this function, set the register bits as shown below.
» The CRD bit in the UOCO register is set to "0" (enables UARTO CTS/RTS)
» The CRS bit in the UOCO register is set to "1" (outputs UARTO RTS)
» The CRD bit in the U1CO register is set to "0" (enables UART1 CTS/RTS)
+ The CRS bit in the U1CO register is set to "0" (inputs UART1 CTS)
« The RCSP bhit in the UCON register is set to "1" (inputs CTSo from the P64 pin or P70 pin)
» The CLKMD1 bit in the UCON register is set to "0" (CLKS1 not used)
Note that when using the CTS/RTS separate function, UART1 CTS/RTS separate function cannot be

used.
Microcomputer IC
TxDo (P63) B IN
RXDo (P62) [ ouT
RTSo (P60) | CTS
CTSo (P64) |- RTS
NOTES:
1. This applies to the case where the ULMAP bit in the PACR register is set to "0" (P67 to P64).

Figure 14.21 CTS/RTS Separate Function
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14.1.3 Special Mode 1 (1°C bus mode)(UART2)

I2C bus mode is provided for use as a simplified 12C interface compatible mode. Table 14.10 lists the
specifications of the 12C bus mode. Tables 14.11 and 14.12 list the registers used in the 12C bus mode
and the register values set. Table 14.13 lists the 12C bus mode functions. Figure 14.22 shows the block
diagram for 12C bus mode. Figure 14.23 shows SCL2 timing.

As shown in Table 14.13, the microcomputer is placed in 12C bus mode by setting the SMD2 to SMDO bits
to ‘0102’ and the IICM bit to “1”. Because SDA2 transmit output has a delay circuit attached, SDA output
does not change state until SCL2 goes low and remains stably low.

Table 14.10 12C bus Mode Specifications

Item Specification
Transfer data format « Transfer data length: 8 bits
Transfer clock  During master

the CKDIR bit in the U2MR register is set to “0” (internal clock) : fj/ (2(n+1))
fj = f1s10, f2sI10, f8slo, f32s10. n: Setting value in the U2BRG register 0016 to FF16
* During slave
CKDIR bit is set to “1” (external clock ) : Input from SCL2 pin
Transmission start condition | « Before transmission can start, the following requirements must be met (1)
— The TE bit in the U2C1 register is set to "1" (transmission enabled)
— The TI bit in the U2C1 register is set to "0" (data present in U2TB register)
Reception start condition « Before reception can start, the following requirements must be met (1)
- The RE bit in the U2C1 register is set to "1" (reception enabled)
—The TE bit in the U2C1 register is set to "1" (transmission enabled)
— The TI bit in the U2C1 register is set to "0" (data present in the UiTB register)

Interrupt request When start or stop condition is detected, acknowledge undetected, and acknowledge
generation timing detected
Error detection « Overrun error (@)

This error occurs if the serial I/O started receiving the next data before reading the
U2RB register and received the 8th bit in the the next data
Select function * Arbitration lost
Timing at which the ABT bit in the U2RB register is updated can be selected
« SDA digital delay
No digital delay or a delay of 2 to 8 U2BRG count source clock cycles selectable
* Clock phase setting
With or without clock delay selectable

NOTES:
1. When an external clock is selected, the conditions must be met while the external clock is in the high state.

2. If an overrun error occurs, bits 8 to 0 in U2RB register are undefined. The IR bit in the U2RIC register remains
unchanged.
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M16C/28 Group (M16C/28, M16C/28B)

Start and stop condition generation block
SDA2 O+ STSPSEL=1 —————— DMAO, DMAL1 request
_ SDAsTsP (UART1: DMAO only)
—[SCLsTsP
— licm2=1
Tfa_ﬂSfT"SSIOH UART2 transmit,
| register 0 NACK interrupt
UART2 lICM=1 and request
1ICM2=0
ALS
. . > DMAO
. Arbitration (UARTO, UART?)
> Noise
Filter
licmM2=1 )
Reception register| i UART2 receive,
UART2 ° ACK interrupt request,
IICM=1 and DMAL request
Start condition ICM2=0
detection L
BUS
R busy
Stop condition [ NACK
detection
D
: T
—ldetecion
SCL2 D
IICM=0 R | Port register il ACK
1/0 port Q 1) 9th bit
STSPSEL=0 Internal clock
£ o swez| | ok Startls_top‘condition
ICM=1UART2| o1 spseL=1| External control detection interrupt
Noise clock request
Filter UART2
This diagram applies to the case where the SMD2 to SMDO bits in the UiMR register is set to "0102" and the IICM bit in the UiISMR
register is set to "1".
1ICM : Bits in the UiSMR register
IICM2, SWC, ALS, SWC2, SDHI : Bits in the UiSMR2 register
STSPSEL, ACKD, ACKC : Bits in the UiISMRA4 register
NOTES:
1. If the IICM bit is set to "1", the pin can be read even when the PD7_1 bit is set to "1" (output mode).

Figure 14.22 12C bus Mode Block Diagram
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Table 14.11 Registers to Be Used and Settings in 12C bus mode (1) (Continued)

Register Bit Function
Master Slave
u2TB Oto7 Set transmission data Set transmission data
U2RBM [0 to 7 Reception data can be read Reception data can be read
8 ACK or NACK is set in this bit ACK or NACK is set in this bit
ABT Arbitration lost detection flag Invalid
OER Overrun error flag Overrun error flag
U2BRG [0to 7 Set a transfer rate Invalid
U2MRW[SMD2 to SMDO | Set to ‘0102’ Set to ‘0102’
CKDIR Set to “0” Set to “1”
IOPOL Set to “0” Set to “0”
uU2co CLK1, CLKO Select the count source for the U2BRG Invalid
register
CRS Invalid because CRD =1 Invalid because CRD =1
TXEPT Transmit buffer empty flag Transmit buffer empty flag
CRD Setto “1” Set to “1”
NCH Set to “1” Set to “1”
CKPOL Set to “0” Set to “0”
UFORM Set to “1” Set to “1”
u2C1 |TE Set this bit to “1” to enable transmission | Set this bit to “1” to enable transmission
Tl Transmit buffer empty flag Transmit buffer empty flag
RE Set this bit to “1” to enable reception Set this bit to “1” to enable reception
RI Reception complete flag Reception complete flag
U2IRS Invalid Invalid
U2RRM, Set to “0” Set to “0”
U2LCH, U2ERE
U2SMR [ IICM Set to “1” Set to “1”
ABC Select the timing at which arbitration-lost| Invalid
is detected
BBS Bus busy flag Bus busy flag
3to7 Set to “0” Set to “0”
U2SMR2[ 1ICM2 Refer to Table 14.13 Refer to Table 14.13
CscC Set this bit to “1” to enable clock Set to “0”
synchronization
SwcC Set this bit to “1” to have SCL2 output Set this bit to “1” to have SCL2 output
fixed to “L” at the falling edge of the 9th | fixed to “L” at the falling edge of the 9t
bit of clock bit of clock
ALS Set this bit to “1” to have SDA2 output Set to “0”
stopped when arbitration-lost is detected
STAC Set to “0” Set this bit to “1” to initialize UART2 at
start condition detection
SWC2 Set this bit to “1” to have SCL2 output Set this bit to “1” to have SCL2 output
forcibly pulled low forcibly pulled low
SDHI Set this bit to “1” to disable SDA2 output | Set this bit to “1” to disable SDA2 output
7 Set to “0” Set to “0”
U2SMR3 0, 2, 4 and NODC| Setto “0” Set to “0”
CKPH Refer to Table 14.13 Refer to Table 14.13
DL2 to DLO Set the amount of SDA2 digital delay Set the amount of SDA2 digital delay
NOTES:

1. Not all bits in the register are described above. Set those bits to “0” when writing to the registers in I2C bus mode.
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Table 14.12 Registers to Be Used and Settings in 12C bus Mode (2) (Continued)

Register Bit Function
Master Slave
U2SMR4| STAREQ Set this bit to “1” to generate start Set to “0”
condition
RSTAREQ Set this bit to “1” to generate restart Set to “0”
condition
STPREQ Set this bit to “1” to generate stop Set to “0”
condition
STSPSEL Set this bit to “1” to output each condition Set to “0”
ACKD Select ACK or NACK Select ACK or NACK
ACKC Set this bit to “1” to output ACK data Set this bit to “1” to output ACK data
SCLHI Set this bit to “1” to have SCL2 output Set to “0”
stopped when stop condition is detected
SWC9 Set to “0” Set this bit to “1” to set the SCL2 to “L”
hold at the falling edge of the 9th bit of
clock
NOTES:

1: Not all bits in the register are described above. Set those bits to “0” when writing to the registers in 12C bus mode.
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Table 14.13 12C bus Mode Functions

Function Clock synchronous serial I/0 12C bus mode (SMD2 to SMDO = 0102, IICM = 1)
mode (SMD2 to SMDO = 0012, [ jcm2 =0 lICM2 = 1
lICM = 0) (NACK/ACK interrupt) (UART transmit/ receive interrupt)
CKPH=0 CKPH=1 CKPH=0 CKPH=1
(No clock delay)|(Clock delay)| (No clock delay) (Clock delay)
Factor of interrupt number | ——— Start condition detection or stop condition detection
10 @ (Refer to Fig.14.23) (Refer to Table 14.14)
Factor of interrupt number |UART2 transmission No acknowledgment UART2 transmission [UART2 transmission
15 @ (Refer to Fig.14.23) |Transmission started or detection (NACK) Rising edge of Falling edge of SCL2
completed (selected by U2IRS) | Rising edge of SCL2 9th bit  [SCL2 9th bit next to the 9th bit
Factor of interrupt number |UART2 reception Acknowledgment detection | UART2 transmission
16 O (Refer to Fig.14.23) |When 8th bit received (ACK) Falling edge of SCL2 9th bit
CKPOL = 0 (rising edge) Rising edge of SCL2 9th bit
CKPOL =1 (falling edge)
Timing for transferring datalCKPOL = 0 (rising edge) Rising edge of SCL2 9th bit | Falling edge of Falling and rising
from the UART reception |CKPOL = 1 (falling edge) SCL2 9th bit edges of SCL2 9th
shift register to the U2RB bit
register
UART2 transmission Not delayed Delayed
output delay
Functions of P70 pin TxD2 output SDA2 input/output
Functions of P71 pin RxD2 input SCL2 input/output
Functions of P72 pin CLK2 input or output selected (Cannot be used in I2C bus mode)
Noise filter width 15 ns 200 s
Read RxD2 and SCL2 pin |Possible when the Always possible no matter how the corresponding port direction bit is set
levels corresponding port direction bit
Initial value of TxD2 and CKPOL =0 (H) The value set in the port register before setting 12C bus mode @
SDA?2 outputs CKPOL =1 (L)
Initial and end values of _— H L H L
SCL2
DMAL factor (Refer to Fig. |UART2 reception Acknowledgment detection UART2 reception
14.23) (ACK) Falling edge of SCL2 9th bit
Store received data 1st to 8th bits are stored in 1st to 8th bits are stored in 1st to 7th bits are stored into the bit 6 to
the bit 7 to bit 0 in the U2RB the bit 7 to bit 0 in the U2RB  [bit O in the U2RB register, with 8th bit
register register stored in the bit 8 in the U2RB register
1st to 8th bits are
stored in U2RB
register bit 7 to bit 0
(©)
Read received data U2RB register status is read Read U2RB register
directly as is Bit 6 to bit O as bit 7
to bit 1, and bit 8 as
bit 0 )
NOTES:

1. If the source or cause of any interrupt is changed, the IR bit in the interrupt control register for the changed interrupt
may inadvertently be set to "1" (interrupt requested). (Refer to “Notes on interrupts” in Precautions.)
If one of the bits shown below is changed, the interrupt source, the interrupt timing, etc. change. Therefore,
always be sure to clear the IR bit to "0" (interrupt not requested) after'changing those bits
SMD2-the SMDO bits in the U2MR register, the IICM bit in the U2SMR register,
the IICM2 bit in the U2SMR2 register, the CKPH bit in the U2SMR3 register
2. Set the initial value of SDA2 output while the SMD2 to SMDO bits in the U2MR register is set to "0002" (serial I/O
disabled).
3. Second data transfer to U2RB register (Rising edge of SCL2 9th bit)
4. First data transfer to U2RB register (Falling edge of SCL2 9th bit)
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(1) When the 1ICM2 bit is set to "0" (ACK or NACK interrupt) and the CKPH bit is set to "0" (No clock delay)
1st 2nd 3rd 4th 5th 6th 7th 8th oth
bit bit bit bit bit bit bit bit bit

SCL2

spaz X D7 X Ds X Ds X Da X D3 X D2 X D1 X Do XDs(ACK or NACK)
f

ACK interrupt (DMA
request) or NACK interrupt

? b15 b9 b8 b7 b0
Data is transferred to the U2RB register [ ] [ _[D8[D7[D6|Ds[D4]D3[D2[ D1[Do]

Contents of the U2RB register

(2) When the IICM2 bit is set to "0" and the CKPH bit is set to "1" (clock delay)

1st 2nd 3rd 4th 5th 6th 7th 8th 9th
bit bit bit bit bit bit bit bit bit

SCE 3 [ s
spaz X D7 X Ds X Ds X Da X D3} D2 )X D1 X Do X Ds(ACK or NACK)
t

ACK interrupt (DMA
request) or NACK interrupt

bis b9 b8 b7 bo
Data is transferred to the U2RB register[ |- [ [Ds[D7[De[D5[D4[D3[D2[D1]Do]

Contents of the U2RB register

(3) When the IICM2 bit is set to "1" (UART transmit or receive interrupt) and the CKPH bit is set to "0"

1st 2nd 3rd 4th 5th 6th 7th 8th 9th
bit bit bit bit bit bit bit bit bit

sez | L] L] L)L
spaz X D7 X De X Ds X Da X Ds X Dz X D1 X Do XDs(ACK or NACK)
4

Receive interrupt  Transmit interrupt
(DMA request)

f b1s b9 b8 b7 b0
Data is transferred to the U2RB register [ ] [ o[ - [o7]De[Ds[D4[D3[D2] DY

Contents of the U2RB register

(4) When the [ICM2 bit is set to "1" and the CKPH bit is set to "1"

1st 2nd 3rd 4th 5th 6th 7th 8th 9th
bit bit bit bit bit bit bit bit bit

S T
spa2 X D7 X De X Ds X Da X D3 X D2 X D1 X Do X Ds(ACK or NACK)
Pyt

Receive interrupt Transmit interrupt
(DMA request)

f

Data is transferred to the U2RB register Data is transferred to the U2RB register

b15 b9 b8 b7 bo b15

b9 b8 b7 bo
[ ][ ]oo —[D7]De[Ds[D4]D3[D2[D1] [ |- [ [D8[D7]D6][Ds[D4]D3]D2]D1[Do]
Contents of the U2RB register Contents of the U2RB register

The above timing applies to the following setting :
« The CKDIR bit in the U2MR register is set to "1" (slave)

Figure 14.23 Transfer to U2RB Register and Interrupt Timing
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14.1.3.1 Detection of Start and Stop Condition
Whether a start or a stop condition has been detected is determined.
A start condition-detected interrupt request is generated when the SDA2 pin changes state from high
to low while the SCL2 pin is in the high state. A stop condition-detected interrupt request is generated
when the SDA2 pin changes state from low to high while the SCL2 pin is in the high state.
Because the start and stop condition-detected interrupts share the interrupt control register and vec-
tor, check the U2SMR register’'s BBS bit to determine which interrupt source is requesting the inter-
rupt.

3 to 6 cycles < setup time (1)
3 to 6 cycles < hold time (1)

1 Setup time Hold time

SCL2

SDA2
(Start condition)

SDA2
(Stop condition)

NOTES:
1. When the PCLKZ1 bit in the PCLKR register is set to "1", the cycles indicates
the f1SIO's generation frequency cycles; when PCLK1 bit is set to "0", the
cycles indicated the f2SI0's generation frequency cycles.

Figure 14.24 Detection of Start and Stop Condition

14.1.3.2 Output of Start and Stop Condition
A start condition is generated by setting the STAREQ bit in the U2SMR4 register to “1” (start).
A restart condition is generated by setting the RSTAREQ bit in the U2SMR4 register to “1” (start).
A stop condition is generated by setting the STPREQ bit in the U2SMRA4 register to “1” (start).
The output procedure is described below.
(1) Set the STAREQ bit, RSTAREQ bit or STPREQ bit to “1” (start).
(2) Set the STSPSEL bit in the U2SMR4 register to “1” (output).
Make sure that no interrupts or DMA transfers will occur between (1) and (2).
The function of the STSPSEL bit is shown in Table 14.14 and Figure 14.25.

Rev. 2.00 Jan. 31,2007 page 197 of 385 RENESAS
REJ09B0047-0200



M16C/28 Group (M16C/28, M16C/28B)

14. Serial 1/10

Table 14.14 STSPSEL Bit Functions

Function

STSPSEL =0

STSPSEL =1

Output of SCL2 and SDA2 pins

Output transfer clock and data/
Program with a port determines
how the start condition or stop
condition is output

The STAREQ, RSTAREQ and
STPREQ bit determine how the
start condition or stop condition is
output

Start/stop condition interrupt

Start/stop condition are detec-

Start/stop condition generation

request generation timing ted are completed

(2) In slave mode,
CKDIR is set to "1" (external clock)

STPSEL bit 0

1st 2nd 3rd 4t 5th  6th 7th 8th 9th bit

SCL2

SDA2

f

Start condition detection

: Stop condition detection
interrupt

interrupt

(2) In master mode,
CKDIR is set to "0" (internal clock), CKPH is set to "1"(clock delayed)

STPSEL bit |
Setto"1"by  Setto "0" by Setto"1"by  Setto "0" by
program program program program
1st 9th bi
SCL2
SDA2

Set SiAREQ /

to "1" (start) Set STPREQ

Stop condition detection
to "1" (start)

interrupt

Start condition detection
interrupt

Figure 14.25 STSPSEL Bit Functions

14.1.3.3 Arbitration

Unmatching of the transmit data and SDA2 pin input data is checked synchronously with the rising
edge of SCL2. Use the ABC bit in the U2SMR register to select the timing at which the ABT bit in the
U2RB register is updated. If the ABC bit is set to "0" (updated bitwise), the ABT bit is set to “1” at the
same time unmatching is detected during check, and is cleared to “0” when not detected. In cases
when the ABC bit is set to “1”, if unmatching is detected even once during check, the ABT bit is set to
“1” (unmatching detected) at the falling edge of the clock pulse of 9th bit. If the ABT bit needs to be
updated bytewise, clear the ABT bit to “0” (undetected) after detecting acknowledge in the first byte,
before transferring the next byte.

Setting the ALS bit in the U2SMR2 register to “1” (SDA2 output stop enabled) causes arbitration-lost to
occur, in which case the SDA2 pin is placed in the high-impedance state at the same time the ABT bit
is set to “1” (unmatching detected).
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14.1.3.4 Transfer Clock
Data is transmitted/received using a transfer clock like the one shown in Figure 14.25.
The CSC bit in the U2SMR2 register is used to synchronize the internally generated clock (internal
SCL2) and an external clock supplied to the SCL2 pin. In cases when the CSC bit is set to “1” (clock
synchronization enabled), if a falling edge on the SCL2 pin is detected while the internal SCL2 is high,
the internal SCL2 goes low, at which time the U2BRG register value is reloaded with and starts count-
ing in the low-level interval. If the internal SCL2 changes state from low to high while the SCL2 pin is
low, counting stops, and when the SCL2 pin goes high, counting restarts.
In this way, the UART2 transfer clock is comprised of the logical product of the internal SCL2 and SCL2
pin signal. The transfer clock works from a half period before the falling edge of the internal SCL2 1st
bit to the rising edge of the 9t bit. To use this function, select an internal clock for the transfer clock.
The SWC bit in the U2SMR2 register allows to select whether the SCL2 pin should be fixed to or freed
from low-level output at the falling edge of the 9th clock pulse.
If the SCLHI bit in the U2SMRA4 register is set to “1” (enabled), SCL2 output is turned off (placed in the
high-impedance state) when a stop condition is detected.
Setting the SWC2 bit in the U2SMR2 register is set to "1" (0 output) makes it possible to forcibly output
a low-level signal from the SCL2 pin even while sending or receiving data. Clearing the SWC2 bit to “0”
(transfer clock) allows the transfer clock to be output from or supplied to the SCL2 pin, instead of
outputting a low-level signal.
If the SWC9 bit in the U2SMRA4 register is set to “1” (SCL2 hold low enabled) when the CKPH bit in the
U2SMR3 register is set to "1", the SCL2 pin is fixed to low-level output at the falling edge of the clock
pulse next to the ninth. Setting the SWC9 bit to "0" (SCL2 hold low disabled) frees the SCL2 pin from
low-level output.

14.1.3.5 SDA Output
The data written to the bit 7 to bit 0 (D7 to Do) in the U2TB register is sequentially output beginning
with D7. The ninth bit (D8) is ACK or NACK.
The initial value of SDA2 transmit output can only be set when IICM is set to "1" (I2C bus mode) and
the SMD2 to SMDO bits in the U2MR register is set to "0002" (serial I/O disabled).
The DL2 to DLO bits in the U2SMR3 register allow to add no delays or a delay of 2 to 8 U2BRG count
source clock cycles to SDA2 output.
Setting the SDHI bit in the U2SMR2 register to "1" (SDA2 output disabled) forcibly places the SDA2 pin
in the high-impedance state. Do not write to the SDHI bit synchronously with the rising edge of the
UART2 transfer clock. This is because the ABT bit may inadvertently be set to “1” (detected).

14.1.3.6 SDA Input

When the IICM2 bit is set to "0", the 1st to 8th bits (D7 to Do) in the received data are stored in the bit
7 to bit 0 in the U2RB register. The 9th bit (D8) is ACK or NACK.

When the IICM2 bit is set to "1", the 1st to 7th bits (D7 to D1) in the received data are stored in the bit
6 to bit 0 in the U2RB register and the 8th bit (Do) is stored in the bit 8 in the U2RB register. Even when
the IICM2 bit is set to "1", providing the CKPH bit is set to "1", the same data as when the IICM2 bit is
set to "0" can be read out by reading the U2RB register after the rising edge of the corresponding clock
pulse of 9th bit.
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14.1.3.7 ACK and NACK
If the STSPSEL bit in the U2SMR4 register is set to “0” (start and stop conditions not generated) and
the ACKC bit in the U2SMRA4 register is set to “1” (ACK data output), the value of the ACKD bit in the
U2SMR4 register is output from the SDA2 pin.
If the IICM2 bit is set to "0", a NACK interrupt request is generated if the SDA2 pin remains high at the
rising edge of the 9th bit of transmit clock pulse. An ACK interrupt request is generated if the SDA2 pin
is low at the rising edge of the 9th bit of transmit clock pulse.
If ACK2 is selected for the cause of DMAL request, a DMA transfer can be activated by detection of an
acknowledge.

14.1.3.8 Initialization of Transmission/Reception

If a start condition is detected while the STAC bit is set to "1" (UART?2 initialization enabled), the serial

I/O operates as described below.

- The transmit shift register is initialized, and the content of the U2TB register is transferred to the
transmit shift register. In this way, the serial I/O starts sending data synchronously with the next clock
pulse applied. However, the UART2 output value does not change state and remains the same as
when a start condition was detected until the first bit in the data is output synchronously with the input
clock.

- The receive shift register is initialized, and the serial I/O starts receiving data synchronously with the
next clock pulse applied.

- The SWC bit is set to “1” (SCL2 wait output enabled). Consequently, the SCL2 pin is pulled low at the
falling edge of the ninth clock pulse.

Note that when UART2 transmission/reception is started using this function, the Tl does not change

state. Note also that when using this function, the selected transfer clock should be an external clock.
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14.1.4 Special Mode 2 (UART?2)

Multiple slaves can be serially communicated from one master. Transfer clock polarity and phase are
selectable. Table 14.15 lists the specifications of Special Mode 2. Table 14.16 lists the registers used in
Special Mode 2 and the register values set. Figure 14.26 shows communication control example for
Special Mode 2.

Table 14.15 Special Mode 2 Specifications

Item Specification
Transfer data format « Transfer data length: 8 bits
Transfer clock * Master mode

the CKDIR bit in the U2MR register is set to “0” (internal clock) : fi/ (2(n+1))

fj = f1si0, f2s10, f8si0, f32s10. n: Setting value in the U2BRG register 0016 to FF16

 Slave mode

CKDIR bit is set to “1” (external clock selected) : Input from CLK2 pin

Transmit/receive control Controlled by input/output ports

Transmission start condition | * Before transmission can start, the following requirements must be met (1)

— The TE bit in the U2C1 register is set to "1" (transmission enabled)

—The Tl bit in the U2C1 register is set to "0" (data present in U2TB register)

Reception start condition - Before reception can start, the following requirements must be met ()

- The RE bit in the U2C1 register is set to "1" (reception enabled)

— The TE bit in the U2C1 register is set to "1" (transmission enabled)

—The Tl bit in the U2C1 register is set to "0" (data present in the U2TB register)

Interrupt request « For transmission, one of the following conditions can be selected

generation timing — The U2IRS bit in the U2C1 register is set to "0" (transmit buffer empty): when trans
ferring data from the U2TB register to the UART2 transmit register (at start of transmission)

—The U2IRS bit is set to "1" (transfer completed): when the serial I/O finished sending
data from the UART?2 transmit register

« For reception

When transferring data from the UART2 receive register to the U2RB register (at
completion of reception)

Error detection « Overrun error (2)

This error occurs if the serial I/O started receiving the next data before reading the

U2RB register and received the 7th bit in the the next data

Select function « Clock phase setting

Selectable from four combinations of transfer clock polarities and phases

NOTES:

1. When an external clock is selected, the conditions must be met while if the CKPOL bit in the U2CO register is
set to “0” (transmit data output at the falling edge and the receive data taken in at the rising edge of the transfer
clock), the external clock is in the high state; if the CKPOL bit in the U2CO register is set to “1” (transmit data
output at the rising edge and the receive data taken in at the falling edge of the transfer clock), the external
clock is in the low state.

2. If an overrun error occurs, bits 8 to 0 in the U2RB register are undefined. The IR bit in the S2RIC register
remains unchanged.
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P13
P12

P93

P72(CLKz2) P72(CLKz2)
P71(RxD2)}— P71(RxD2)
P70(TxDz2) P70(TxD2)
Microcomputer Microcomputer
(Master) (Slave)
P93
P72(CLK2)
P71(RxD2)
P70(TxDz2)

Microcomputer
(Slave)

Figure 14.26 Serial Bus Communication Control Example (UART2)

Table 14.16 Registers to Be Used and Settings in Special Mode 2

Register Bit Function
u2tB@ [ 0to7 Set transmission data
U2RBD [ 0to7 Reception data can be read
OER Overrun error flag
U2BRG Oto7 Set a transfer rate
U2MR@ | SMD2 to SMDO Set to ‘0012’
CKDIR Set this bit to “0” for master mode or “1” for slave mode
IOPOL Set to “0”
uU2co CLK1, CLKO Select the count source for the U2BRG register
CRS Invalid because CRD is set" "to 1
TXEPT Transmit register empty flag
CRD Set to “1”
NCH Select TxD2 pin output format
CKPOL Clock phases can be set in combination with the CKPH bit in the U2SMR3 register
UFORM Select the LSB first or MSB first
u2C1 TE Set this bit to “1” to enable transmission
TI Transmit buffer empty flag
RE Set this bit to “1” to enable reception
RI Reception complete flag
U2IRS Select UART2 transmit interrupt cause
U2RRM, Set to “0”
U2LCH, U2ERE
U2SMR Oto7 Set to “0”
U2SMR2 | Oto 7 Set to “0”
U2SMR3 | CKPH Clock phases can be set in combination with the CKPOL bit in the U2CO register
NODC Set to “0”
0,2,4t07 Set to “0”
U2SMR4 | Oto 7 Set to “0”
NOTES:

1.Not all bits in the registers are described above. Set those bits to “0” when writing to the registers in Special Mode 2.
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14.1.4.1 Clock Phase Setting Function
One of four combinations of transfer clock phases and polarities can be selected using the CKPH bit
in the U2SMR3 register and the CKPOL bit in the U2CO register.
Make sure the transfer clock polarity and phase are the same for the master and slave to communi-
cate.

14.1.4.1.1 Master (Internal Clock)
Figure 14.27 shows the transmission and reception timing in master (internal clock).

14.1.4.1.2 Slave (External Clock)
Figure 14.28 shows the transmission and reception timing (CKPH="0") in slave (external clock) while
Figure 14.29 shows the transmission and reception timing (CKPH="1") in slave (external clock).

Clock output
(CKPOL=0, CKPH=0) "L"

Clock output "H
(CKPOL=1, CKPH=0) "

Clock output e I S R A R S B
(CKPOL=0, CKPH=1) » L L L L L _—|_

T

Clock output
(CKPOL=1, CKPH=1) "L"

Data output timing ':_X DOX DlX DZX D3X D4X D5X DGX D7
Data input timing T T T T T T T T

Figure 14.27 Transmission and Reception Timing in Master Mode (Internal Clock)

|
|
|
|
|
|
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Slave control input

Clock Inpu - Uy oer
(CKPOL=0, CKPH=0) "L"

ok it oy
(CKPOL=1, CKPH=0) "L"

Data output timing ~ "H" _<:_>< DOX DlX D2X D3X D4X Ds X Ds X D7 )—
Data input timing Indeterminate T T T T T T T T

(ol s

=

-

Figure 14.28 Transmission and Reception Timing (CKPH="0") in Slave Mode (External Clock)

Slave control input e |
(CKPOL=0, CKPH=1) "L"
(CKPOL=1, CKPH=1) "
o e
Data output timing - _( Do XDl XDZ XD3 XD4 XDs XDe XD? >_
Data input timing T T T T T T T T

Figure 14.29 Transmission and Reception Timing (CKPH="1") in Slave Mode (External Clock)
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14.1.5 Special Mode 3 (IEBus mode)(UART?2)

In this mode, one bit in the IEBus is approximated with one byte of UART mode waveform.

Table 14.17 lists the registers used in IEBus mode and the register values set. Figure 14.30 shows the

functions of bus collision detect function related bits.

If the TxD2 pin output level and RxD2 pin input level do not match, a UART2 bus collision detect interrupt

request is generated.

Table 14.17 Registers to Be Used and Settings in IEBus Mode

REJ09B0047-0200

Register Bit Function

u2TB 0to8 Set transmission data

U2rRB® | 0to 8 Reception data can be read
OER,FER,PER,SUM | Error flag

U2BRG Oto7 Set a transfer rate

U2MR SMD2 to SMDO Set to ‘1102’
CKDIR Select the internal clock or external clock
STPS Set to “0”
PRY Invalid because PRYE is set to "0"
PRYE Set to “0”
I0POL Select the TxD/RxD input/output polarity

u2Co CLK1, CLKO Select the count source for the U2BRG register
CRS Invalid because CRDis set to "1"
TXEPT Transmit register empty flag
CRD Set to “1”
NCH Select TxD2 pin output mode
CKPOL Set to “0”
UFORM Set to “0”

u2C1 TE Set this bit to “1” to enable transmission
TI Transmit buffer empty flag
RE Set this bit to “1” to enable reception
RI Reception complete flag
U2IRS Select the source of UART2 transmit interrupt
U2RRM, Set to “0”
U2LCH, U2ERE

U2SMR 0to3,7 Set to “0”
ABSCS Select the sampling timing at which to detect a bus collision
ACSE Set this bit to “1” to use the auto clear function of transmit enable bit
SSS Select the transmit start condition

U2SMR2 | Oto7 Set to “0”

U2SMR3 | Oto 7 Set to “0”

U2SMR4 | Oto7 Set to “0”

NOTE:
1. Not all register bits are described above. Set those bits to “0” when writing to the registers in IEBus
mode.
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(1) The ABSCS bit in the U2SMR register (bus collision detect sampling clock select)
If ABSCS=0, bus collision is determined at the rising edge of the transfer clock

¥
Transfer clock

ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

TxD2 ]

RxD2 |

Input to TAOIN T

Timer AO

If ABSCS is set to "1", bus coIIisic;n is determined when timer
A0 (one-shot timer mode) underflows

(2) The ACSE bit in the U2SMR register (auto clear of transmit enable bit)

Transfer clock
ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

I

TxD2

_
RxD2 _l |

BCNIC register I\ i AcSE bitis setto -

IR bit (NOtE) automatically clear when bus collision
occurs), the TE bit is cleared to "0"

u2c1 register (transmission disabled) when

the IR bit in the BCNIC register is
| set to "1" (unmatching detected).

TE bit

(3) The SSS bit in the U2SMR register (Transmit start condition select)

If SSS bit is set to "0", the serial I/O starts sending data one transfer clock cycle after the transmission enable condition is met.

Transfer clock

ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

TXD2 ] | |

Transmission enable condition is met

If SSS bit = 1, the serial I/O starts sending data at the rising edge (Note 1) of RxD2

CLK2

f ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

TXD2 (Note 2 ) | |
RxD2 / | |

NOTES:
1: The falling edge of RxD2 when the IOPOL is set to "0"; the rising edge of RxD2 when the IOPOL is set to "1".
2: The transmit condition must be met before the falling edge (Note 1) of RxD.

This diagram applies to the case where the IOPOL is set to "1" (reversed)

Figure 14.30 Bus Collision Detect Function-Related Bits
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14.1.6 Special Mode 4 (SIM Mode) (UART?2)
Based on UART mode, this is an SIM interface compatible mode. Direct and inverse formats can be
implemented, and this mode allows output of a low from the TxD2 pin when a parity error is detected.
Table 14.18 lists the specifications of SIM mode. Table 14.19 lists the registers used in the SIM mode
and the register values set.

Table 14.18 SIM Mode Specifications

Item Specification
Transfer data format « Direct format
« Inverse format
Transfer clock * The CKDIR bit in the U2MR register is set to “0” (internal clock) : fi/ (16(n+1))

fi = f1s10, f2sI10, f8slo, f32s10. n: Setting value of U2BRG register 0016 to FF16
* The CKDIR bit is set to “1” (external clock ) : fEXT/16(n+1)
fexT: Input from CLK2 pin.  n: Setting value of U2BRG register 0016 to FF16
Transmission start condition| < Before transmission can start, the following requirements must be met
— The TE bit in the U2C1 register is set to "1" (transmission enabled)
— The Tl bit in the U2C1 register is set to "0" (data present in U2TB register)
Reception start condition « Before reception can start, the following requirements must be met
— The RE bit in the U2C1 register is set to "1" (reception enabled)
- Start bit detection
Interrupt request « For transmission
generation timing @ When the serial I/O finished sending data from the U2TB transfer register (U2IRS bit ="1")
« For reception
When transferring data from the UART2 receive register to the U2RB register (at
completion of reception)
Error detection « Overrun error (1)
This error occurs if the serial I/O started receiving the next data before reading the
U2RB register and received the bit one before the last stop bit in the the next data
« Framing error
This error occurs when the number of stop bits set is not detected
« Parity error
During reception, if a parity error is detected, parity error signal is output from the
TxD2 pin.
During transmission, a parity error is detected by the level of input to the RxD2 pin
when a transmission interrupt occurs
« Error sum flag
This flag is set to "1" when any of the overrun, framing, and parity errors is encountered

NOTES:
1. If an overrun error occurs, bits 8 to 0 in the U2RB register are undefined. The IR bit in the S2RIC
register remains unchanged.
2. A transmit interrupt request is generated by setting the U2IRS bit in the U2C1 register to “1” (trans-
mission complete) and U2ERE bit to “1” (error signal output) after reset. Therefore, when using
SIM mode, be sure to clear the IR bit to “0” (no interrupt request) after setting these bits.
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Table 14.19 Registers to Be Used and Settings in SIM Mode

Register Bit Function

u2TB® [ 0to7 Set transmission data

U2rRBD [ 0to7 Reception data can be read
OER,FER,PER,SUM Error flag

U2BRG Oto7 Set a transfer rate

U2MR SMD2 to SMDO Set to "1012"
CKDIR Select the internal clock or external clock
STPS Set to “0”
PRY Set this bit to “1” for direct format or “0” for inverse format
PRYE Set to “1”
IOPOL Set to “0”

u2co CLK1, CLKO Select the count source for the U2BRG register
CRS Invalid because CRDis set to "1"
TXEPT Transmit register empty flag
CRD Set to “1”
NCH Set to “0”
CKPOL Set to “0”
UFORM Set this bit to “0” for direct format or “1” for inverse format

u2C1 TE Set this bit to “1” to enable transmission
TI Transmit buffer empty flag
RE Set this bit to “1” to enable reception
RI Reception complete flag
U2IRS Set to “1”
U2RRM Set to “0”
U2LCH Set this bit to “0” for direct format or “1” for inverse format
U2ERE Set to “1”

U2SMRM | 0to 3 Set to “0”

U2SMR2 | O0to7 Set to “0”

U2SMR3 | 0to 7 Set to “0”

U2SMR4 | Oto 7 Set to “0”

NOTES

1. Not all register bits are described above. Set those bits to “0” when writing to the registers in SIM mode.
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(1) Transmit Timing

Tc
orsoconc UL UL LALALALALALALALL LU
Tebitinuzcs T —
register g J Data is written to
the UARTI register
Tl bitin U2C1 "1 . ‘
register :

Data is transferred from the U2TB
register to the UART2 transmit

Start Parity Stpp register

bit bit bit

s O\ XXX oo oXeXeY s

o

Parity Error Signal
returned from
Receiving End An "L" signal is applied from the SIM _*"
card due to a parity error
STAPKORKONDKONOXOHKON P =P 7000000000,
. An interrupt routine An interrupt routine detects
TXEPT bit in U2 " — detects "H" or "L" "H" or "L"
CO register
uge
IR bit in S2TIC "
register -

™\ 7

Set to "0" by an interrupt request acknowledgement or by program
The above timing diagram applies to the case where data is
transferred in the direct format.
* U2MR register STPS bit = 0 (1 stop bit)

+ U2MR register PRY bit = 1 (even) Tc=16(n+1)/fior 16 (n + 1) / fext
« U2CO register UFORM bit = 0 (LSB first) fi : frequency of U2BRG count source (f1S10, f2s10, f8Sl0, f32SI0)
« U2C1 register U2LCH bit = 0 (no reverse) fEXT : frequency of U2BRG count source (external clock)
» U2C1 register U2IRSCH bit = 1 (transmit is completed) n : value set to U2BRG
(2) Receive Timing TC
Transfer Clock | | ‘ ‘i | | || | | || | | || | | || | |
RE bit in U2C1 1
register )
' Start Parity Stop
Transmit Waveform bit bit  bit
from the —_— —
Transmiting End STAOKOX KK XK P 5P STARKOX XK KoK XK P Y P
TxD2 TxD2 outputs "L" due / _/_
to a parity error
RxDz pin Level® STAONONOKOKON XK P 5P TR XXX o oXoXeY N/
RI pit in U2C1 B |
register "0 |\
" -
o Read the U2RB register T
IR bitin S2RIC "
register g
. i . i Set to "0" by an interrupt request acknowledgement or by program
The above timing diagram applies to the case where data is
transferred in the direct format.
* U2MR register STPS bit = 0 (1 stop bit) _ )
« U2MR register PRY bit = 1 (even) Te=16(n+1)/fior 16 (n+ 1)/ fext
+ U2CO register UFORM bit = 0 (LSB first) fi : frequency of U2BRG count source (f1SI0, f2SI0, f8SIO, f32S10)
+ U2C1 register U2LCH bit = 0 (no reverse) fEXT : frequency of U2BRG count source (external clock)
* U2C1 register U2IRSCH bit = 1 (transmit is completed) n : value set to U2BRG

NOTES:
1. Because TxD2 and RxD2 are connected, this is composite waveform consisting of the TxD2 output and the parity error
signal sent back from receiver.
2. Because TxD2 and RxD2 are connected, this is composite waveform consisting of the transmitter's transmit waveform
and the parity error signal received.

Figure 14.31 Transmit and Receive Timing in SIM Mode
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Figure 14.32 shows the example of connecting the SIM interface. Connect TxD2 and RxD2 and apply
pull-up.

Microcomputer

SIM card

TxD2 ®

RxD2

Figure 14.32 SIM Interface Connection

14.1.6.1 Parity Error Signal Output
The parity error signal is enabled by setting the U2ERE bit in theU2C1 register to “1”.
* When receiving
The parity error signal is output when a parity error is detected while receiving data. This is achieved
by pulling the TxD2 output low with the timing shown in Figure 14.33. If the R2RB register is read
while outputting a parity error signal, the PER bit is cleared to “0” and at the same time the TxD2 output
is returned high.
* When transmitting
A transmission-finished interrupt request is generated at the falling edge of the transfer clock pulse
that immediately follows the stop bit. Therefore, whether a parity signal has been returned can be
determined by reading the port that shares the RxD2 pin in a transmission-finished interrupt service
routine.

Transfer | M ML ML ML ririrer
clock «

RxD2 ': \ st [po ) b1\ D2)D3)Da)o5) D6 D7) P YSP

U2C1 register -1

TxD2 @ __/
—

RI bit -«
This timing diagram applies to the case where the direct format is ST : Start bit
implemented. P : Even Parity
NOTES: SP : Stop bit

1. The output of microcomputer is in the high-impedance state
(pulled up externally).

Figure 14.33 Parity Error Signal Output Timing
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14.1.6.2 Format
* Direct Format
Set the PRY bit in the U2MR register to “1”, the UFORM bit in U2CO register to “0” and the U2LCH bit
in U2C1 register to “0".
* Inverse Format
Set the PRY bit to “0”, UFORM bit to “1” and U2LCH bit to “1".
Figure 14.34 shows the SIM interface format.

(1) Direct format
cleck U

TxD2 H
XD2 - \

fpoXD1)fD2)fD3) D4a)D5)fD6) D7) P/

P : Even parity

(2) Inverse format

Transfer“”“ll'||||||||||||||| |

cleck

=

LN N 57 (60 (55 0678 0 7 8 i

P : Odd parity

Figure 14.34 SIM Interface Format
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14.2 SI/O3 and SI/O4

Note
| The SI/O4 interrupt of peripheral function interrupt is not available in the 64-pin package. I

S1/03 and S1/04 are exclusive clock-synchronous serial I/Os.

Figure 14.35 shows the block diagram of SI/O3 and SI/O4, and Figure 14.36 shows the SI/O3 and S1/O4-
related registers.

Table 14.20 shows the specifications of SI/O3 and SI/O4.

Clock source select

fasio  PCLK1=0 SMil to SMi0
| S
Main clock, fisio | _ 002 Data bus
PLL clock, Ad O o1
or on-chip oscillator 1/s |—e—PCLK1=1 f8sI0 5~ 21

clock \D_I
| - 102
1/4 132510 S

__| Synchronous|
circuit 1/(n+1)
SiBRG register

SMi4
CLK

polarity
CLKi O— reversing

circuit

SI/O counter i } SlOi
interrupt request

SMi2

SMi3

soun O )/’4 SMi5 LsSE—> MsB _
—

SINi O bi SITRR !'egister

Note: i =3, 4.
n = A value set in the SiIBRG register.

Figure 14.35 SI/0O3 and SI/O4 Block Diagram
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M16C/28 Group (M16C/28, M16C/28B) 14. Serial I/O

SI/Oi control Register (i=3,4) (1)

SMi4 1 CLK polarity selct bit transfer clock and receive data is input at

rising edge RW

1 : Transmit data is output at rising edge of
transfer clock and receive data is input at
falling edge

SMi5 Transfer direction select bit 0 : LSB first
AR 1 : MSB first RW

b7 b6 bS b4 b3 b2 bl bO Symbol Address After Reset

| | | | | | | | | S3C 036216 010000002
— S4C 036616 010000002
Pl bbb ] symbol it Name escription RW
: : ; ol SMi0  |Internal synchronous clock b1b0 )
. select bt (5) 00 : Selecting f1 or f2 RW
T 0 1: Selecting fs
i : : : : : - SMil 1 0: Selecting f32
T 11: Do not set RW
SMi2 [ Sourti output disable bit (4) | 0 : Souri output
e 1 : SouTi output disable(high impedance) RW
i : : : : SMi3 [ S I/Oi port select bit 0 : Input/output port
e 1 : Sourti output, CLKi function RW
0 : Transmit data is output at falling edge of

SMi6 | Synchronous clock select bit | 0 : External clock (2

P 1 : Internal clock (3 RW

SMi7 [ Souri initial value set bit Effective when the SMi3 is set to "0"

""""""""""""" 0 : “L” output RW
1:“H"” output

NOTES:

1. Set the S4C register by the next instruction after setting the PRC2 bit in the PRCR register to
“1"(write enable).

2. Set the SMi3 bit to “1” and the corresponding port direction bit to “0"(input mode).

3. Set the SMi3 bit to “1” (SouTi output, CLKi function).

4. When the SMi2 bit is set to "1", the corresponding pin goes to high-impedance regardless of the function in
use.

5. When the SMil and SMiO bit settings are changed, set the SiBRG register.

SI/Oi Bit Rate Generator (i=3,4) (1,2, 3)

b7 b0 Symbol Address After Reset
| S3BRG 036316 Indeterminate
v S4BRG 036716 Indeterminate
Description Setting Range | RW
_____________ Assuming that set value = n, BRGi divides the count source 0016 to EE16 WO
byn+1
NOTES:
1. Write to this register while serial I/O is neither transmitting or receiving.
2. Use MOV instruction to write to this regisgter.
3. Set the SIBRG register after setting the SMil and SMi0 bits in the SiC register.
SI/Oi Transmit/receive Register (i=3,4) (1.2)
b7 b0 Symbol Address After Reset
S3TRR 036016 Indeterminate
T S4TRR 036416 Indeterminate
: Description RW
E Transmission/reception starts by writing transmit data to this register. After RW
""""""" transmission/reception finishes, reception data can be read by reading this register.

NOTES:
1. Write to this register while serial 1/O is neither transmitting or receiving.
2. To receive data, set the corresponding port direction bit for SiNi ti “0”(input mode).

Figure 14.36 S3C and S4C Registers, S3BRG and S4BRG Registers, and S3TRR and S4TRR Registers
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M16C/28 Group (M16C/28, M16C/28B)

Table 14.20 SI/O3 and SI/O4 Specifications

Item

Specification

Transfer data format

« Transfer data length: 8 bits

Transfer clock

» The SMi6 bit in the SiC (i=3, 4) register is set to “1” (internal clock) : fj/ (2(n+1))
fj = fis10, f2s10, f8sl0, f32s10. n=Setting value of SiBRG register 0016 to FF1s.
« SMi6 bit is set to “0” (external clock) : Input from CLKi pin ()

Transmission/reception
start condition

« Before transmission/reception can start, the following requirements must be met
Write transmit data to the SiTRR register (2 3)

Interrupt request
generation timing

* When the SMi4 bit in the SiC register is set to "0"
The rising edge of the last transfer clock pulse ()
* When SMi4 is setto "1"
The falling edge of the last transfer clock pulse (4)

CLKi pin fucntion

I/O port, transfer clock input, transfer clock output

SouTi pin function

I/O port, transmit data output, high-impedance

SINi pin function

I/O port, receive data input

Select function

* LSB first or MSB first selection
Whether to start sending/receiving data beginning with bit 0 or beginning with bit 7
can be selected

« Function for setting an SouTi initial value set function
When the SMi6 bit in the SiC register is set to "0" (external clock), the Souri pin
output level while not tranmitting can be selected.

* CLK polarity selection
Whether transmit data is output/input timing at the rising edge or falling edge of
transfer clock can be selected.

NOTES:

1. To set the SMi6 bit in the SiC register to “0” (external clock), follow the procedure described below.
« If the SMi4 bit in the SiC register is set to "0", write transmit data to the SiTRR register while input on the CLKi
pin is high. The same applies when rewriting the SMi7 bit in the SiC register.
« If the SMi4 bit is set to "1", write transmit data to the SiTRR register while input on the CLKi pin is low. The
same applies when rewriting the SMi7 bit.
» Because shift operation continues as long as the transfer clock is supplied to the SI/Oi circuit, stop the
transfer clock after supplying eight pulses. If the SMi6 bit is set to "1" (internal clock), the transfer clock

automatically stops.

2. Unlike UARTO to UARTZ2, SI/Oi (i = 3 to 4) is not separated between the transfer register and buffer. Therefore,
do not write the next transmit data to the SiTRR register during transmission.

3. When the SMi6 bit in the SiC register is set to "1" (internal clock), SouTi retains the last data for a 1/2 transfer
clock period after completion of transfer and, thereafter, goes to a high-impedance state. However, if transmit
data is written to the SiTRR register during this period, SouTi immediately goes to a high-impedance state, with
the data hold time thereby reduced.

4. When the SMi6 bit in the SiC register is set to "1" (internal clock), the transfer clock stops in the high state if the
SMi4 hit is set to "0", or stops in the low state if the SMi4 bit is set to "1".
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M16C/28 Group (M16C/28, M16C/28B) 14. Serial I/O

14.2.1 SI/Oi Operation Timing
Figure 14.37 shows the SI/Oi operation timing

1.5 cycle (max) (3)
|
sioiimemarcock - L L LI LI LI L1 1 L]
CLKioutput ~ "H"

Signal written to the
SiTRR register

j%

SOUTI output

cIoaI

SINi input

SilC register "1t |
IR bit 0"

i=3,4

NOTES:
1. This diagram applies to the case where the SiC register bits are set as follows:
SMi2=0 (SouTi output), SMi3=1 (SouTi output, CLKi function), SMi4=0 (transmit data output at the falling edge and receive data input at the
rising edge of the transfer clock), SMi5=0 (LSB first) and SMi6=1 (internal clock)
2. When the SMi6 bit is set to "1" (internal clock), the SOUTi pin is placed in the high-impedance state after the transfer is completed.
3. If the SMi6 bit is set to "0" (internal clock), the serial I/O starts sending or receiving data a maximum of 1.5 transfer clock cycles after writing to
the SITRR register.

Figure 14.37 SI/Oi Operation Timing

14.2.2 CLK Polarity Selection

The the SMi4 bit in the SiC register allows selection of the polarity of the transfer clock. Figure 14.38
shows the polarity of the transfer clock.

(1) When the SMi4 bit in the SiC register is set to “0”

CLKi (2

SINi

sou (o0 )" X 02 X "bs )} 04 X o5 X 0 } 07

(2) When the SMi4 bit in the SiC register is set to “1”

souri {00 )} o1 X b2 X 03 ) pa )} 05 X s X o7
i=3 and 4

NOTES:
1. This diagram applies to the case where the SiC register bits are set as follows:
SMi5=0 (LSB first) and SMi6=1 (internal clock)
2. When the SMi6 bit is set to "1" (internal clock), a high level is output from the CLKi
pin if not transferring data.
3 When the SMi6 bit is set to "1" (internal clock), a low level is output from the CLKi
pin if not transferring data.

Figure 14.38 Polarity of Transfer Clock

Rev. 2.00 Jan. 31,2007 page 215 of 385 RENESAS
REJ09B0047-0200



M16C/28 Group (M16C/28, M16C/28B) 14. Serial 1/0

14.2.3 Functions for Setting an Souri Initial Value
If the SMi6 bit in SiC register is set to 0 (external clock), the SouTi pin output level can be fixed high or low
when not transferring data. However, when transmitting data consecutively, the last bit (bit 0) value of the
last transmitted data is retained between the sccessive data transmissions. Figure 14.39 shows the
timing chart for setting an SouTi initial value and how to set it.

(Example) When “H” selected for SouTi initial value ()

( Setting of the initial value of SouTi )

| 1
Signal written to : : output and starting of transmission/
SiTRR register | | reception
| ! L ¢ J
SMi7 bit ! .
o : Set the SMi3 bit to “0”
| (SourTi pin functions as an 1/O port)
SMi3 bit ¢

Set the SMi7 bit to “1”
(Sourti initial value = “H")

: :

Souri (internal)

Set the SMi3 bit to “1”

|
1
Port output : \ I/ DO (Souri pin functions as SouTi output)
SouTi pin output " / -
I I Initial value = “H* ® H" level is output
(i=3,4) Yooov from the SouTi pin
Setting the SouTi  Port selection switching K i K
initial value to "H" (/O port = Souti) Write to the SiTRR register
@
NOTES: . . .
1. This diagram applies to the case where the bits in the SiC register are set as follows: Serial transm|t/recept|0n starts

SMi2=0 (SouTi output), SMi5=0 (LSB first) and SMi6=0 (external clock)
2. Sourti can only be initialized when input on the CLKi pin is in the high state if the SMi4bit in the
SiC register is set to "0" (transmit data output at the falling edge of the transfer clock) or
in the low state if the SMi4 bit is set to "1" (transmit data output at the rising edge of the
transfer clock).
3. If the SMi6 bit is set to "1" (internal clock) or if the SMi2 bit is set to "1" (SouT output disabled),
this output goes to the high-impedance state.

Figure 14.39 Souri Initial Value Setting
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M16C/28 Group (M16C/28, M16C/28B) 15. A/D Converter

15. A/D Converter

Note
Ports P04 to PO7(ANO4 to ANO7), P10 to P13(AN20 to AN23) and P95 to P97(AN25 to AN27) are not
available in M16C/28 (64-pin package). Do not use port P04 to PO7(AN0O4 to ANO7), P1o to P13(AN20

to AN23) and P9s to P97(AN25 to AN27) as analog input pins in M16C/28 (64-pin package.).

The microcomputer contains one A/D converter circuit based on 10-bit successive approximation method
configured with a capacitive-coupling amplifier. The analog inputs share the pins with P100 to P107 (ANo to
AN7), POo to PO7 (ANOo to ANO7), and P10 to P13, P93, P95 to P97 (AN20 to AN27). Similarly, ADTRG input
shares the pin with P15. Therefore, when using these inputs, make sure the corresponding port direction
bits are set to “0” (input mode). Note that P10 to P13, P93, P95 to P97 (AN20 to AN27) are available only in
the 80-pin package.

When not using the A/D converter, set the VCUT bit to “0” (Vref unconnected), so that no current will flow
from the Vref pin into the resistor ladder, helping to reduce the power consumption of the chip.

The A/D conversion result is stored in the ADi register bits for ANi, ANOi, and ANZ2i pins (i = 0 to 7).

Table 15.1 shows the A/D converter performance. Figure 15.1 shows the A/D converter block diagram
and Figures 15.2 to 15.4 show the A/D converter associated with registers.

Table 15.1 A/D Converter Performance

Item Performance
A/D Conversion Method | Successive approximation (capacitive coupling amplifier)
Analog Input Voltage 0V to Avcc (Vce)
Operating Clock fap @ faD/divided-by-2 or fab/divided-by-3 or fab/divided-by-4 or fab/divided-by-6
or fab/divided-by-12 or fAD
Resolution 8-bit or 10-bit (selectable)

Integral Nonlinearity Error | When AVcc = Vref = 5V

« With 8-bit resolution: +2L.SB
« With 10-bit resolution: +3LSB
When Avcc = Vref = 3.3V

« With 8-bit resolution: +2L.SB
» With 10-bit resolution: +5LSB

Operating Modes One-shot mode, repeat mode, single sweep mode, repeat sweep mode 0, repeat
sweep mode 1, simultaneous sample sweep mode and delayed trigger mode 0,1
Analog Input Pins 8 pins (ANo to AN7) + 8 pins (ANOo to ANO7) + 8 pins (AN20 to AN27) (80pin/85pin package)

8 pins (ANo to AN7) + 4 pins (ANOo to ANO3) + 1 pin (AN24)  (64pin package)
Conversion Speed Per Pin | « Without sample and hold function

8-bit resolution: 49 @aD cycles, 10-bit resolution: 59 @aD cycles
» With sample and hold function

8-bit resolution: 28 @AD cycles, 10-bit resolution: 33 @AD cycles

NOTES:
1. Analog input voltage does not depend on use of sample and hold function.
2. Set the @AD frequency to 10 MHz or less. For M16C/28B, set it to 12 MHz or less.
Without sample-and-hold function, set the @AD frequency to 250kHz or more.
With the sample and hold function, set the @AD frequency to 1MHz or more.
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M16C/28 Group (M16C/28, M16C/28B)

15. A/D Converter

A/D conversion rate

Successive conversion register ADCONl%EQngD@
(address 03D715) \%

ADCONO register

Addresses (address 03D616) AV
(03C116 to 03C016) | A/D register 0(16)
(03C316 to 03C216) | A/D register 1(16)
(03C516 to 03C416) | A/D register 2(16)
(03C716 to 03C616) | A/D register 3(16)
(03C916 to 03C815) | A/D register 4(16)
(03CB16 to 03CAu6) [ A/D register 5(16)
(03CD1s to 03CC1s) | A/D register 6(16)

(03CF1s to 03CEze) | A/D register 7(16)
~~Z [1

S
S

\ A

Decoder
for A/D register

\AAA

Data bus high-order
~~Z

Data bus low-order

S

ADCONZ2 register
(address 03D416)

= L

Vref

1. Port P1/Port P9 group is available for only 80-pin/85-pin packages.

Decoder
for channel Vin
selection
YV \N \
Port P10 group | €H2 tc?og; 1
ANo O— :oo 2 ADGSEL1 to ADGSEL0=002
Y YYYYYVYY mlg =010:2 !
Port PO group CH2 to CHO 2 =01122 ¥
=000z AN3 O —1och oo nclice:
ANO0O— oo 5 o— AN4 O 1012 :
ANO1O =001z ;> | AN5 O = !
ANO2Q 20102 o~ | AN6 O ‘Egz ADGSEL1 to ADGSEL0=102
ANO03O :(1)(1)(1)20\o—< AN7 O ~o==2 ;
ANO4 O =2 o
ANOs O :ﬂézc\o ot‘
ANO6 O _1112c>\o—< .
ANO7 =122 650 |
o ADGSELL to ADGSELO=112
Port P1/Port P9 ¢ ¢ ¢ ¢ V * ¢ ¢
group (1) CH% to CHO ’
AN20O =0002 5o oo
=0012
AN21O a0 o
AN220 o112 "]
AN23 O =100:2._ 1
AN24 O o % ADGSEL1 to ADGSEL0=002
AN25 O =102,
AN26 O oo [~
AN27 O 0 o
ADGSELL1 to ADGSEL0=102
oo
= VIN1
ADGSEL1 to ADGSEL0=112
©°_°7
NOTES:

selection B
CKS2=0 o CKSI=L BAD
——0
o l 172 [ 12 K80 o 7 cKs1=0
fap O 173 o CKS0=0
— CKS2=1

Vi

REF VCUT=0 Resistor ladder |
AVss O————o

veuT-1 MMMMM

Comparator 0

SSE=1
CH2 to CH0=0012

Comparator 1

Figure 15.1 A/D Converter Block Diagram
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M16C/28 Group (M16C/28, M16C/28B)

15. A/D Converter

A/D Control Register 0 @

NOTES:

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
ADCONO 03D616 00000XXX2
Bit Symbol Bit Name Function RW
CHO Analog Input Pin Select Function varies with each operation mode RW
H HE Bit
: Dot CH1 RW
: Heaneeeed CH2 RW
MDO A/D Operation Mode : One-shot mode or Delayed trigger mode 0,1| Ry
H Select Bit 0 : Repeat mode
: Single sweep mode or
H Simultaneous sample sweep mode
mD1 11 : Repeat sweep mode O or Repeat sweep RwW
H mode 1
R TRG Trigger Select Bit g aohware trigger RW
: : Hardware trigger
R ADST A/D Conversion Start Flag | o : AID conversion disabled RW
H 1: A/D conversion started
Frequency Select Bit 0 See Table 15.2
L CKSO quency ee Table RW
NOTES:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
A/D Control Register 1 @
b7 D6 bS5 b4 b3 b2 bl bO Symbol Address After Reset
ADCON1 03D716 0016
- Bit Symbol Bit Name Function RW
AID Sweep Pin Select Bit Function varies with each operation mode
SCANO RW
H SCAN1
HE RW
A/D Operation Mode 0 : Other than repeat sweep mode 1
MD2 Select Bit 1 1: Repeat sweep mode 1 RW
8/10-Bit Mode Select Bit 0 : 8-bit mode
BITS 1 : 10-bit mode Rw
CKs1 Frequency Select Bit 1 See Table 15.2 RW
Vref Connect Bit (2 0 : Vref not connected
veut 1: Vref connected Rw
L Nothing is assigned. When write, set to “0". _
(b7-b6) When read, its content is “0”.
NOTES:
1. If the ADCONL register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. If the VCUT bit is reset from “0” (V REF unconnected) to “1” (V REF connected), wait for 1 ps or more before
starting A/D conversion.
A/D Control Register 2 1)
D7 be 05 b4 b3 b2 b1 b0 Symbol Address After Reset
ADCON2 03D416 0016
Bit Symbol Bit Name Function RW
SMP A/D Conversion Method 0 : Without sample and hold RW
Select Bit 1 : With sample and hold
. b2 b1
ADGSELO | A/D Input Group Select Bit | g o - Select port P10 group RW
01 : Do not set —
10 : Select port PO group
ADGSELL 11 : Select port P1/P9 group RW
(b3) Reserved Bit Setto “0” RW
CKS2 Frequency Select Bit 2 See Table 15.2 RW
Trigger Select Bit i i i i
TRG1 99 Function varies with each operation RW
mode
Nothing is assigned. When write, set to “0". _
(b7-b6) When read, its content is “0".

1. If the ADCONZ2 register is rewritten during A/D conversion, the conversion result will be indeterminate.

Figure 15.2 ADCONO to ADCON2 Registers
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M16C/28 Group (M16C/28, M16C/28B)

15. A/D Converter

b7 b6 b5 b4 b3 b2 bl b0

NOTES:

1. If the ADTRGCON register is rewritten during A/D conversion, the conversion result will be indeterminate.

2. Set “0016” in this register in one-shot mode, repeat mode, single sweep mode, repeat sweep mode 0 and repeat
sweep mode 1.

A/D Trigger Control Register @.2)

Symbol Address After Reset
ADTRGCON 03D216 0016
Bit Symbol Bit Name Function RW
A/D Operation Mode 0 : Other than simultaneous sample sweep RW
SSE Select Bit 2 mode or delayed trigger mode 0,1
1 : Simultaneous sample sweep mode or
delayed trigger mode 0,1
A/D Operation Mode 0 : Other than delayed trigger mode 0,1 RW
DTE Select Bit 3 1: Delayed trigger mode 0,1
.1 HPTRGO ANO Trigger Select Bit Function varies with each operation mode RW
HPTRG1 AN1 Trigger Select Bit Function varies with each operation mode RW
— Nothing is assigned. When write, set to “0”. _
(b7-b4) When read, its content is “0".

Figure 15.3 ADTRGCON Register

Table 15.2 A/D Conversion Frequency Select

CKS2 CKS1 CKSO0 @A\D

0 0 0 Divided-by-4 of fAD
0 0 1 Divided-by-2 of fAD
0 1 0

fAD
0 1 1
1 0 0 Divided-by-12 of fAD
1 0 1 Divided-by-6 of fAD
1 1 0 o

Divided-by-3 of fAD
1 1 1

NOTE:

1. Set the @AD frequency to 10 MHz or less (12 MHz or less in M16C/28B) The selected @AD the
ADCONO register, CKS1 bit in the ADCONL1 register, and the CKS2 bit in the ADCON2 register.
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M16C/28 Group (M16C/28, M16C/28B) 15. A/D Converter

A/D Conversion Status Register 0 (1)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After reset
| | ADSTATO 03D316 0016
Bit Symbol Bit Name Function RW

ADERRO |AN1 Trigger Status Flag 0 : AN1 trigger did not occur during
ANO conversion RW

1: AN1 trigger occured during
ANO conversion

ADERR1 [Conversion Termination 0 : Conversion not terminated

[ Flag 1 : Conversion terminated by RW
Timer BO underflow

Nothing is assigned. When write, set to “0”.

bt (b2) When read, its content is “0”. -
L ____________ ADTCSF | Delayed Trigger Sweep 0 : Sweep not in progress RO
Status Flag 1: Sweep in progress
________________ ADSTTO [ANO Conversion Status 0 : ANO conversion not in progress RO
Flag 1 : ANO conversion in progress
] ADSTT1 |AN1 Conversion Status 0 : AN1 conversion not in progress RO
Flag 1: AN1 conversion in progress
ANO Conversion 0 : ANO conversion not completed
R ADSTRTO ; p
Completion Status Flag 1 : ANO conversion completed RW
o] ADSTRT1 |AN1 Conversion 0 : AN1 conversion not completed RW
Completion Status Flag 1: AN1 conversion completed
NOTES:
1. ADSTATO register is valid only when the DTE bit in the ADTRGCON register is set to “1".
AD Register i (i=0 to 7) Symbol Address After Reset
ADO 03C116 to 03CO016 Indeterminate
AD1 03C316 to 03C216 Indeterminate
AD2 03C516 to 03C416 Indeterminate
AD3 03C716 to 03C616 Indeterminate
AD4 03C916 to 03C816 Indeterminate
AD5 03CB16 to 03CA16 Indeterminate
AD6 03CD16 to 03CC16 Indeterminate
AD7 03CF16 to 03CE 16 Indeterminate
b0
: Function RW
! [When the BITS bit in the ADCON1 | When the BITS bit in the ADCON1
i |register is “1” (10-bit mode) register is “0” (8-bit mode) RW
....| Eight low-order bits of A/D conversion result RO
A/D conversion result
_____________________ Two high-order bits of When read, its content is RO
A/D conversion result indeterminate
Nothing is assigned. When write, set to “0". -
When read, its content is “0”.

Figure 15.4 ADSTATO Register and ADO to AD7 Registers
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M16C/28 Group (M16C/28, M16C/28B) 15. A/D Converter

Timer B2 Special Mode Register (1)

b7 b6 b5 b4 b3 b2 bl bo

|><| 0 | 0 | | | | | | Symbol Address After Reset
— TB2SC 039E16 X00000002
P Bit Symbol Bit Name Function RW
Pobob b b b ] pweowm | Timer B2 reload timing | O : Timer B2 underflow

R i switch bit ) 1: Timer A output at odd-numbered RW
0 : Three-phase output forcible cutoff
P Do Three-phase output port by SD pin input (high impedance)

Do R IVPCRL 155 control bit 1 3. 4.7) disabled RW
A 1 : Three-phase output forcible cutoff
A by SD pin input (high impedance)

: 5 [ enabled
A Timer BO operation mode | O : Other than A/D trigger mode
T TBOEN s elect bit 1: A/D trigger mode(®) RW
o : ___________ Timer B1 operation mode | 0 : Other than A/D trigger mode
TBIEN | select bit 1: A/D trigger mode(®) RW

P . ) 0 : TB2 interrupt
SGRCEETTEELE TB2SEL | Trigger select bit () 1 : Underflow of TB2 interrupt generation | RW
o frequency setting counter [ICTB2]
S (b6-b5) Reserved bit Setto "0" RW

—_ Nothing is assigned. When write, set to “0”.
(b7) When read, its content is “0”

NOTES:

1. Write to this register after setting the PRC1 bit in the PRCR register to "1" (write enabled).

2. If the INV11 bit is "0" (three-phase mode 0) or the INVO6 bit is "1" (triangular wave modulation mode), set this
bit to "0" (Timer B2 underflow).

3. When setting the IVPCR1 bit to "1" (three-phase output forcible cutoff by SD pin input enabled), set the PD8_5
bit to "0" (= input mode).

4. Associated pins are U(P8o), U(P81), V(P72), V(P73), W(P74), W(P7s). When a high-level ("H") signal is applied
to the SD pin and set the IVPCR1 bit to 0 after forcible cutoff, pins U, U, V, V, W, and W are exit from the high-
impedance state. If a low-level (“L") signal is applied to the SD pin, three-phase motor control timer output will
be disabled (INV03=0). At this time, when the IVPCRL1 bit is 0, pins U, U, V, ¥, W, and W become
programmable 1/O ports. When the IVPCRL1 bit is set to 1, pins U, U, V, V, W, and W are placed in a high-
impedance state regardless of which function of those pins is used.

5. When this bit is used in delayed trigger mode 0, set the TBOEN and TB1EN bits to "1" (A/D trigger mode).

6. When setting the TB2SEL bit to "1" (underflow of TB2 interrupt generation frequency setting counter[ICTB2]),
set the INVO2 bit to "1" (three-phase motor control timer function).

7. Refer to "17.6 Digital Debounce Function" for the SD input

Figure 15.5 TB2SC Register
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M16C/28 Group (M16C/28, M16C/28B) 15. A/D Converter

15.1 Operating Modes

15.1.1 One-Shot Mode

In one-shot mode, analog voltage applied to a selected pin is once converted to a digital code. Table 15.3
shows the one-shot mode specifications. Figure 15.6 shows the operation example in one-shot mode.
Figure 15.7 shows the ADCONO to ADCON?2 registers in one-shot mode.

Table 15.3 One-shot Mode Specifications
Item Specification

Function The CH2 to CHO bits in the ADCONO register and the ADGSEL1 to
ADGSELO bits in the ADCONZ2 register select pins. Analog voltage applied to
a selected pin is once converted to a digital code
A/D Conversion Start « When the TRG bit in the ADCONO register is “0” (software trigger)
Condition Set the ADST bit in the ADCONO register to “1” (A/D conversion started)
« When the TRG bit in the ADCONO register is “1” (hardware trigger)

The ADTRG pin input changes state from “H” to “L” after setting the

ADST bit to “1” (A/D conversion started)
A/D Conversion Stop « A/D conversion completed (If a software trigger is selected, the ADST bit is
Condition set to “0” (A/D conversion halted)).
* Set the ADST bit to “0”
Interrupt Request Generation Timing | A/D conversion completed
Analog Input Pin Select one pin from ANo to AN7, ANOo to ANO7, AN20 to AN27
Readout of AID Conversion Result | Readout one of the ADO to AD7 registers that corresponds to the selected pin

*Example when selecting AN2 to an analog input pin (Ch2 to CH0="0102")

A/D conversion started

I:l A/D pin input voltage
ANo sampling
A/D pin conversion
AN1

ane [ ]
AN3 +

AN4 A/D interrupt request generated
ANs

ANe
AN7

Figure 15.6 Operation Example in One-Shot Mode
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M16C/28 Group (M16C/28, M16C/28B)

15. A/D Converter

A/D Control Register 0 ()

Symbol Address After Reset
ADCONO 03D616 00000XXX2
Bit Symbol Bit Name Function RW
CHO Analog Input Pin BZED& : Select ANo RW
Select Bit . 3) 001: Select AN1
010: Select AN2
CH1 011:Select AN3 RW
100: Select AN4
101: Select ANs ]
110: Select AN6
CH2
111:Select AN7 RW
N 0463
MDO AID Ope_ramzan) Mode 00 : One-shot mode or delayed trigger mode | RW|
MD1 Select Bit 0 0,1 RW
Trigger Select Bit 0 : Software trigger
TRG : .
1 : Hardware trigger (AD TRG trigger) RW
ADST AJD Conversion Start 0 : A/D conversion disabled RW
Flag 1: A/D conversion started
CKS0 Frequency Select Bit 0 See Table 15.2 RW
NOTES:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. ANOo to ANO7 and AN20 to AN27 can be used in the same way as AN o to AN7. Use the ADGSEL1 to
ADGSEL 0 bits in the ADCON2 register to select the desired pin.
3. After rewriting the MD1 to MDO bits, set the CH2 to CHO bits over again using an another instruction.
A/D Control Register 1 @)
b7 b6 bS b4 b3 b2 bl bo
Symbol Address After Reset
ADCON1 03D716 0016
Bit Symbol Bit Name Function RW
A/D Sweep Pin Invalid in one-shot mode RW
: SCANO | select Bit
H SCAN1 RW
; A/D Operation Mode 0 : Any mode other than repeat sweep
H MD2 Select Bit 1 mode 1 RW
: 8/10-Bit Mode Select Bit |0 : 8-bit mode
: BITS 1: 10-bit mode RW
CKS1 Frequency Select Bit 1 Refer to Table 15.2 RW
RERREELEEEEEEEEEREEE VCUT Vref Connect Bit (2) 1: Vref connected RW
] Nothing is assigned. When write, set to “0". o
(b7-b6) When read, its content is “0”.

NOTES:
1. If the ADCONL register is rewritten during A/D conversion, the conversion result will be indeterminate.

2. If the VCUT bit is reset from “0” (Vref unconnected) to “1” (Vref connected), wait for 1 ps or more before starting

AID conversion.

A/D Control Register 2 (1)

b7 b6 bS5 b4 b3 b2 bl bo

Symbol Address After Reset
0 | | | | ADCON2 03D416 0016
i+ | Bit Symbol Bit Name Function RW
H Pl AID Conversion Method 0 : Without sample and hold
: : SMP Select Bit 1 : With sample and hold RW
A ADGSELO | A/D Input Group Sefect | 00+ select port P10 group RW
: Bit 01: Do not set
H 10: Select port PO group
ADGSEL1 11: Select port P1/P9 group RwW
E (b3) Reserved Bit Set to “0” RW
CKS2 Frequency Select Bit 2 See Table 15.2 RW
__________________ TRG1 Trigger Select Bit 1 Set to "0" in one-shot mode RW
Nothing is assigned. When write, set to “0". _
""""""""""""" (b7-b6) When read, its content is “0”.

NOTES:
1. If the ADCONZ2 register is rewritten during A/D conversion, the conversion result will be indeterminate.

Figure 15.7 ADCONO to ADCONZ2 Registers in One-Shot Mode
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M16C/28 Group (M16C/28, M16C/28B) 15. A/D Converter

15.1.2 Repeat mode

In repeat mode, analog voltage applied to a selected pin is repeatedly converted to a digital code. Table
15.4 shows the repeat mode specifications. Figure 15.8 shows the operation example in repeat mode.
Figure 15.9 shows the ADCONO to ADCON2 registers in repeat mode.

Table 15.4 Repeat Mode Specifications
Iltem Specification
Function The CH2 to CHO bits in the ADCONO register and the ADGSEL1 to ADGSELO
bits in the ADCONZ2 register select pins. Analog voltage applied to a selected
pin is repeatedly converted to a digital code
A/D Conversion Start * When the TRG bit in the ADCONO register is “0” (software trigger)
Condition Set the ADST bit in the ADCONO register to “1” (A/D conversion started)
* When the TRG bit in the ADCONO register is “1” (hardware trigger)
The ADTRG pin input changes state from “H” to “L” after setting the ADST bit
to “1” (A/D conversion started)
AID Conversion Stop Condition |Set the ADST bit to “0” (A/D conversion halted)
Interrupt Request Generation Timing| None generated
Analog Input Pin Select one pin from ANo to AN7, ANOo to ANO7 and AN20 to AN27
Readout of A/D Conversion Result | Readout one of the ADO to AD7 registers that corresponds to the selected pin

*Example when selecting AN2 to an analog input pin  (Ch2 to CH0="0102")

I:l A/D pin input voltage
sampling

:] A/D pin conversion

A/D conversion started

ANo
AN1 o
ANz || | | | | | | Ll
AN3
AN4
ANs
ANs
AN7

Figure 15.8 Operation Example in Repeat Mode
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M16C/28 Group (M16C/28, M16C/28B) 15. A/D Converter

A/D Control Register 0 (1)
L7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
| | | | 0 | 1 | | | | ADCONO 03D616 00000XXX2
o Bit Symbol Bit Name Function RW
: CHO Analog Input Pin 000: Select ANG RW
Pl Select Bit 2.3) 001: Select AN1
Lo 010: Select AN2
H— CH1 011:Select AN3 RW
Lo 100: Select AN4
H 101: Select ANs |
110: Select AN6
o CH2 RW
. 111:SelectAN7
H - bab3
HE MDO éll:l) OpBe_raél(g)n Mode 0 1: Repeat mode —RW
P MD1 elect Bit RW
N TRG Trigger Select Bit 0 : Software trigger ) RW
HE 1: Hardware trigger (AD TRG trigger)
R ADST A/D Conversion Start 0 : A/D conversion disabled RW
H Flag 1: A/D conversion started
[ CKSO0 Frequency Select Bit 0 Refer to Table 15.2 RW
NOTES:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. ANOo to ANO7 and AN20 to AN27 can be used in the same way as AN 0 to AN7. Use the ADGSELL1 to
ADGSELO bits in the ADCONZ2 register to select the desired pin.
3. After rewriting the MD1 to MDO bits, set the CH2 to CHO bits over again using an another instruction.
A/D Control Register 1 (1)
b7 b b5 b b3 b2 bl bt
e Symbol Address After Reset
XIX[2[ [ Jo[ [ | Apcom 03D71s 0016
: Bit Symbol Bit Name Function RW
HE AID Sweep Pin Invalid in repeat mode RW
. . SCANO | select Bit
Vo e RW
H AID Operation Mode 0 : Any mode other than repeat sweep
A MD2 | Select Bit 1 mode 1 RW
e 8/10-Bit Mode Select Bit |0 : 8-bit mode
H BITS 1 : 10-bit mode RW
P T CKS1  |Frequency Select Bit1 | Referto Table 15.2 RW
. e TR ILILILEE. VCUT Vref connect bit @ 1 : Vref connected RW
_______________________ Nothing is assigned. When write, set to “0”. _
(b7-b6) When read, its content is “0”.
NOTES:
1. If the ADCONL register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. If the VCUT bit is reset from “0” (Vref unconnected) to “1” (Vref connected), wait for 1 us or more before starting
A/D conversion.
A/D Control Register 2 1)
D7 D6 5 b4 b3 b2 b1 b0 Symbol Address After Reset
0 | | 0 | | ADCON2 03D416 0016
A Bit Symbol Bit Name Function RW
P AID Conversion Method 0 : Without sample and hold
SMP Select Bit 1 : With sample and hold RW
H : H b2 b1
o ADGSELO | A/D Input Group Select | 00 : Select port P10 group RW
I Bit 01: Do not set
. 10 : Select port PO group
o ADGSEL1 11 : Select port P1/P9 group RwW
H : a Reserved Bit Set to “0” RW
CKS?2 Frequency Select Bit 2 See Table 15.2 RW
N TRG1L Trigger Select Bit 1 Set to "0" in repeat mode RW
Nothing is assigned. When write, set to “0". .
"""""""""""""" (b7-b6) When read, its content is “0”.
NOTES:
1. If the ADCONZ2 register is rewritten during A/D conversion, the conversion result will be indeterminate.

Figure 15.9 ADCONO to ADCON2 Registers in Repeat Mode
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M16C/28 Group (M16C/28, M16C/28B) 15. A/D Converter

15.1.3 Single Sweep Mode
In single sweep mode, analog voltages applied to the selected pins are converted one-by-one to a digital
code. Table 15.5 shows the single sweep mode specifications. Figure 15.10 shows the operation ex-
ample in single sweep mode. Figure 15.11 shows the ADCONO to ADCONZ2 registers in single sweep
mode.

Table 15.5 Single Sweep Mode Specifications

ltem Specification
Function The SCAN1 to SCANO bits in the ADCONL1 register and the ADGSEL1 to
ADGSELDO bits in the ADCONZ2 register select pins. Analog voltage applied to
the selected pins is converted one-by-one to a digital code
AID Conversion Start Condition |* When the TRG bit in the ADCONO register is “0” (software trigger)
Set the ADST bit in the ADCONO register to “1” (A/D conversion started)
* When the TRG bit in the ADCONO register is “1” (hardware trigger)
The ADTRG pin input changes state from “H” to “L” after setting the ADST bit
to “1” (A/D conversion started)
AID Conversion Stop Condition [» A/D conversion completed(When selecting a software trigger, the ADST bit
is set to “0” (A/D conversion halted)).
* Set the ADST bit to “0”
Interrupt Request Generation Timing| A/D conversion completed
Analog Input Pin Select from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to ANs5 (6 pins),
ANo to AN7 (8 pins) @
Readout of AID Conversion Result | Readout one of the ADO to AD7 registers that corresponds to the selected pin
NOTES:
1. ANOo to ANO7 and AN 2 to AN27 can be used in the same way as ANo to AN7. However, all input pins
need to belong to the same group.

*Example when selecting ANo to AN3 to A/D sweep pins (SCAN1 to SCAN0="012")

I:l A/D pin input voltage

A/D conversion started 1 Sjgzlil: ?;onversion

ANo ||

AN1
AN2
AN3

AN4 *

ANs A/D interrupt request generated
ANs

AN7

Figure 15.10 Operation Example in Single Sweep Mode
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M16C/28 Group (M16C/28, M16C/28B)

15. A/D Converter

A/D Control Register 0 (1)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
LI fefof [ [ ] Abcomo 03D61s 00000XXX2
: : Bit Symbol Bit Name Function RW
Analog Input Pin Invalid in single sweep mode
: P CHO I'select it RW
S R N CH1 RW
: CH2 RW
: VDo - 453 RW
A/D Operation Mode 10 : Single sweep mode or simultaneous |~
MD1 Select Bit 0 sample sweep mode RW
T TRG Trigger Select Bit 0 : Software trigger ) RW
1: Hardware trigger (AD TRG trigger)
_______________________ ADST A/D Conversion Start 0 : A/D conversion disabled RW
Flag 1: A/D conversion started
CKSO0 Frequency Select Bit 0 Refer to Table 15.2 RW
NOTES:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
A/D Control Register 1 (1)
b7 b6 b5 b4 b3 b2 bl bo
> 4 : Symbol Address After Reset
XIX[x] [ Jof [ ] Abcom 03D716 0016
[ Bit Symbol Bit Name Function RW
P A/D Sweep Pin When selecting single sweep mode RW
[ SCANO SelectBit b1b0
: elect Bil 00 : ANo to AN1 (2 pins)
: 01 :ANo to AN3 (4 pins) 1
' 10 : ANo to ANs (6 pins)
H SCAN1 11 : ANo to AN7 (8 pins) RW
: A/D Operation Mode 0 : Any mode other than repeat sweep
MDb2 Select Bit 1 mode 1 RW
: 8/10-Bit Mode Select Bit |0 : 8-bit mode
. BITS 1: 10-bit mode RW
i """""""" CKs1 Frequency Select Bit 1 | Refer to Table 15.2 RW
: veuTt Vref Connect Bit (3) 1: Vref connected RW
Nothing is assigned. When write, set to “0". _
(b7-b6) | When read, its content is “0”.

NOTES:

A/D conversion.

A/D Control Register 2 (1)

b7 b6 bS5 b4 b3 b2 bl bo

1. If the ADCONL register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. ANOo to ANO7 and AN20 to AN27 can be used in the same way as AN 0 to AN7. Use the ADGSEL1 to ADGSELDO bits in the

ADCONZ2 register to select the desired pin.
3. If the VCUT bit is reset from “0” (Vref unconnected) to “1” (Vref connected), wait for 1 ps or more before starting

Symbol Address After Reset
|><I><| 0 | | 0 | | | | ADCON2 03D416 0016

: . Bit Symbol Bit Name Function RW
HE SMP AID Conversion Method 0 : Without sample and hold RW
Select Bit 1 : With sample and hold
i : . b2 bl
: e ADGSELO | A/D Input Group 00 : Select port P10 group RW
Select Bit 01: Do not set
H . 10 : Select port PO group
ADGSELL 11 : Select port P1/P9 group RW
emeneneees (©3) Reserved Bit Set to “0” RW
CKS2 Frequency Select Bit 2 Refer to Table 15.2 RW
A TRG1 Trigger Select Bit 1 Set to "0" in single sweep mode RW

Nothing is assigned. When write, set to “0". _

(b7-b6) When read, its content is “0”.

NOTES:
1. If the ADCONZ2 register is rewritten during A/D conversion, the conversion result will be indeterminate.

Figure 15.11 ADCONO to ADCONZ2 Registers in Single Sweep Mode
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M16C/28 Group (M16C/28, M16C/28B) 15. A/D Converter

15.1.4 Repeat Sweep Mode 0
In repeat sweep mode 0, analog voltages applied to the selected pins are repeatedly converted to a
digital code. Table 15.6 shows the repeat sweep mode 0 specifications. Figure 15.12 shows the opera-
tion example in repeat sweep mode 0. Figure 15.13 shows the ADCONO to ADCONZ2 registers in repeat
sweep mode 0.

Table 15.6 Repeat Sweep Mode 0 Specifications

Item Specification

Function The SCAN1 to SCANO bits in the ADCONL1 register and the ADGSEL1 to
ADGSELDO bits in the ADCON2 register select pins. Analog voltage applied to
the selected pins is repeatedly converted to a digital code
AID Conversion Start Condition |« When the TRG bit in the ADCONO register is “0” (software trigger)

Set the ADST bit in the ADCONO register to “1” (A/D conversion started)
» When the TRG bit in the ADCONO register is “1” (Hardware trigger)

The ADTRG pin input changes state from “H” to “L” after setting the ADST bit

to “1” (A/D conversion started)
AID Conversion Stop Condition |Set the ADST bit to “0” (A/D conversion halted)
Interrupt Request Generation Timing|None generated
Analog Input Pin Select from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to AN5 (6 pins),
ANo to AN7 (8 pins) @)
Readout of A/ID Conversion Result  |Readout one of the ADO to AD7 registers that corresponds to the selected pin
NOTES:
1. ANOo to ANO7 and AN20 to AN27 can be used in the same way as ANo to AN7. However, all input pins

need to belong to the same group.

*Example when selecting ANo to AN3 to A/D sweep pins (SCAN1 to SCAN0="012")

A/D pin input voltage
A/D conversion started I:l samSIing : o

* [ A/ pin conversion

ANo |

AN1 | _
AN2 | N
ANs

ANa4
ANs
ANe
AN7

Figure 15.12 Operation Example in Repeat Sweep Mode 0
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M16C/28 Group (M16C/28, M16C/28B) 15. A/D Converter

A/D Control Register 0 )

b7 b6 bS b4 b3 b2 bl b0

Symbol Address After Reset
LITTefel T T T Aocono 03D616 00000XXX2
: Bit Symbol Bit Name Function RW
. N Analog Input Pin Invalid in repeat sweep mode 0
A CHO | 'select Bit RW
: (E— CH1 RW
CH2 RW
N Tt
MDO A/D Operation Mode 11 : Repeat sweep mode 0 or | RW]|
MD1 Select Bit 0 Repeat sweep mode 1 RW
: TRG Trigger Select Bit 0 : Software trigger
H 1: Hardware trigger (ADTRG trigger) RW
ADST A/D Conversion Start 0 : A/D conversion disabled RW
H Flag 1: A/D conversion started
L CKSO | Frequency SelectBit0 | Refer to Table 15.2 RW
NOTES:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
A/D Control Register 1 (1)
b7 b6 b5 b4 b3 b2 bl b
e R e Symbol Address After Reset
XOEIR | Abcont 03D716 0016
. Bit Symbol Bit Name Function RW
: A/D Sweep Pin When selecting repeat sweep mode 0 RW
HE SCANO | selectBit (@ 5160 )
H 00 : ANo to AN1 (2 pins)
01:ANo to AN3 (4 pins) 1
10 : ANo to AN5 (6 pins)
SCAN1 11 : ANo to AN7 (8 pins) RW
A/D Operation Mode 0 : Any mode other than repeat sweep
MD2  |Select Bit 1 mode 1 RW
8/10-Bit Mode Select Bit |0 : 8-bit mode
BITS 1: 10-bit mode RW
CKS1 Frequency Select Bit1 | Refer to Table 15.2 RW
VCUT Vref Connect Bit (3 1: Vref connected RW
Nothing is assigned. When write, set to “0”. _
(b7-b6) When read, its content is “0”.

NOTES:
1. If the ADCONL1 register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. ANOo to ANO7 and AN20 to AN27 can be used in the same way as AN o0 to AN7 . Use the ADGSEL1 to ADGSETO bits in
the ADCON2 register to select the desired pin.
3. If the VCUT bit is reset from “0” (Vref unconnected) to “1” (Vref connected), wait for 1 ps or more before starting
A/D conversion.

A/D Control Register 2 (1)

b7 b6 bS5 b4 b3 b2 bl bO

Symbol Address After Reset

0 | | 0 | ADCON2 03D416 0016
oror bbb Bit Symbol Bit Name Function RW
A A/D Conversion Method 0 : Without sample and hold
SMP Select Bit 1 : With sample and hold RW
oo b2 b1
oo ADGSELO | A/D Input Group 00 : Select port P10 group RW
oo Select Bit 01 : Do not set
H 10 : Select port PO group
A ADGSEL1 11 : Select port P1/P9 group RW
: : Leemenees ®3) Reserved Bit Setto “0” RW
Lo : CKS2 Frequency Select Bit 2 Refer to Table 15.2 RW
A —— TRG1 Trigger Select Bit 1 Set to "0" in repeat sweep mode 0 RW
— Nothing is assigned. When write, set to “0”. _
) (b7-b6) When read, its content is “0”.

NOTES:
1. If the ADCONZ2 register is rewritten during A/D conversion, the conversion result will be indeterminate.

Figure 15.13 ADCONO to ADCONZ2 Registers in Repeat Sweep Mode 0
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M16C/28 Group (M16C/28, M16C/28B)

15. A/D Converter

15.1.5 Repeat Sweep Mode 1

In repeat sweep mode 1, analog voltage is applied to the all selected pins are converted to a digital code,
with mainly used in the selected pins. Table 15.7 shows the repeat sweep mode 1 specifications. Figure
15.14 shows the operation example in repeat sweep mode 1. Figure 15.15 shows the ADCONO to

ADCONZ2 registers in repeat sweep mode 1.

Table 15.7 Repeat Sweep Mode 1 Specifications

ltem Specification

Function

Example : When selecting ANo

The SCAN1 to SCANO bits in the ADCONL1 register and the ADGSELL1 to
ADGSELDO bits in the ADCON2 register mainly select pins. Analog voltage
applied to the all selected pins is repeatedly converted to a digital code

Analog voltage is converted to a digital code in the following order
ANo — AN1 — ANo — AN2 — ANo — AN3, and so on.

A/D Conversion Start Condition

to “1” (A/D conversion started)

« When the TRG bit in the ADCONO register is “0” (software trigger)
Set the ADST bit in the ADCONO register to “1” (A/D conversion started)
* When the TRG bit in the ADCONO register is “1” (hardware trigger)
The ADTRG pin input changes state from “H” to “L” after setting the ADST bit

AID Conversion Stop Condition

Set the ADST bit to “0” (A/D conversion halted)

Interrupt Request Generation Timing

None generated

Analog Input Pins Mainly

Select from ANo (1 pins), ANo to AN1 (2 pins), ANo to AN2 (3 pins), ANo to

Used in A/D Conversions |AN3 (4 pins) )

Readout of A/D Conversion Result| Readout one of the ADO to AD7 registers that corresponds to the selected pin

NOTES:

1. ANOo to ANO7 and AN20 to AN27 can be used in the same way as ANo to AN7. However, all input pins

need to belong to the same group.

*Example when selecting ANo to A/D sweep pins (SCAN1 to SCAN0="002")

AJD conversion started

\

I:l A/D pin input voltage
sampling

:' AID pin conversion

ano [ N e e e I e O

AN1 |
AN2
AN3
AN4
ANs
ANe
AN7

Figure 15.14 Operation Example in Repeat Sweep Mode 1
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M16C/28 Group (M16C/28, M16C/28B)

15. A/D Converter

A/D Control Register 0 (1)
b b6 b b b: b
e B e Symbol Address After Reset
[1Ja] [ [ ] Abcono ozpes 00000XXX2
oo b | Bit Symbol Bit Name Function RW
[ R A A Analog Input Pin Invalid in repeat sweep mode 1
: P CHO | Select it RwW
Pk cH1 RW
L—— CH2 RW
E N bab3
E pooTTT MDO A/D Ope_ratlon Mode 11 : Repeat sweep mode 0 or M
i MD1 Select Bit 0 Repeat sweep mode 1 RW
Trigger Select Bit 0 : Software trigger ]
------------------- TRG 1 : Hardware trigger (AD TRG trigger) RW
ADST AID Conversion Start 0 : A/D conversion disabled RW
Flag 1: A/D conversion started
CKS0 Frequency Select Bit 0 Refer to Table 15.2 RW
NOTES:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
A/D Control register 1 (1)
b b6 b b4 b3 b2 bl bo
Z — : Symbol Address After Reset
1 [ [a] [ ] Abcont o03D7ss 00 16
H Bit Symbol Bit Name Function RW
A/D Sweep Pin When selecting repeat sweep mode 1 RW
H SCANO Select Bit @ b1b0
H H 00 : ANo (1 pin)
Lo 01:ANoto AN1 (2 pins) —
S 10 : ANo to AN2 (3 pins)
Pl SCANL 11:ANoto AN3 (4 pins) RW
: A/D Operation Mode 1: Repeat sweep mode 1
MD2 Select Bit 1 RW
I 8/10-Bit Mode Select Bit |0 : 8-bit mode
. BITS 1 10-bit mode RW
i """""""" CKS1 Frequency Select Bit 1 Refer to Table 15.2 RW
[T —— VCUT Vref Connect Bit ® 1: Vref connected RW
__________________________ - Nothing is assigned. When write, set to “0”". _
(b7-b6) When read, its content is “0".
1. If the ADCONL register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. ANOo to ANO7 and AN20 to AN27 can be used in the same way as AN 0 to AN7 .
Use the ADGSEL1 to ADGSELO bits in the ADCON2 register to select the desired pin.
3. If the VCUT bit is reset from “0” (Vref unconnected) to “1” (Vref connected), wait for 1 us or more before
starting A/D conversion.
A/D Control Register 2 (1)
b7 D6 S b4 b3 b2 b1 b0 Symbol Address After Reset
0 | | 0 | ADCON2 03D416 0016
Bit Symbol Bit Name Function RW
A SMP A/D Conversion Method 0 : Without sample and hold RW
Select Bit 1 : With sample and hold
H b2 bl
HE ADGSELO | A/D Input Group 00 : Select port P10 group RW
Select Bit 01: Do not set
Vo 1 0: Select port PO group
ADGSEL1 11: Select port P1/P9 group RW
. E Reserved Bit Set to “0” RW
CKS2 Frequency Select Bit2 | Refer to Table 15.2 RW
TRG1 Trigger Select Bit 1 Set to "0" in repeat sweep mode 1 RW
Nothing is assigned. When write, set to “0". _
(b7-b6) When read, its content is “0”.
NOTES:
1. If the ADCONZ2 register is rewritten during A/D conversion, the conversion result will be indeterminate.

Figure 15.15 ADCONO to ADCONZ2 Registers in Repeat Sweep Mode 1
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M16C/28 Group (M16C/28, M16C/28B)

15. A/D Converter

15.1.6 Simultaneous Sample Sweep Mode
In simultaneous sample sweep mode, analog voltages applied to the selected pins are converted one-by-
one to a digital code. The input voltages of ANO and AN1 are sampled simultaneously using two circuits
of sample and hold circuit. Table 15.8 shows the simultaneous sample sweep mode specifications. Fig-
ure 15.16 shows the operation example in simultaneous sample sweep mode. Figure 15.17 shows
ADCONO to ADCONB2 registers and Figure 15.18 shows ADTRGCON registers in simultaneous sample
sweep mode. Table 15.9 shows the trigger select bit setting in simultaneous sample sweep mode. In
simultaneous sample sweep mode, Timer BO underflow can be selected as a trigger by combining soft-
ware trigger, ADTRG trigger, Timer B2 underflow, Timer B2 interrupt generation frequency setting counter
underflow or A/D trigger mode of Timer B.

Table 15.8 Simultaneous Sample Sweep Mode Specifications

Iltem Specification

Function

The SCANL1 to SCANO bits in the ADCONL1 register and ADGSELL1 to
ADGSELDO bits in the ADCON2 register select pins. Analog voltage applied
to the selected pins is converted one-by-one to a digital code. At this time,
the input voltage of ANo and AN1 are sampled simultaneously.

A/D Conversion Start Condition

bit to “1” (A/D conversion started)

When the TRG bit in the ADCONO register is "0" (software trigger)
Set the ADST bit in the ADCONO register to “1” (A/D conversion started)
When the TRG bit in the ADCONO register is "1" (hardware trigger)
The trigger is selected by TRG1 and HPTRGO bits (See Table 15.9)
The ADTRG pin input changes state from “H" to “L” after setting the ADST

Timer BO, B2 or Timer B2 interrupt generation frequency setting counter
underflow after setting the ADST bit to “1” (A/D conversion started)

A/D Conversion Stop Condition

automatically set to "0").
Set the ADST bit to "0" (A/D conversion halted)

A/D conversion completed (If selecting software trigger, the ADST bit is

Interrupt Generation Timing A/D conversion completed

Analog Input Pin

ANo to AN7 (8 pins) ()

Select from ANo to AN1 (2 pins), ANo to AN3 (4 pins),ANo to ANs (6 pins), or

Readout of A/D conversion result

Readout one of the ANO to AN7 registers that corresponds to the selected pin

NOTES:

1. ANOo to ANO7 and AN20 to AN27 can be used in the same way as ANo to AN7. However, all input pins
need to belong to the same group.

*Example when selecting ANo to AN3 to A/D pins for sweep (SCAN1 to SCANO0="012")

D A/D pin input voltage
A/D conversion started sampling

+ |:| A/D pin conversion

ANo
AN1 |
AN2 | |

AN3

ANa4 +

ANs A/D interrupt request generated
ANe

AN7

Figure 15.16 Operation Example in Simultaneous Sample Sweep Mode
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A/D Control Register 0 (1)
b b6 b b4 b3 b2 bl b
B e e Symbol Address After Reset
LLIT Tafof T 1] Abcono 03D616 00000XXX2
H Bit Symbol Bit Name Function RW
Analog Input Pin Invalid in simultaneous sample sweep mode
CcHo Select Bit RW
P e cH RW
CH2 RW
I MDo A/D Operation Mode 10 : Single sweep mode or simultaneous | RW|
P MD1 Select Bit 0 sample sweep mode RW
' Trigger Select Bit Refer to Table 15.9
e TRG RW
e ADST AID Conversion Start Fag | 0 : A/D conversion disabled RW
' 1: A/D conversion started
R CKSO0 Frequency Select Bit 0 Refer to Table 15.2 RW
NOTES:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
A/D Control Register 1 (1)
Dy o bt b3 b2 bl bo Symbol Address After Reset
DXIX[1] | Jof [ ] Abcom 03D716 0016
. H Bit Symbol Bit Name Function RW
o AID Sweep Pin When selecting simultaneous sample sweep RW
SCANO  |selectBit @ mode
00 : ANo to AN1 (2 pins) —
01:ANoto AN3 (4 pins)
SCAN1 10: ANo to ANs (6 pins) RW
11:ANoto AN7 (8 pins)
A/D Operation Mode 0 : Any mode other than repeat sweep
Mb2 Select Bit 1 mode 1 RW
8/10-Bit Mode Select Bit (0 : 8-bit mode
BITS 1: 10-bit mode RW
CKs1 Frequency Select Bit 1 | Refer to Table 15.2 RW
VCUT Vref Connect Bit (3) 1 : Vref connected RW
(tﬂje) Nothing is assigned. When write, set to "0". RW
When read, its contents is "0".
NOTES:
1. If the ADCON!1 register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. ANOo to ANO7 and AN20 to AN27 can be used in the same way as AN 0 to AN7. Use the ADGSEL1 to ADGSETO
its in the ADCONZ2 register to select the desired pin.
3. If the VCUT bit is reset from “0” (Vref unconnected) to “1” (Vref connected), wait for 1 us or more before starting
A/D conversion.
A/D Control Register 2 (1)
b7 D6 5 b4 b3 b2 b1 b0 Symbol Address After Reset
|><|><| | | 0 | | | 1 ADCON2 03D416 0016
[ A Bit Symbol Bit Name Function RW
: P A/D Conversion Method | Setto “1” in simultaneous sample
. SMP 3
Lo Select Bit sweep mode RW
[ b2 bl
HEE ADGSELO | A/D Input Group 00 : Select port P10 group RW
Select Bit 01: Do not set
R S 10 Select port PO group
ADGSELL 11: Select port P1/P9 group RW
R (3) Reserved Bit Set to “0” RW
CKS2 Frequency Select Bit 2 | Refer to Table 15.2 RW
i i Refer to Table 15.9
__________________ TRG1L Trigger select bit 1 RW
— Nothing is assigned. When write, set to “0”. J—
(b7-b6) When read, its content is “0”.
NOTES:
1. If the ADCONZ2 register is rewritten during A/D conversion, the conversion result will be indeterminate.

Figure 15.17 ADCONO to ADCON2 Registers in Simultaneous Sample Sweep Mode
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M16C/28 Group (M16C/28, M16C/28B) 15. A/D Converter

A/D Trigger Control Register 1)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
0 | |0 | 1 | ADTRGCON 03D216 0016
: ¢ov o 1 Bit Symbol Bit Name Function RW
A SSE A/D Operation Mode 1 : Simultaneous sample sweep mode
Select Bit 2 or delayed trigger mode 0, 1 RW
DTE A/D Operation Mode 0 : Any mode other than delayed trigger RW
Select Bit 3 mode 0,1
: I : : Refer to Table 15.9
S HPTRGo |ANO Trigger Select Bit RW
bbb HPTRG1 | AN1 Trigger Select Bit Set to "0" in simultaneous sample RW
HEH sweep mode
LJLJ ________________ —_ Nothing is assigned. When write, set to “0”. _
(b7-b4) When read, its content is “0”.

NOTES:
1. If ADTRGCON register is rewritten during A/D conversion, the conversion result will be indeterminate.

Figure 15.18 ADTRGCON Register in Simultaneous Sample Sweep Mode

Table 15.9 Trigger Select Bit Setting in Simultaneous Sample Sweep Mode

TRG TRG1 | HPTRGO TRIGGER
0 - - Software trigger
- 1 Timer BO underflow (1)
1 0 0 ADTRG
1 1 0 Timer B2 or Timer B2 interrupt generation frequency setting
counter underflow (2)
NOTES:

1. A count can be started for Timer B2, Timer B2 interrupt generation frequency
setting counter underflow or the INT5 pin falling edge as count start
conditions of Timer BO.

2. Select Timer B2 or Timer B2 interrupt generation frequency setting counter
using the TB2SEL bit in the TB2SC register.
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15.1.7 Delayed Trigger Mode O

In delayed trigger mode 0, analog voltages applied to the selected pins are converted one-by-one to a
digital code. The delayed trigger mode 0 used in combination with A/D trigger mode of Timer B. The
Timer BO underflow starts a single sweep conversion. After completing the ANo pin conversion, the AN1
pin is not sampled and converted until the Timer B1 underflow is generated. When the Timer B1 under-
flow is generated, the single sweep conversion is restarted with the AN1 pin. Table 15.10 shows the
delayed trigger mode O specifications. Figure 15.19 shows the operation example in delayed trigger
mode 0. Figures 15.20 and 15.21 show each flag operation in the ADSTATO register that corresponds to
the operation example. Figure 15.22 shows the ADCONO to ADCON2 registers in delayed trigger mode
0. Figure 15.23 shows the ADTRGCON register in delayed trigger mode 0 and Table 15.11 shows the
trigger select bit setting in delayed trigger mode 0.

Table 15.10 Delayed Trigger Mode 0 Specifications
Item Specification
Function The SCANL1 to SCANO bits in the ADCONL1 register and ADGSEL1 to ADGSELDO bits
in the ADCONZ2 register select pins. Analog voltage applied to the input voltage of
the selected pins are converted one-by-one to the digital code. At this time, Timer BO
underflow generation starts ANo pin conversion. Timer B1 underflow generation
starts conversion after the AN1 pin. (1)
A/D Conversion Start ANo pin conversion start condition
*When Timer BO underflow is generated if Timer BO underflow is generated again
before Timer B1 underflow is generated , the conversion is not affected
*When Timer BO underflow is generated during A/D conversion of pins after the
AN1 pin, conversion is halted and the sweep is restarted from the ANo pin again
ANL1 pin conversion start condition
*When Timer B1 underflow is generated during A/D conversion of the ANo pin, the
input voltage of the AN1 pin is sampled. The AN1 conversion and the rest of the

sweep start when ANo conversion is completed.

A/D Conversion Stop *When single sweep conversion from the ANo pin is completed
Condition «Set the ADST bit to "0" (A/D conversion halted)(?)
Interrupt Request A/D conversion completed

Generation Timing
Analog Input Pin Select from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to ANs5 (6 pins)
and ANo to AN7 (8 pins)®)

Readout of A/D Conversion Result | Readout one of the ANO to AN7 registers that corresponds to the selected
pins

NOTES:
1. Set the larger value than the value of the timer BO register to the timer B1 register. The count source for
timer BO and timer B1 must be the same.
2. Do not write “1” (A/D conversion started) to the ADST bit in delayed trigger mode 0. When write “1”,
unexpected interrupts may be generated.
3. ANOo to ANO7 and AN20 to AN27 can be used in the same way as ANo to AN7. However, all input pins
need to belong to the same group.
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*Example when selecting ANo to AN3 to A/D sweep pins (SCAN1 to SCAN0="012")

*Example 1: When Timer B1 underflow is generated during ANo pin conversion |:| A/D pin input
voltage sampling
Timer BO underflow A/D pin conversion

Timer B1 underflow

ANo
AN1 L]

AN2
AN3 | |

*Example 2: When Timer B1 underflow is generated after ANo pin conversion

Timer BO underflow

\
Ano T 1 T

AN2

AN3 _I_I

Timer B1 underflow

*Example 3: When Timer BO underflow is generated during A/D conversion of any pins except ANo pin

Timer BO underflow Timer BO “”de'ﬂ‘_"” .
(Abort othrt pins conversion)
+ Timer B1 underflow Timer B1 under flow

ANo + +
AN1 |_|_ | |

AN2 |

AN3 _l_l

«Example 4: When Timer BO underflow is generated again before Timer B1 underflow is generated
after Timer BO underflow generation

Timer BO underflow ~ Timrt BO underflow

An interrupt does not affect A/D conversion)
Timer B1 underflow

ano 1]

AN1

AN2 |

AN3 _l_l

Figure 15.19 Operation Example in Delayed Trigger Mode 0
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15. A/D Converter

Timer BO underflow

*Example when selecting ANo to AN3 to A/D sweep pins (SCAN1 to SCAN0="012")

*Example 1: When Timer B1 underflow is generated during ANo pin conversion

Timer B1 underflow

IR bit in the ADIC -

L

\

ANo |

AN1 | |_|

ANz | { |

ANs | 3 |
ADST flag N ‘ : f

o :\I:Do not set to 1" by program !_
ADERRO flag 't | ; ;

(R s 1
ADERRLflag ¥ |

0 T i | 0

ADTCSF flag EU ‘ ‘

OJ\ : : : .
ADSTTOflag v ﬁ

"o ! : I [ I
ADSTTiflag "1 | — !

"o i : 1 T :
ADSTRTO flag "t 1 - =il

o | H Set to “0" by program i
ADSTRT1flag v’ ! N

o ; L

register "0

T

Set to "0" by an intel

imer BO underflow

N

rrupt request acknowledgement or a program

Example 2: When Timer B1 underflow is generated after ANo pin conversion

IR bit in the ADIC "1

V Tw{ner B1 underflow

ANo | A

ANL ; |

AN: | L

AN3 | | 3 ; |
ADST flag SO ‘ , :

. _l‘\ | | i |

0 i Do not set to "1" by program H : :
ADERRO flag ~ "*" ! : | i |

0 T T T T T
ADERRL flag O '

T ’ : : : :
ADTCSF flag " T ' : "

o ! : ! : L
ADSTTO flag 1_,—| i (

o I 1 I 1 1 i
ADSTT1 flag 1 | | |—|

o i : : ‘ ]
ADSTRTO flag "1 ! - - L - |_

o i H Set to "0" by program /:'
ADSTRTI1 flag 1 ; ~a

. ; =L

register "0

ADST flag: Bit 6 in the ADCONO register
ADERRO. ADERR1. ADTCSF. ADSTT0. ADSTT1. ADSTRTO and ADSTRT1 flaa: bits 0. 1. 3. 4. 5. 6 and 7 in the ADSTATO reaister

Set to "0" by an interrupt request acknowledgement or a program

I:‘ A/D pin input
voltage sampling

A/D pin conversion

Figure 15.20 Each Flag Operation in ADSTATO Register Associated with the Operation
Example in Delayed Trigger Mode 0 (1)
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ADST flag
ADERRO flag
ADERR1 flag
ADTCSF flag
ADSTTO flag
ADSTT1 flag
ADSTRTO flag

ADSTRT1 flag

register

ADST flag
ADERRO flag
ADERRL flag
ADTCSF flag
ADSTTO flag
ADSTTL1 flag
ADSTRTO flag

ADSTRT1 flag

register

IR bit in the ADIC1"

IR bit in the ADIC

«Example 3: When Timer BO underflow is generated during A/D pin conversion of any pins except ANo pin

Timer BO underflow

\

Timer B1 underflow

ANo

Timer BO underflow
(Abort othrt pins conversion )

\

Timer B1 underflow

AN1 |
ANz
ANs |

T

H

B

Do not set to "1" by prog

am

o—

'
'
'
T
'
|
I
L
|
|
|
|
I
|

'
'
'
'
'
'
'
'
l
l
'
I
L
|
I
I
I
|
I
I
|
|
I
|
|
I
|
|
L
I
|

Set to "0" by program

T
I
|
I
I
|
I
I
|
|
I
|
|
I
I
|
T
'

ADST flag: Bit 6 in the ADCONO register
ADERRO, ADERR1, ADTCSF, ADSTTO, ADSTT1, ADSTRTO and ADSTRTL1 flag: bits 0, 1, 3,4, 5, 6 and 7 in the ADSTATO register

'
. . I '

Set to "0" by interrupt request acknowledgement or a program |
| | '

'

*Example 4: After Timer BO underflow is generated and when Timer BO underflow is generated again
before Timer B1 underflow is genetaed

Timer BO underflow

v

ANo |

Timrt BO underflow
‘An interrupt does not affect A/D conversion)
Timer B1 underflow

AN1
AN2
AN3

Do not set to "1" by prog

am

'
'
'
'
'
'
'
'
'
'
'
'
'

T
'
'
'
'
'
'
'
L
[
'
'
'
'
'
|
'

Set to "0"Iby program

Set to "0" by interrupt request acknowledgement or a program

ADST flag: Bit 6 in the ADCONO register
ADERRO. ADERR1. ADTCSF. ADSTTO. ADSTT1. ADSTRTO and ADSTRT1 flaa: bits 0. 1. 3. 4. 5. 6 and 7 in the ADSTATO reaister

[

A/D pin input
voltage sampling
A/D pin conversion

A/D pin input
voltage sampling
A/D pin conversion

Figure 15.21 Each Flag Operation in ADSTATO Register Associated with the Operation
Example in Delayed Trigger Mode 0 (2)
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A/D Control Register 0 ®
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address After Reset
[ofofofa]1]1]  Abcono 03D616 00000XXX2
P 44| Bit Symbol Bit Name Function RW
A CHO égfggtgéﬂpm Pin b12b11b; : Set to "111b" in delayed trigger RW
N mode 0
CH1 RW
: CH2 RW
H . b4 b3
[ MDo élllj Opg_ra(;lon Mode 0 0 : One-shot mode or delayed trigger mode M
Pt MD1 elect Bit 01 RW
L TRG Trigger Select Bit Refer to Table 15.11 RW
_______________________ ADST AID Conversion Start 0 : A/D conversion disabled RW
H Flag @ 1: A/D conversion started
R CKSO0 Frequency Select Bit 0 Refer to Table 15.2 RW
NOTES:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. Do not write “1” in delayed trigger mode 0. When write, set to "0".
A/D Control Register 1 ®
e T T Symbol Address After Reset
i [Jo] [ ] Abcome 03D716 0016
: 11| Bit Symbol Bit Name Function RW
AID Sweep Pin When selecting delayed trigger sweep mode 0 | RW
H i 7| SCANO | selectBit (2) b10
0 0: ANo to AN1 (2 pins)
H H 0 1: ANo to AN3 (4 pins)
- SCAN1 10: ANo to ANs (6 p!ns) RW
H 1 1: ANo to AN7 (8 pins)
A/D Operation Mode 0 : Any mode other than repeat sweep
oo T Mb2 Select Bit 1 mode 1 Rw
. 8/10-Bit Mode Select Bit |0 : 8-bit mode
Pl BITS 1 10-bit mode RW
' CKSs1 Frequency Select Bit1 | Refer to Table 15.2 RW
: vCcuT Vref Connect Bit @) 1: Vref connected RW
J— Nothing is assigned. When write, set to “0”. _
(b7-b6) | when read, its content is “0".
NOTES:
1. If the ADCONLI register is rewritten during A/D conversion, the conversion result will be indeterminate.
2.ANOo to ANO7 and AN20 to AN27 can be used in the same way as AN o to AN7. Use the ADGSEL1 to ADGSELO
bits in the ADCON2 register to select the desired pin.
3.If the VCUT bit is reset from “0” (Vref unconnected) to “1” (Vref connected), wait for 1 ps or more before starting
AID conversion.
A/D Control Register 2 @
D7 D6 bS5 b4 b3 b2 b1 bO Symbol Address After Reset
0| | 0 | | | 1 | ADCON2 03D416 0016
H Bit Symbol Bit Name Function RW
HE A/D Conversion Method ;
HE SMP A 1: With I hol
P Select Bit @ ith sample and hold RW
. b2 b1
I ADGSELO | A/D Input Group 00 : Select port P10 group RW
Select Bit 01: Do not set
Vo] 10: Select port PO group
ADGSELL 11 : Select port P1/P9 group RW
Dot @ Reserved Bit Set to “0” RW
[ CKS2 Frequency Select Bit 2 Refer to Table 15.2 RW
TRG1 Trigger Select Bit 1 Refer to Table 15.11 RW
Nothing is assigned. When write, set to “0". _
(b7-b6) When read, its content is “0”.
NOTES:
1. If the ADCONZ2 register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. Set to “1” in delayed trigger mode 0.

Figure 15.22 ADCONO to ADCONZ2 Registers in Delayed Trigger Mode O
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A/D Trigger Control Register®

b7 b6 bS5 b4 b3 b2 bl b0

DDA 2 [ 22 ] 1]

NOTES:

Symbol Address After Reset
ADTRGCON 03D216 0016
Bit Symbol Bit Name Function RW
: L SSE A/D ope_ration Mode Simultane_ous sample sweep mode or RW
! Select Bit 2 delayed trigger mode 0,1
P DTE A/D Operation Mode Delayed trigger mode 0, 1 RW
: Select Bit 3
I HPTRGO |ANO Trigger Select Bit Refer to Table 15.11 RW
____________ HPTRG1 | ANL Trigger Select Bit Refer to Table 15.11 RW
_____________ Nothing is assigned. When write, set to “0”". _
(b7-b4) When read, its content is “0".

1. If ADTRGCON reigster is rewritten during A/D conversion, the conversion result will be indeterminate.

Figure 15.23 ADTRGCON Register in Delayed Trigger Mode 0

Table 15.11 Trigger Select Bit Setting in Delayed Trigger Mode 0

TRG TRG1 HPTRGO | HPTRG1 Trigger
0 0 1 1 Timer BO, B1 underflow
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15.1.8 Delayed Trigger Mode 1

In delayed trigger mode 1, analog voltages applied to the selected pins are converted one-by-one to a
digital code. When the input of the ADTRG pin (falling edge) changes state from “H” to “L”, a single sweep
conversion is started. After completing the ANo pin conversion, the AN1 pin is not sampled and converted
until the second ADTRG pin falling edge is generated. When the second ADTRG falling edge is generated,
The single sweep conversion of the pins after the AN1 pin is restarted. Table 15.12 shows the delayed
trigger mode 1 specifications. Figure 15.24 shows the operation example of delayed trigger mode 1.
Figures 15.25 and 15.26 show each flag operation in the ADSTATO register that corresponds to the
operation example. Figure 15.27 shows the ADCONO to ADCON2 registers in delayed trigger mode 1.
Figure 15.28 shows the ADTRGCON register in delayed trigger mode 1. Table 15.13 shows the trigger
select bit setting in delayed trigger mode 1.

Table 15.12 Delayed Trigger Mode 1 Specifications

ltem Specification
Function The SCAN1 to SCANO bits in the ADCON1 register and ADGSEL1 to ADGSELO
bits in the ADCONZ2 register select pins. Analog voltages applied to the selected

pins are converted one-by-one to a digital code. At this time, the ADTRG pin

falling edge starts ANo pin conversion and the second ADTRG pin falling edge
starts conversion of the pins after AN1 pin

A/D Conversion Start ANo pin conversion start condition

Condition The ADTRG pin input changes state from “H” to “L” (falling edge) )

ANz pin conversion start condition (2)

The ADTRG pin input changes state from “H” to “L” (falling edge)

*When the second ADTRG pin falling edge is generated during A/D conversion of
the ANo pin, input voltage of AN1 pin is sampled or after at the time of ADTRG
falling edge. The conversion of AN1 and the rest of the sweep starts when ANo
conversion is completed.

*When the ADTRG pin falling edge is generated again during single sweep

conversion of pins after the AN1 pin, the conversion is not affected

A/D Conversion Stop *A/D conversion completed
Condition «Set the ADST bit to "0" (A/D conversion halted) ()
Interrupt Request Single sweep conversion completed

Generation Timing
Analog Input Pin Select from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to AN5 (6 pins)
and ANo to AN7 (8 pins) (4

Readout of A/D Conversion Result |Readout one of the ANO to AN7 registers that corresponds to the selected pins

NOTES:

1. Do not generate the next ADTRG pin falling edge after the AN1 pin conversion is started until all se-
lected pins complete A/D conversion. When an ADTRG pin falling edge is generated again during A/D
conversion, its trigger is ignored. The falling edge of ADTRG pin, which was input after all selected pins
complete A/D conversion, is considered to be the next ANO pin conversion start condition.

2. The ADTRG pin falling edge is detected synchronized with the operation clock fAD. Therefore, when the
ADTRG pin falling edge is generated in shorter periods than fAD, the second ADTRG pin falling edge
may not be detected. Do not generate the ADTRG pin falling edge in shorter periods than fAD.

3. Do not write “1” (A/D conversion started) to the ADST bit in delayed trigger mode 1. When write
“1”,unexpected interrupts may be generated.

4. ANOo to ANO7 and AN20 to AN27 can be used in the same way as ANo to AN7. However, all input pins
need to belong to the same group.
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ANo

Example when selecting ANo to AN3 to A/D sweep pins (SCAN1 to SCANO="012")

«Example 1: When ADrrec pin falling edge is generated during ANo pin conversion I:' A/D pin input

ADrtra pin input

AN1
AN2
AN3

ADrra pin input %

L]

L

«Example 2: When ADTrec pin falling edge is generated again after ANo pin conversion

-

voltage sampling

I:l A/D pin conversion

AN1
AN2
AN3

ADrtre pin input }

ao O]

e —

«Example 3: When ADrrec pin falling edge is generated more than two times after ANo pin conversion

BRI

L]

RiR

AN1
AN2
AN3

ano L]

T ]

(invalid)

(valid after single sweep conversion)

L]

[

Figure 15.24 Operation Example in Delayed Trigger Model
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«Example when selecting ANo to AN3 to A/D sweep pins (SCAN1 to SCAN0="012")

*Example 1: When ADtrec pin falling edge is generated during ANo pin conversion

ADrre pin input A/D pin input .
voltage sampling

' ' I:lA/D pin conversion
| ‘
‘

ANo i
AN1

[

ADSTTO flag

ANz L [ | |
ANz | 1 ! ._l
ADST flag " ‘ ; : : I—‘
"0"4\00 not set'to "1 by program !
ADERROflag ~ 1* | ‘ : ‘ |
W 1
ADERR1 flag A 1 :
ot ! : 1
ADTCSF flag ‘ 1 ! |

ADSTRT1 flag

1
[0)
1
"0
ADSTT1 flag "1 ! '
ot
ADSTRTOflag 1+ 1 B
"0" T 3 i Set to "0" by program /
1 I f
. I
I

IR bitin the ADIC-
register B

| =
i 5
| /

Set to "0" by interrupt request acknow edgement or a program

*Example 2: When ADrre pin falling edge is generated again after ANo pin conversion

ADrtra pin input l %

ADSTRTO flag

AN1 ‘ ! .
ANz | 3 : B |
ANz | } : : [ |
ADST flag T : ‘
o \\ Do not sel‘tn "1" by prog‘ram 3 :
ADERRO flag R ! i ! !
r— : ‘ ; ;
ADERRL flag L | ! : :
v — j : : |
ADTCSFflag "1+ | ; ‘ 1
oJ | ! 1 I—‘
ADSTTO flag oy _,—‘ !
"o i : 1 1
ADSTT1 flag npe | |—| !
"o L !

Set to "0" by program /I_

ADSTRTI flag

IR bit in the ADIC -1~
register

I
™l
I
I
Set to "0" by interrupt request acknow edgment or a program /

ADST flag: Bit 6 in the ADCONO register
ADERRO, ADERR1, ADTCSF, ADSTTO, ADSTT1, ADSTRTO and ADSTRT1 flag: bits 0, 1, 3, 4, 5, 6 and 7 in the ADSTATO register

Figure 15.25 Each Flag Operation in ADSTATO Register Associated with the Operation Example
in Delayed Trigger Mode 1 (1)
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M16C/28 Group (M16C/28, M16C/28B) 15. A/D Converter

«Example 3: When ADrtrc input falling edge is generated more than two times after ANo pin conversion
I:‘ A/D pin input
voltage sampling
A/D pin conversion

ADTRG pin input_‘ T j T {

ADSTRTO flag

AN1 ! | (invalid) I_|
AN2 i : i | 3 E N R
ANs | : ! : —l—l b 1 !
ADST flag o : : | ‘ ; :
"0 :V\ Do not set to "1" by program | !_! ! ! !
ADERRO flag "1 ! ' ' ! : ! i : ‘
o : : : ‘ S 1 :
ADERRL flag ! ! ! : :
no—t . : s : .‘ : . ‘
ADTCSF flag o T T ‘ : ;
— B s
ADSTTO flag "1 _,—| ! ! | | :
"o ! : ‘ , | ‘ ;
ADSTTL flag " : — : : ‘ !
0 : ; : |—|

i
I
|
: Setto "0" by program

i =

3

ADSTRT1 flag

o = g &

IR bit in the ADIC .«
register "o

Set to "0" when interrupt request acknowledgement or a program’

ADST flag: Bit 6 in the ADCONO register
ADERRO. ADERR1. ADTCSF. ADSTTO. ADSTT1. ADSTRTO and ADSTRTL1 flaa: bits 0. 1. 3. 4. 5. 6 and 7 in the ADSTATO reaister

Figure 15.26 Each Flag Operation in ADSTATO Register Associated with the Operation Example
in Delayed Trigger Mode 1 (2)
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M16C/28 Group (M16C/28, M16C/28B)

15. A/D Converter

A/D Control Register 0 (1)

e w e A Symbol Address After Reset
LI Tofofofs]a]s]  Abcono 03D616 00000XXX2
H H Bit Symbol Bit Name Function RW
CHO énlallothlgqput Pin t'1”1“’; : Set to "111b" in delayed trigger RW
. elect Bl mode 1
E b heeaan CH1 RW
CH2 RW
N 5453
MDO é/? Otpée';aélon Mode 0 0 : One-shot mode or delayed trigger mode M
MD1 elect Bi 0.1 RW
TRG Trigger Select Bit Refer to Table 15.13 RW
: ADST A/D Conversion Start 0 : A/D conversion disabled RW
H Flag 1: A/D conversion started
A, CKSO0 Frequency Select Bit 0 Refer to Table 15.2 RW
NOTES:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. Do not write “1” in delayed trigger mode 1. When write, set to "0".
A/D Control Register 1 (1)
o B LA Symbol Address After Reset
i [ Jof [ ] Abcom 03D715 0016
H Bit Symbol Bit Name Function RW
AID Sweep Pin When selecting delayed trigger mode 1 RW
[ SCANO  [select Bit  (2) b0 )
HEE 0 0: ANo to AN1 (2 pins)
o 0 1: ANo to AN3 (4 pins) |
HEE SCAN1 1 0: ANo to ANs (6 pins) RW
1 1: ANo to AN7 (8 pins)
AID Operation Mode 0 : Any mode other than repeat sweep
MD2 Select Bit 1 mode 1 RW
8/10-Bit Mode Select Bit |0 : 8-bit mode
BITS 1: 10-bit mode RW
CKs1 Frequency Select Bit1 | Refer to Table 15.2 RW
vcut Vref Connect Bit (3 1: Vref connected RW
(tﬂje) Nothing is assigned. When write, set to "0". —
When read, its content is indetermintae.
NOTES:
1. If the ADCON1 register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. ANOo to ANO7 and AN20 to AN27 can be used in the same way as AN o to AN7. Use the ADGSEL1 to ADGSETO
bits in the ADCONZ2 register to select the desired pin.
3. If the VCUT bit is reset from “0” (Vref unconnected) to “1” (Vref connected), wait for 1 us or more before starting
AJD conversion.
A/D Control Register 2 1)
D7 b6 S b4 b b2 bl b0 Symbol Address After Reset
1 | | 0 | | | 1 | ADCON2 03D416 0016
A i 1| Bit Symbol Bit Name Function RW
P A/D Conversion Method ;
HE SMP A 1: With I hol
A Select Bit (2) ith sample and hold RW
o b2 b1
e ADGSELO | A/D Input Group 00 : Select port P10 group RW
R Select Bit 01: Do not set
. . 10 : Select port PO group
N ADGSEL1 11 : Select port P1/P9 group RW
H H R @ Reserved Bit Set to “0” RW
. H _______________ CKS2 Frequency Select Bit 2 Refer to Table 15.2 RW
A S S TRG1 Trigger Select Bit 1 Refer to Table 15.13 RW
Lo Nothing is assigned. When write, set to “0". .
"""""""""""""" (b7-b6) When read, its content is “0”.
NOTES:

1. If the ADCONZ2 register is rewritten during A/D conversion, the conversion result will be indeterminate.

2. Set to “1" in delayed trigger mode 1.

Figure 15.27 ADCONO to ADCON?2 Registers in Delayed Trigger Mode 1
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M16C/28 Group (M16C/28, M16C/28B)

15. A/D Converter

A/D Trigger Control Register (1)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After Reset
0 | 0 | 1 | 1 | ADTRGCON 03D216 0016

: Bit Symbol Bit Name Function RW

H L SSE A/D Operation Mode Simultaneous sample sweep mode or

Select Bit 2 delayed trigger mode 0,1 RW

N DTE A/D Operation Mode Delayed trigger mode 0, 1 RW

: Select Bit 3

________ HPTRGO |ANO Trigger Select Bit Refer to Table 15.13 RW

L HPTRG1 AN1 Trigger Select Bit Refer to Table 15.13 RW
L Nothing is assigned. When write, set to “0". o

(b7-b4) When read, its content is “0".

NOTES:

1. If ADTRGCON is rewritten during A/D conversion, the conversion result will be indeterminate.

Figure 15.28 ADTRGCON Register in Delayed Trigger Mode 1

Table 15.13 Trigger Select Bit Setting in Delayed Trigger Mode 1

TRG TRG1 HPTRGO | HPTRG1 Trigger
0 1 0 0 ADTRG
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M16C/28 Group (M16C/28, M16C/28B) 15. A/D Converter

15.2 Resolution Select Function

The BITS bit in the ADCONL1 register determines the resolution. When the BITS bit is set to “1” (10-bit
precision), the A/D conversion result is stored into bits 0 to 9 in the ADi register (i=0 to 7). When the BITS
bit is set to “0” (8-bit precision), the A/D conversion result is stored into bits 0 to 7 in the ADi register.

15.3 Sample and Hold

When the SMP bit in the ADCON 2 register is set to “1” (with the sample and hold function), A/D conver-
sion rate per pin increases to 28 @AD cycles for 8-bit resolution or 33 @AD cycles for 10-bit resolution. The
sample and hold function is available in one-shot mode, repeat mode, single sweep mode, repeat sweep
mode 0 and repeat sweep mode 1. In these modes, start A/D conversion after selecting whether the
sample and hold circuit is to be used or not. In simultaneous sample sweep mode, delayed trigger mode
0 or delayed trigger mode , set to use the Sample and Hold function before starting A/D conversion.

15.4 Power Consumption Reducing Function
When the A/D converter is not used, the VCUT bit in the ADCONL register isolates the resistor ladder of
the A/D converter from the reference voltage input pin (VREF). Power consumption is reduced by shutting
off any current flow into the resistor ladder from the VREF pin.
When using the A/D converter, set the VCUT bit to “1” (Vref connected) before setting the ADST bit in the
ADCONO register to “1” (A/D conversion started). Do not set the ADST bit and VCUT bit to “1” simulta-
neously, nor set the VCUT bit to “0” (Vref unconnected) during A/D conversion.
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M16C/28 Group (M16C/28, M16C/28B) 15. A/D Converter

15.5 Output Impedance of Sensor under A/D Conversion

To carry out A/D conversion properly, charging the internal capacitor C shown in Figure 15.29 has to be
completed within a specified period of time. T (sampling time) as the specified time. Let output imped-
ance of sensor equivalent circuit be RO, microcomputer’s internal resistance be R, precision (error) of
the A/D converter be X, and the A/D converter’s resolution be Y (Y is 1024 in the 10-bit mode, and 256
in the 8-bit mode).
1 ot
VC is generally VC = VIN{1-e ¢(RO+R)

Andwhent=T, VC=VIN- i((—VIN=VIN(1- i(—)

17
e CROWR) - X

Y
o son X
C(RO+R) Y
T
Hence, RO = - P v R
Celn v

Figure 15.29 shows analog input pin and externalsensor equivalent circuit. When the difference be-
tween VIN and VC becomes 0.1LSB, we find impedance RO when voltage between pins. VC changes
from O to VIN-(0.1/1024) VIN in timer T. (0.1/1024) means that A/D precision drop due to insufficient
capacitor chage is held to 0.1LSB at time of A/D conversion in the 10-bit mode. Actual error however is
the value of absolute precision added to 0.1LSB. When f(XIN) = 10MHz, T=0.3ps in the A/D conversion
mode with sample & hold. Output inpedance RO for sufficiently charging capacitor C within time T is
determined as follows.

T=0.3us, R=7.8kQ, C=1.5pF, X=0.1, and Y = 1024. Hence,

-6
RO = - 0.3X10 -7.8X103013.9X 103

1.5X10712¢|n —

1024

Thus, the allowable output impedance of the sensor circuit capable of thoroughly driving the A/D con-
verter turns out of be approximately 13.9kQ.

Microcomputer

Sensor equivalent
circuit :

Ro | R (7.8k0) ¥

VIN @ —

C (1.5pF) T Sampling time

| V€ sample-and-hold functi bled:—o~-
| ample-and-hold function enabled: @D
| . . L2

Sample-and-hold function disabled: )

NOTES:
1. Reference value

H

Figure 15.29 Analog Input Pin and External Sensor Equivalent Circuit
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M16C/28 Group (M16C/28, M16C/28B) 16. MULTI-MASTER I2C bus INTERFACE

16. Multi-master 12C bus Interface

The multi-master 12C bus interface is a serial communication circuit based on Philips I2C bus data transfer
format, equipped with arbitration lost detection and synchronous functions. Figure 16.1 shows a block
diagram of the multi-master 12C bus interface and Table 16.1 lists the multi-master I2C bus interface func-
tions.

The multi-master I2C bus interface consists of the SODO register, the S00 register, the S20 register, the
S3DO register, the S4D0 register, the S10 register, the S2D0 register and other control circuits.

Figures 16.2 to 16.8 show the registers associated with the multi-master I2C bus.

Table 16.1 Multi-Master I2C bus Interface Functions
Item Function
Format Based on Philips 12C bus standard:
7-bit addressing format
High-speed clock mode
Standard clock mode
Communication mode Based on Philips 12C bus standard:
Master transmit
Master receive
Slave transmit
Slave receive
SCL clock frequency 16.1kHz to 400kHz (at Viic M= 4MHz)
I/O pin Serial data line  SDAMM(SDA)
Serial clock line  SDLMM(SCL)

Note 1. Viic=I12C system clock
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Figure 16.1 Block Diagram of Multi-Master 12C bus Interface
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M16C/28 Group (M16C/28, M16C/28B) 16. MULTI-MASTER I2C bus INTERFACE

1°C0 Address Register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset
S0DO0 02E216 0016
: : Bit Symbol Bit Name Function RW
i : : : : w0 Reserved bit Set to “0" RW
h Yo - SADO Slave address Compare with received RW
A address data
I— SAD1 RW
N SAD2 RW
— SAD3 RW
B SAD4 RW
S SAD5 RW
e SADS6 RW
Figure 16.2 SODO Register
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M16C/28 Group (M16C/28, M16C/28B) 16. MULTI-MASTER I2C bus INTERFACE

12C0 Data Shift Register

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address After Reset
: S00 02E016 XX16
Function RW

Transmit/receive data are stored.

In master transmit mode, the start condition/stop condition are triggered by
writing data to the register (refer to 16.9 START Condition Generation
Method and 16.11 STOP Condition Generation Method). Start transmitting
or receiving data, synchronized with ScL.

RW(@1)

NOTES:

1. Write is enabled only when the ESO bit in the S1DO register is "1". Because the same register is used for both
storing transmit/receive data, write the transmit data after the receive data is read out. When the SO0 register
is set, the BC2 to BCO bits in the S1DO0 register are set to "0002" and the LRB, AAS and AL bits in the S10
register are set to "0".

12C0 Clock Control Register

b7 b6 b5 b4 b3 b2 bl ho

| | | | | | | | | Symbol Address After Reset
Lo S20 02E416 0016
' Bit Symbol Bit Name Function RW
E . . . . - CCRO ScL Frequency Control Bits [See Table 16.3 RW
A CCR1 W
R CCR2 RW
I R CCR3 RW
P e CCR4 RW
FAST s . 0: Standard clock mode
N MODE Sct Mode Specification Bit 1: High-speed clock mode RW
L — ACKBIT | ACK Bit 0: ACK is returned RW
' 1: ACK is not returned
O IITTRRIIRE ACK-CLK | ACK Clock Bit 0: No ACK clock RW

1: With ACK clock

Figure 16.3 SO0 and S20 Registers
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M16C/28 Group (M16C/28, M16C/28B) 16. MULTI-MASTER I2C bus INTERFACE

1CO Control Register 0

b7 b6 bS5 b4 b3 b2 bl bo

Symbol Address After Reset
e e e e S1DO0 02E316 0016
P4t on 1 Bit Symbol Bit Name Function RW
e BCO Bit counter b2 bl b0
e (Number of transmit/receive| 0 0 0 : 8 RW
oo bits) (1) 001:7
T 01 0 :6
R BC1 0 115
A 100:4 RW
A 101:3
o 1 10 :2
- - 1 1 1 :1
. BC2
A RW
S ESO I’)C bus interface 0: Disabled RW
Vo enable bit 1: Enabled
ALS Data format select bit 0 Addressing format RW
T 1: Free data format
b (b5) Reserved bit Set to "0" RW
GLLLEEEEEEEEREREE IHR I’C bus interface 0: Reset release (automatic) | gy
H reset bit 1: Reset
B CRGIOEEEEEERERLRNEE TISS I°C bus interface pin 0: I°C bus input RW

input level select bit 1: SMBUS input

NOTES:
1.In the following status, the bit counter is set to "000" automatically
«Start condition/stop condition are detected
sImmediately after the completion of 1-byte data transmit
«Immediately after the completion of 1-byte data receive

Figure 16.4 S1DO0 Register
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M16C/28 Group (M16C/28, M16C/28B) 16. MULTI-MASTER I2C bus INTERFACE

12CO Status Register
b7 b6 b5 b4 b3 b2 bl bo
| | | Symbol Address After Reset
. S S T - S10 02E816 0001000X2
P b | Bit Symbol Bit Name Function RW
P LRB Last Receive Bit 0: Lastbit=0 RO®
A 1: Lastbit=1
i - ADRO General Call Detecting Flag 0: No general call detected I
A : RO
[ 1: General call detected
P ' AAS Slave Address Comparison Flag |0: No address matched @
e hhat RO
. 1: Address matched
] AL Avrbitration lost detection flag 0: Not detected @
R 1: Detected RO
R PIN 12C Bus Interface Interrupt 0: Request interrupt @
o Request Bit 1: Request no interrupt RO
A S R BB Bus Busy Flag 0: Bus free o
1: Bus busy RO
: TRX Communication Mode Select 0: Receive mode ©
[ Bits 0 1: Transmit mode RW
MST Communication Mode Select |0: Slave mode RW®
TTTTTTTTTTTTTTTTTTTTTT Bit 1 1: Master mode
NOTES:
1. This bit is read only if it is used for the status check.
To write to this bit, refer to 16.9 START Condition Generation Method and 16.11 STOP Condition Generation
Method.
2. Read only. When write, set to “0".
3. To write to these bits, refer to 16.9 START Condition Generation Method and 16.11 STOP Condition
Generation Method.

Figure 16.5 S10 Register
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M16C/28 Group (M16C/28, M16C/28B)

16. MULTI-MASTER 12C bus INTERFACE

12C0 Control Register 1
b7 b6 b5 b4 b3 b2 bl bo
| | | | | Symbol Address After Reset
T T ' I T T T S3D0 02E616 001100002
A
' A . [ Bit Symbol Bit Name Function RW
H T
! . SIM The Interrupt Enable Bit for | 0: Disable the 1°C bus interface
E by Vo STOP Condition Detection interrupt of STOP condition
[ detection RW
. E ' X : 1: Enable the I°C bus interface
oo interrupt of STOP condition
: A detection
' ' N 1 1
! ' Vo : WIT The Interrupt Enable Bit for | O: Disable the 12C bus interface
H : : ' H Data Receive Completion interrupt upon completion
E ! : oo of receiving data
! E P 1: Enable the I12C bus interface
E o . : ! o interrupt upon completion of RW
: Voo receiving data
. Voo
1 ' ] 1 1
H . When setting NACK
; b (ACK bit = 0), write "0"
: H ' [ 1 1
[
R Spai/Port Function Switch  [0: Spa I/O pin (enable ESO = 1)
' 1 1 [ 1 lacccaaa N
E oo PED Bit™ 1: Port output pin (enable ESO = 1) RW
[
[
. . ] )
H o] ScLi/Port Function Switch  [0: ScL I/O pin (enable ESO = 1)
E ! . PEC Bit™ 1: Port output pin (enable ESO = 1) RW
1 1 : :
, : , The Logic Value Monitor 0: Spa output logic value =0
E : ¢ T SDAM Bit of SpA Output 1: SpA output logic value = 1 RO
E oo The Logic Value Monitor 0: ScL output logic value =0
V) Ammmmmmmeeeeeee o ) . R
P SCLM Bit of ScL Output 1: Sci output logic value = 1 ©
P b7 b6
ot ICKO I’)C bus System Clock 0 0:Vic =1/2fic RW
: Selection Bits, 0 1:Viic =1/4fuc
i _______________________ if ICK4 to'ICK2_ bits inthe| 1 o\ c =1/8fic
ICK1 S4DO0 register is "0002" | 1 1 . Reserved @ RW
NOTES:
1. The PED and PEC bits are enabled when the ESO bit in the S1DO register is set to "1"(I2C bus interface enabled).
2. When the PCLKO bit in the PCLKR register is set to "0", fic=f2. When the PCLKO bit in the PCLKR register is set
to "1", fiuc=f1.

Figure 16.6 S3DO0 Register
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M16C/28 Group (M16C/28, M16C/28B) 16. MULTI-MASTER I2C bus INTERFACE

12C0 Control Register 2
b7 b6 b5 b4 b3 b2 bl b0

| | 0 | | | | | | | Symbol Address After Reset
S B S4D0 02E716 0016
oo i+ i [ Bit Symbol Bit Name Function RW
oo I TOE Time Out Detection 0 : Disabled RW
oo Function Enable Bit 1: Enabled
A TOF ) ) 0 : Not detected
R RO
: . P Time Out Detection Flag 1 : Detected
S TOSEL | Time Out Detection Time | 0 : Long time RW
o Select Bit 1: Short time
R 5 b5 b4 b3 RW
il ICK2 I2C bus System Clock 0 0 0 Vi setby ICK1 and ICKO
N Select Bits bits in S3DO register
R CEOREEEEEE ICK3 0 0 1 Vic=1/25fic RW
E b 0 1 0 Vic=1/3fic
Vo 0 1 1 Vic=1/5fic
E E bt ICK4 1 0 0 Vic=1/6fic @) RW
A (b6) Reserved bit Setto "0" RW
e STOP Condition Detection | 0 : No 1°C bus interface interrupt

SCPIN Interrupt Request Bit request RW
1 : 1°C bus interface interrupt
request
NOTES:
1. When the PCLKO bit in the PCLKR register is set to "0", fic = f2. When the PCLKO bit is set to "1", fic=f1.

Figure 16.7 S4DO0 Register
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M16C/28 Group (M16C/28, M16C/28B)

16. MULTI-MASTER 12C bus INTERFACE

1Co Start/stop Condition Control Register
e e B T Symbol Address After Reset

| . | . | . | . | : | S2D0 02E516 000110102
P04 ] Bit Symbol Bit Name Function RW
SSCo START/STOP Condition Setting for detection condition
oo Setting Bits® of START/STOP condition. RW
A See Table 16.2.
A ssct RW
T S S sscz RW
P ey SSc3 RW
Do e Ssc4 RW
b T sip ScL/Spa Interrupt Pin Polarity | 0: Active in falling edge RW
: Select Bit 1: Active in rising edge
_____________________ ScL/SDA Interrupt Pin Select 0: Spba enabled
! SIS Bit 1: ScL enabled RW
""""""""""""" STSP | START/STOP Condition 0: Short setup/hold ime mode | _

SEL Generation Select Bit 1: Long setup/hold time mode
NOTES:
1. Do not set "000002" or odd values.

Figure 16.8 S2DO0 Register

Table 16.2 Recommended setting (SSC4-SSCO0) start/stop condition at each oscillation frequency

Oscillation | 12C bus system | 12C bus system | SSC4-SSCO(M)|  SCL release | Setup time Hold time
f1 (MHz) clock select | clock(MHz) time (cycle) (cycle) (cycle)
10 1/2n@ 5 XXX11110 6.2 us (31) 3.2us (16) | 3.0 ps (15)
8 1/2n@ 4 XXX11010 6.75 us(27) 3.5us (14) | 3.25 ps(13)
XXX11000 6.25 us(25) 3.25us (13) | 3.0 us (12)
8 1/8n@ 1 XXX00100 5.0 us (5) 3.0us (3) | 2.0us (2)
4 1/2n@ 2 XXX01100 6.5 us (13) 35us (7) | 3.0pus (6)
XXX01010 5.5 us (11) 3.0us (6) | 2.5us (5)
2 1/2n@ 1 XXX00100 5.0 us (5) 3.0ps (3) | 2.0 us (2)
NOTES:

1. Do not set odd values or “000002" to START/STOP condition setting bits(SSC4 to SSCO0)
2. When the PCLKO bit in the PCLKR register is set to "1".
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M16C/28 Group (M16C/28, M16C/28B) 16. MULTI-MASTER I2C bus INTERFACE

16.1 12C0 Data Shift Register (SO0 register)

The SO0 register is an 8-bit data shift register to store a received data and to write a transmit data. When a
transmit data is written to the SO0 register, the transmit data is synchronized with a SCL clock and the data
is transferred from bit 7. Then, every one bit of the data is transmitted, the register's content is shifted for
one bit to the left. When the SCL clock and the data is imported into the SO0 register from bit 0. Every one
bit of the data is imported, the register's content is shifted for one bit to the left. Figure 16.9 shows the timing
to store the receive data to the SO0 register.

The SO0 register can be written when the ESO bit in the S1DO register is set to "1"(12C0 bus interface
enabled). If the SO0 register is written when the ESO bit is set to "1" and the MST bit in the S10 register is set
to "1"(master mode), the bit counter is reset and the SCL clock is output. Write to the SO0 register when the
START condition is generatedor when an "L" signal is applied to the SCL pin. The SO0 register can be read
anytime regardless of the ESO bit value.

ScL

SpA

D il

Internal ScL tdfil : Noise elimination circuit delay time
. . 1to 2 Viic cycle

Internal Spa : 3 tdsf : Shift clock delay time

tdfil © o tdsft 1 Viic cycle
Shift clock 3 4—4

Storing data at shift clock rising edge.

Figure 16.9 The Receive Data Storing Timing of SO0 Register

16.2 12CO Address Register (SODO register)
The SODO register consists of the SAD6 to SADO bits, total of 7. At the addressing is formatted, slave
address is detected automatically and the 7-bit received address data is compared with the contents of
the SAD6 to SADO bits.
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16.3 12C0 Clock Control Register (S20 register)
The S20 register is used to set theACK control, SCL mode and the SCL frequency.

16.3.1 Bits 0to 4. SCL Frequency Control Bits (CCR0-CCR4)
These bits control the SCL frequency. See Table 16.3 .

16.3.2 Bit 5: SCL Mode Specification Bit (FAST MODE)
The FAST MODE bit selects SCL mode. When the FAST MODE bit is set to "0", standard clock mode
is entered. When it is set to "1", high-speed clock mode is entered.
When using the high-speed clock mode 12C bus standard (400 kbits/s maximum) to connect buses,
set the FAST MODE bit to "1" (select SCL mode as high-speed clock mode) and use the I2C bus
system clock (Viic) at 4 MHz or more frequency.

16.3.3 Bit 6: ACK Bit (ACKBIT)

The ACKBIT bit sets the SDA status when an ACK clock() is generated. When the ACKBIT bit is set
to “0”, ACK is returned and te clock applied to SDA becomes "L" when ACK clock is generated. When
it is set to "1", ACK is not returned and the clock clock applied to SDA maintains "H" at ACK clock
generation.

When the ACKBIT bit is set to "0", the address data is received. When the slave address matches with
the address data, SDA becomes "L" automatically (ACK is returned). When the slave address and the
address data are not matched, SDA becomes "H" (ACK is not returned).

NOTES:
1. ACK clock: Clock for acknowledgment

16.3.4 Bit 7: ACK Clock Bit (ACK-CLK)
The ACK-CLK bit set a clock for data transfer acknowledgement. When the ACK-CLK bit is set to "0",
ACK clock is not generated after data is transferred. When it is set to "1", a master generates ACK
clock every one-bit data transfer is completed. The device, which transmits address data and control
data, leave SDA pin open (apply "H" signal to SDA) when ACK clock is generated. The device which
receives data, receives the generated ACKBIT bit.
NOTES:
1.Do not rewrite the S20 register, other than the ACKBIT bit during data transfer. If data is written
to other than the ACKBIT bit during transfer, the 12C bus clock circuit is reset and the data may
not be transferred successfully.
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Table 16.3 Setting values of S20 register and SCL frequency

Setting value of CCR4 to CCRO SCL frequency (at Viic=4MHz, unit : kHz) (1)
CCR4|CCR3|CCR2 |[CCR1|CCRO Standard clock mode High-speed clock mode

0 0 0 0 0 Setting disabled Setting disabled

0 0 0 1 Setting disabled Setting disabled

0 0 0 1 0 Setting disabled Setting disabled

0 0 0 1 1 -@ 333

0 0 1 0 0 -@ 250

0 0 1 0 1 100 400 @

0 0 1 1 0 83.3 166

) . ) l 1 500/ CCR value @ 1000 / CCR value ©

1 1 1 0 1 17.2 34.5

1 1 1 1 0 16.6 33.3

1 1 1 1 1 16.1 32.3

NOTES:

1. The duty of the SCL clock output is 50 %. The duty becomes 35 to 45 % only when high-speed
clock mode is selected and the CCR value =5 (400 kHz, at VIIC = 4 MHz). “H” duration of the
clock fluctuates from —4 to +2 12C system clock cycles in standard clock mode, and fluctuates from
-2 to +2 12C system clock cycles in high-speed clock mode. In the case of negative fluctuation, the
frequency does not increase because the “L” is extended instead of “H” reduction. These are the
values when the SCL clock synchronization by the synchronous function is not performed. The
CCR value is the decimal notation value of the CCR4 to CCRO bits.

2. Each value of the SCL frequency exceeds the limit at Viic = 4 MHz or more. When using these
setting values, use Viic = 4 MHz or less. Refer to Figure 16.6.

3. The data formula of SCL frequency is described below:

Viic/(8 x CCR value) Standard clock mode

Viic/(4 x CCR value) High-speed clock mode (CCR value # 5)

Viic/(2 x CCR value) High-speed clock mode (CCR value = 5)
Do not set 0 to 2 as the CCR value regardless of the VIIC frequency. Set 100 kHz (max.) in
standard clock mode and 400 kHz (max.) in high-speed clock mode to the SCL frequency by
setting the CCR4 to CCRO bits.
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16.4 12CO Control Register 0 (S1DO0)

The S1DO register controls data communication format.

16.4.1 Bits 0to 2: Bit Counter (BCO-BC2)

The BC2 to BCO bits decide how many bits are in one byte data transferred next. After the selected
numbers of bits are transferred successfully, 12C bus interface interrupt request is gnerated and the
BC2 to BCO bits are reset to "0002". At this time, if the ACK-CLK bit in the S20 register is set to "1" (with
ACK clock), one bit for ACK clock is added to the numbers of bits selected by the BC2 to BCO bits.
In addition, the BC2 to BCO bits become "0002" even though the START condition is detected and the
address data is transferred in 8 bits.

16.4.2 Bit 3: 12C Interface Enable Bit (ESO)

The ESO bit enables to use the multi-master 12C bus interface. When the ESO bit is set to “0”, 12C bus

interface is disabled and the SDA and SCL pins are placed in a high-h-impedance state. When the

ESO bit is set to “1”, the interface is enabled.

When the ESO bit is set to “0”, the process is followed.

1)The bits in the S10 register are set as MST ="0", TRX ="0", PIN ="1", BB ="0", AL ="0", AAS = "0",
ADRO ="0"

2)The SO0 register cannot be written.

3)The TOF bit in the S4DO0 register is set to “0” (time-out detection flag is not detected)

4)The 12C system clock (Viic) stops counting while the internal counter and flags are reset.

16.4.3 Bit 4. Data Format Select Bit (ALS)
The ALS bit determines whether the salve address is recognized. When the ALS bit is set to “0”, an
addressing format is selected and a address data is recognized. Only if the comparison is matched
between the slave address stored into the SODO register and the received address data or if the
general call is received, the data is transferred. When the ALS bit is set to "1", the free data format is
selected and the slave address is not recognized.

16.4.4 Bit 6: 12C bus Interface Reset Bit (IHR)
The IHR bit is used to reset the 12C bus interface circuit when the error communication occurs.
When the ESO bit in the S1DO register is set to“1” (12C bus interface is enabled), the hardware is reset
by writing “1” to the IHR bit. Flags are processed as follows:
1)The bits in the S10 register are set as MST ="0", TRX ="0", PIN to "1", BB ="0", AL ="0", AAS =

"0", and ADRO = "0"

2)The TOF bit in the S4DO0 register is set to “0” (time-out detection flag is not detected)
3)The internal counter and flags are reset.
The I12C bus interface circuit is reset after 2.5 Viic cycles or less, and the IHR bit becomes "0" auto-
matically by writing "1" to the IHR bit. Figure 16.10 shows the reset timing.
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16.4.5 Bit 7: 12C bus Interface Pin Input Level Select Bit (TISS)
The TISS bit selects the input level of the SCL and SDA pins for the multi-master 12C bus interface.
When the TISS bit is set to “1”, the P20 and P21 become the SMBus input level.

The signal of writing "1" to IHR bit r

IHR bit

The reset signal to 12C-BUS interface circuit

2.5 Viic cycles

Figure 16.10 The timing of reset to the I12C bus interface circuit
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16.5 12C0 Status Register (S10 register)

The S10 register monitors the 12C bus interface status. When using the S10 register to check the status,
use the 6 low-order bits for read only.

16.5.1 Bit O: Last Receive Bit (LRB)
The LRB bit stores the last bit value of received data. It can also be used to confirm whether ACK is
received. If the ACK-CLK bit in the S20 register is set to "1" (with ACK clock) and ACK is returned when
the ACK clock is generated, the LRB bit is set to “0”. If ACK is not returned, the LRB bit is set to “1”. When
the ACK-CLK bit is set to "0" (no ACK clock), the last bit value of received data is input. When writing data
to the SO0 register, the LRB bit is set to "0".

16.5.2 Bit 1: General Call Detection Flag (ADRO)
When the ALS bit in the S1DO register is set to “0” (addressing format), this ADRO flag is set to “1” by
receiving the general calls(!), whose address data are all “0”, in slave mode.
The ADRO flag is set to “0” when STOP or START conditions is detected or when the IHR bit in the S1D0
register is set to "1" (reset).

NOTES:
1. General call: A master device transmits the general call address “0016” to all slaves. When the
master device transmits the general call, all slave devices receive the controlled data after general
call.

16.5.3 Bit 2: Slave Address Comparison Flag (AAS)
The AAS flag indicates a comparison result of the slave address data after enabled by setting the ALS bit
in the S1DO register to “0” (addressing format).
The AAS flag is set to "1" when the 7 bits of the address data are matched with the slave address stored
into the SODO register, or when a general call is received, in slave receive mode. The AAS flag is set to 0"
by writing data to the SO0 register. When the ESO bit in the S1DO0 register is set to "0" (12C bus interface
disabled) or when the IHR bit in the S1DO0 register is set to "1" (reset), the AAS flag is also set to "0".

16.5.4 Bit 3: Arbitration Lost Detection Flag (AL)(®

In master transmit mode, if an "L" signal is applied to the SDA pin by other than a microcomputer, the AL
flag is set to "1" by determining that the arbitration is los and the TRX bit in the S10 register is set to "0"
(receive mode) at the same time. The MST bit in the S10 register is set to "0" (slave mode) after transfer-
ring the bytes which lost the arbitration.

The arbitration lost can be detected only in master transmit mode. When writing data to the SO0 register,
the AL flag is set to "0". When the ESO bit in the S1DO0 register is set to "0" (12C bus interface disabled) or
when the IHR bit in the S1DO0 register is set to "1" (reset), the AL flag is set to "0".

NOTES:
1. Arbitration lost: communication disabled as a master
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16.5.5 Bit 4: 12C bus Interface Interrupt Request Bit (PIN)
The PIN bit generates an I12C bus interface interrupt request signal. Every one byte data is ransferred, the
PIN bit is changed from “1” to “0”. At the same time, an 12C bus interface interrupt request is generated.
The PIN bit is synchronized with the last clock of the internal transfer clock (when ACK-CLK=1, the last
clock is the ACK clock: when the ACK-CLK=0, the last clock is the 8th clock) and it becomes "0". The
interrupt request is generated on the falling edge of the PIN bit. When the PIN bit is set to "0", the clock
applied to SCL maintains "L" and further clock generation is disabled. When the ACK-CLK bit is set to "1"
and the WIT bit in the S3DO register is set to "1" (enable the 12C bus interface interrupt of data receive
completion). The PIN bit is synchronized with the last clock and the falling edge of the ACK clock. Then,
the PIN bit is set to "0" and I12C bus interface interrupt request is generated. Figure 16.11 shows the
timing of the 12C bus interface interrupt request generation.
The PIN bit is set to “1” in one of the following conditions:
*When data is written to the SO0 register
*When data is written to the S20 register (when the WIT bit is set to “1” and the internal WAIT flag is
set to “1”)
*When the ESO bit in the S1DO register is set to “0” (12C bus interface disabled)
*When the IHR bit in the S1DO register is set to "1"(reset)
The PIN bit is set to “0” in one of the following conditions:
*With completion of 1-byte data transmit (including a case when arbitration lost is detected)
*With completion of 1-byte data receive
*When the ALS bit in the S1DO register is set to "0" (addressing format) and slave address is matched
or general call address is received successfully in slave receive mode
*When the ALS bit is set to "1" (free format) and the address data is received successfully in slave
receive mode

16.5.6 Bit 5: Bus Busy Flag (BB)

The BB flag indicates the operating conditions of the bus system. When the BB flag is set to “0”, a bus
system is not in use and a START condition can be generated. The BB flag is set and reset based on an
input signal of the SCL and SDA pins either in master mode or in slave mode. When the START condition
is detected, the BB flag is set to "1". On the other hand, when the STOP condition is detected, the BB flag
is set to "0". The SSC4 to SSCO bits in the S2D0 register decide to detect between the START condition
and the STOP condition. When the ESO bit in the S1DO0 register is set to "0" (I2C bus interface disabled)
or when the IHR bit in the S1DO register is set to "1" (reset), the BB flag is set to "0". Refer to 16.9 START
Condition Generation Method and 16.11 STOP Condition Generation Method.

sct I

PIN flag

I2CIRQ |_|

Figure 16.11 Interrupt request signal generation timing
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16.5.7 Bit 6: Communication Mode Select Bit (Transfer Direction Select Bit: TRX)
This TRX bit decides a transfer direction for data communication. When the TRX bit is set to “0”, receive
mode is entered and data is received from a transmit device. When the TRX bit is set to “1”, transmit
mode is entered, and address data and control data are output to the SDAMM, synchronized with a clock
generated in the SCLMM.

The TRX bit is set to “1” automatically in the following condition:
«In slave mode, when the ALS in the S1DO register to "0"(addressing format), the AAS flag is set to
“1”(address match) after the address data is received, and the received R/W bit is set to “1”
The TRX bit is set to “0” in one of the following conditions:
*When an arbitration lost is detected
*When a STOP condition is detected
*When a START condition is detected
*When a START condition is disabled by the START condition duplicate protect function ()
*When the MST bit in the S10 register is set to "0"(slave mode) and a start condition is detected
*When the MST bit is set to "0" and the ACK non-return is detected
*When the ESO bit is set to "0"(12C bus interface disabled)
*When the IHR bit in the S1DO register is set to "1"(reset)

16.5.8 Bit 7: Communication mode select bit (master/slave select bit: MST)

The MST bit selects either master mode or slave mode for data communication. When the MST bit is set
to "0", slave mode is entered and the START/STOP condition generated by a master device are received.
The data communication is synchronized with the clock generted by the master. When the MST bit is set
to "1", master mode is entered and the START/STOP condition is generated.
Additionally, clocks required for the data communication are generated on the SCLMM.
The MST bit is set to “0” in one of the following conditions.

*After 1-byte data of a master whose arbtration is lost if arbitration lost is detected

*When a STOP condition is detected

*When a START condition is detected

*When a start condition is disabled by the START condition duplicate protect function (1)

*When the IHR bit in the S1DO register is set to "1"(reset)

*When the ESO bit is set to "0"(12C bus interface disabled)

NOTES:
1. START condition duplicate protect function:
When the START condition is generated, after confirming that the BB flag in the S1DO register is
setto "0" (bus free), all the MST, TRX and BB flags are set to "1" at the same time. However, if the
BB flag is set to "1" immediately after the BB flag setting is confirmed because a START condition
is generated by other master device, the MST and TRX bits cannot be written. The duplicate
protect function is valid from the rising edge of the BB flag until slave address is received. Refer
to 16.9 START Condition Generation Method for details.
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16.6 12C0 Control Register 1 (S3DO register)

The S3DO register controls the 12C bus interface circuit.

16.6.1 Bit O : Interrupt Enable Bit by STOP Condition (SIM)

The SIM bit enables the I12C bus interface interrupt request by detecting a STOP condition. If the SIM bit
is set to “1”, the 12C bus interface interrupt request is generated by the STOP condition detect (no need to
change in the PIN flag).

16.6.2 Bit 1: Interrupt Enable Bit at the Completion of Data Receive (WIT)

When the WIT bit is set to "1" (enable the 12C bus interface interrupt upon completion of receiving data)
while the ACK-CLK bit in the S20 register is set to "1" (ACK clock), the I2C bus interface interrupt request
is generated, synchronizing with the falling edge of the last data bit clock, and the PIN bit is set to "0"
(request interrupt) . Then an "L" signal is applied to the SCLMM and the ACK clock generation is con-
trolled. Table 16.4 and Figure 16.12 show the interrupt generation timing and the procedure of commu-
nication restart. After the communication is restarted, the PIN bit is set to "0" again, synchronized with the
falling edge of the ACK clock, and the I12C bus interface interrupt request is generated.

Tablel6.4 Timing of Interrupt Generation in Data Receive Mode

I2C bus Interface Interrupt Generation Timing Procedure of Communication Restart
1) Synchronized with the falling edge of the Set the ACK bit in the S20 register.
last data bit clock Set the PIN bit to "1".

(Do not write to the SO0 register. The ACK clock
operation may be unstable.)

2) Synchronized with the falling edge of the Set the SO0 register
ACK clock

The internal WAIT flag can be read by reading the WIT bit. The internal WAIT flag is set to "1" after writing
data to the SO0 register and it is set to "0" after writing to the S20 register.

Consequently, the 12C bus interface interrupt request generated by the timing 1) or 2) can be determined.
(See Figure 16.12)

When the data is transmitted and the address data is received immediately after the START condition,
the WAIT flag remains "0" regardless of the WIT bit setting, and the 12C bus interface interrupt request is
only generated at the falling edge of the ACK clock. Set the WIT bit to “0” when the ACK-CLK bit in the
S20 register is set to "0" (no ACK clock).
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NOTES:

1. Do not write to the 12C0 clock control register except the bit ACK-BIT.

Figure 16.12 The timing of the interrupt generation at the completion of the data receive

16.6.3 Bits 2,3 : Port Function Select Bits PED, PEC
If the ESO bit in the S1DO0 register is set to "1" (I12C bus interface enabled), the SDAMM functions as an
output port. When the PED bit is set to "1" and the SCLMM functions as an output port when the PEC bit
is set to "1". Then the setting values of P2_0 and P2_1 bits in the port P2 register are output to the 12C
bus, regardless of he internal SCL/SDA output signals. (SCL/SDA pins are onnected to 12C bus interface

circuit)

The bus data can be read by reading the port pi direction register in input mode, regardless of the setting
values of the PED and PEC bits. Table 16.5 shows the port specification.

Table 16.5 Port specifications

Pin Name ESO Bit PED Bit P20 F;{‘g;izti;‘iwo” Function
0 - 0/1 Port I/O function
P20 1 0 - SDA I/O function
1 1 - SDA input function, port output function
Pin Name ESO Bit PEC Bit P21 F;Zr;ilgti:rzction Function
0 - 0/1 Port 1/0 function
P21 1 0 - ScL I/O function
1 1 - Sct input function, port output funcion
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16.6.4 Bits 4,5 : SDA/SCL Logic Output Value Monitor Bits SDAM/SCLM

The SDAM/SCLM bits can monitor the logic value of the SDA and SCL output signals from the 12C bus
interface circuit. The SDAM bit monitors the SDA output logic value. The SCLM bit monitors the SCL

output logic value. The SDAM and SCLM bits are read-only. When write, set them to “0”.

16.6.5 Bits 6,7 : 12C System Clock Select Bits ICKO, ICK1

The ICK1 bit, ICKO bit, the ICK4 to ICK2 bits in the S4D0 register, and the PCLKO bit in the PCLKR

register can select the system clock (Viic) of the I2C bus interface circuit.

The I12C bus system clock Viic can be selected among 1/2 fuc, 1/2.5 fuc, 1/3 fuc, 1/4 fic, 1/5 fic, 1/6 fiuc

and 1/8 fiic. filc can be selected between f1 and f2 by the PCLKO bit setting.

Table 16.6 12C system clock select bits

I3CK4[S4DQ] | ICK3[S4D0] ICK2[S4D0] ICK1[S3D0] ICKO[S3DO0] 12C system clock
0 0 0 0 0 Viic = 1/2 f(XIN)
0 0 0 0 1 Viic = 1/4 f(XIN)
0 0 0 1 0 Viic = 1/8 f(XIN)
0 0 1 X X Viic = 1/2.5 f(XIN)
0 1 0 X X Viic = 1/3 f(XIN)
0 1 1 X X Viic = 1/5 f(XIN)
1 0 0 X X Viic = 1/6 f(XIN)

( Do not set the combination other than the above)

16.6.6 Address Receive in STOP/WAIT Mode

When WAIT mode is entered after the CMO02 bit in the CMO register is set to "0" (do not stop the peripheral
function clock in wait mode), the 12C bus interface circuit can receive address data in WAIT mode. How-

ever, the 12C bus interface circuit is not operated in STOP mode or in low power consumption mode,
because the 12C bus system clock Viic is not supplied.
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16.7 12CO Control Register 2 (S4D0 Register)

The S4D0 register controls the error communication detection.

If the SCL clock is stopped counting dring data transfer, each device is stopped, staying online. To avoid
the situation, the 12C bus interface circuit has a function to detect the time-out when the SCL clock is
stopped in high-level ("H") state for a specific period, and to generate an I12C bus interface interrupt request.
See Figure 16.13.

|» ScL clock stop (“H")
ScL 1 clock 2 clock 3 clock SS
Son | (b _ 2bit 3bit SS
BB flag SS
Internal counter start signal H ’7 H

Internal counter stop, reset signal ‘ ‘
The time of timeout detection |

Internal counter overflow signal d

12C-BUS interface interrupt H
request signal

Figure 16.13 The timing of time-out detection
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16.7.1 BitO: Time-Out Detection Function Enable Bit (TOE)

The TOE bit enables the time-out detection function. When the TOE bit is set to "1", time-out is detected
and the I12C bus interface interrupt request is generated when the following conditions are met.

1) the BB flag in the S10 register is set to "1" (bus busy)

2) the SCL clock stops for time-out detection period while high-level ("H") signal is maintained (see

Table 16.7)

The internal counter measures the time-out detection time and the TOSEL bit selects between two
modes, long time and short time. When time-out is detected, set the ESO bit to "0" (I2C bus interface
disabled) and reset the counter.

16.7.2 Bitl: Time-Out Detection Flag (TOF)

The TOF flag indicates the time-out detection. If the internal counter which measures the time-out
period overflows, the TOF flag is set to “1” and the 12C bus interface interrupt request is generated at the
same time.

16.7.3 Bit2: Time-Out Detection Period Select Bit (TOSEL)
The TOSEL bit selects time-out detection period from long time mode and short time mode. When the
TOSEL bit is set to "0", long time mode is selected. When it is set to "1", short time mode is selected,
respectively. The internal counter increments as a 16-bit counter in long time mode, while the counter
increments as a 14-bit counter in short time mode, based on the 12C system clock (ViiC) as a counter
source. Table 16.7 shows examples of time-out detection period.

Table 16.7 Examples of Time-out Detection Period (Unit: ms)

Viic(MHz) Long time mode Short time mode
4 16.4 4.1
2 32.8 8.2
1 65.6 16.4

16.7.4 Bits 3,4,5: 12C System Clock Select Bits (ICK2-4)
The ICK4 to 2 bits, ICK1 and ICKO bits in the S3DO0 register, and the PCLKO bit in the PCLKR register
select the system clock (Viic) of the 12C bus interface circuit. See Table 16.6 for the setting values.

16.7.5 Bit7: STOP Condition Detection Interrupt Request Bit (SCPIN)

The SCPIN bit monitors the stop condition detection interrupt. The SCPIN bit is set to “1” when the 12C
bus interface interrupt is generated by detecting the STOP condition. When this bit is set to "0" by pro-
gram, it becomes "0". However, no change occurs even if it is set to "1".
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16.8 12C0O START/STOP Condition Control Register (S2D0 Register)
The S2DO0 register controls the START/STOP condition detections.

16.8.1 Bit0-Bit4: START/STOP Condition Setting Bits (SSC0-SSC4)

The SCL release time and the set-up and hold times are mesured on the base of the 12C bus system clock
(Vuc). Therefore, the detection conditions changes, depending on the oscillation frequency (XIN) and the
I2C bus system clock select bits. It is necessary to set the SSC4 to SSCO bits to the appropriate value to
set the SCL release time, the set-up and hold times by the system clock frequency (See Table 16.10). Do
not set odd numbers or “000002” to the SSC4 to SSCO bits. Table 16.2 shows the reference value to the
SSC4 to SSCO bits at each oscillation frequency in standard clock mode. The detection of START/STOP
conditions starts immediately after the ESO bit in the S1DO register is set to "1" (I12C bus interface en-
abled).

16.8.2 Bit5: SCL/SDA Interrupt Pin Polarity Select Bit (SIP)

The The SIP bit detect the rising edge or the falling edge of the SCLMM or SDAMM to generate SCL/SDA
interrupts. The SIP bit selects the polarity of the SCLMM or the SDAMM for interrupt.

16.8.3 Bit6 : SCL/SDA Interrupt Pin Select Bit (SIS)
The SIS bit selects a pin to enable SCL/SDA interrupt.

NOTES:
1. The SCL/SDA interrupt request may be set when changing the SIP, SIS and ESO bit settings in the
S1D0 register. When using the SCL/SDA interrupt, set the above bits, while the SCL/SDA interrupt is
disabled. Then, enable the SCL/SDA interrupt after setting the SCL/SDA bit in the IR register to "0".

16.8.4 Bit7: START/STOP Condition Generation Select Bit (STSPSEL)

The STSPSEL bit selects the set-up/hold times, based on the I12C system clock cycles, when the START/
STOP condition is generated (See Table 16.8). Set the STSPSEL bit to “1” if the I12C bus system clock
frequency is over 4MHz.
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16.9 START Condition Generation Method

Set the MST bit, TRX bit and BB flags in the S10 register to "1" and set the PIN bit and 4 low-order bits in the
S10 register to "0" simultaneously, to enter START condition standby mode, when the ESO bit in the S1D0
register is set to “1” (I2C bus interface enabled) and the BB flag is set to “0” (bus free). When the slave
address is written to the SO0 register next, START condition is generated and the bit counter is reset to
"0002" and 1-byte SCL signal is output. The START condition generation timing varies between standard
clock mode and high-speed clock mode. See Figure 16.16 and Table 16.8.

Interrupt disable

No
BB=0?
Yes
| S10=E016 | Start condition standby status setting
| S00=Data | Start condition trigger generation
*Data=Slave address data

| Interrupt enable |

Figure 16.14 Start condition generation flow chart
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16.10 START Condition Duplicate Protect Function

A START condition is generated when verifying that the BB flag in the S10 register does not use buses.
However, if the BB flag is set to "1" (bus busy) by the START condition which other master device gener-
ates immediately after the BB flag is verified, the START condition is suspended by the START condition
duplicate protect function. When the START condition duplicate protect function starts, it operates as fol-
lows:

*Disable the start condition standby setting

If the function has already been set, first exit START condition standby mode and then set the MST and

TRX bits in the S10 register to "0".

*Writing to the SO0 register is disabled. (The START condition trigger generation is disabled)

«If the START condition generation is interrupted, the AL flag in the S10 register becomes "1".(arbitration

lost detection)
The START condition duplicate protect function is valid between the SDA falling edge of the START condi-
tion and the receive completion of the slave address. Figure 16.15 shows the duration of the START
condition duplicate protect function.

ScL 1 clock 2 clock 3 clock LEEJ 8 clock ACK clock

8 bit ACK bit X

The duration of start condition duplicate protect

Figure 16.15 The duration of the start condition duplicate protect function

16.11 STOP Condition Generation Method

When the ESO bit in the S1DO0 register is set to “1” (12C bus interface enabled) and the MST and TRX bits in
the S10 register are set to “1” at the same time, set the BB flag, PIN bit and 4 low-order bits in the S10
register to "0" simultaneously, to enter STOP condition standby mode. When dummy data is written to the
SO0 register next, the STOP condition is generated. The STOP condition generation timing varies between
standard clock mode and high-speed clock mode. See Figure 16.17 and Table 16.8.

Until the BB flag in the S10 register becomes "0" (bus free) after an instruction to generate the STOP
condition is executed, do not write data to the S10 and SO0 registers. Otherwise, the STOP condition
waveform may not be generated correctly.

If an input signal level of the ScL pin is set to low (L") after the instruction to generate the STOP condition
is executed, a signal level of the ScL pin becomes high ("H"), and the BB flag is set to 0 (bus free), the MCU
outputs an "L" signal to ScL pin.

In that case, the MCU can stop an "L" signal output to the ScL pin by generating the STOP condition, writing
0 to the ESO bit in the S1DO0 register (disabled), or writing 1 to the IHR bit in the S1DO0 register (reset
release).
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I2C0 data shift register ml

write signal |

ScL —| Setup

| .
T time
|

|

Hold .—

== time --,

SpA

Figure 16.16 Start condition generation timing diagram

2 . )
1=CO0 data shift register M
write signal

Set  — | Setup

I

|

I

! .
Lo N -4-- time --
: time |

SpA I

Figure 16.17 Stop condition generation timing diagram

Table 16.8 Start/Stop generation timing table

Start/Stop Condition Standard Clock Mode High-speed Clock Mode
Generation Select Bit
0 5.0 us (20 cycles) 2.5 ps (10 cycles)
Setup time
1 13.0 ps (52 cycles) 6.5 ps (26 cycles)
0 5.0 ps (20 cycles) 2.5 ps (10 cycles)
Hold time
1 13.0 ps (52 cycles) 6.5 ps (26 cycles)
NOTE:

1. Actual time at the time of Viic = 4MHz, The contents in () denote cycle numbers.

As mentioned above, when the MST and TRX bits are setto "1", START condition or STOP condition mode
is entered by writing "1" or "0" to the BB flag in the S10 register and writing "0" to the PIN bit and 4 low-order
bits in the S10 register at the same time. Then SDAMM is left open in the START condition standby mode
and SDAMM is set to low-level ("L") in the STOP condition standby mode. When the SO0 register is set, the
START/STOP conditions are generated. In order to set the MST and TRX bits to "1" without generating the
START/STOP conditions, write "1" to the 4 low-order bits simultaneously. Table 16.9 lists functions along
with the S10 register settings.

Table 16.9 S10 Register Settings and Functions

S10 Register Settings

Function
MST | TRX | BB PIN | AL | AAS| ASO | LRB

Setting up the START condition stand by in master

1 1 1 0 0 0 0 0 transmit mode

Setting up the STOP condition stand by in master
transmit mode

Setting up each communication mode (refer to 16.5

01| on i 0 1 1 1 L lic status register)
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16.12 START/STOP Condition Detect Operation

Figure 16.18, Figure 16.19 and Table 16.10 show START/STOP condition detect operations. The SSC4
to SSCO bits in the S2D0 register set the START/STOP conditions. The START/STOP condition can be
detected only when the input signal of the SCLMM and SDAMM met the following conditions: the SCL
release time, the set-up time, and the hold time (see Table 16.10). The BB flag in the S10 register is set to
“1” when the START condition is detected and it is set to “0” when the STOP condition is detected. The BB
flag set and reset timing varies between standard clock mode and high-speed clock mode. See Table
16.10.

- Sci release time - - - — — — —, |
Sct 4\_ Setup i Hold !—
| : time - | o time T _l
Spba 1 i : !
: ! BBf!ag : I
: ‘L -set time - : :
BB flag |
Figure 16.18 Start condition detection timing diagram
F-——-—— Sci release time- - - — — — — — ,
Scu —IL Setup J: Hold !—
o time T time "7 7,
SbA ! i —
1 1 BBflag : :
1 :- reset time - :
BB flag ' . | !
Figure 16.19 Stop condition detection timing diagram
Table 16.10 Start/Stop detection timing table
Standard clock mode High-speed clock mode
SCL release time SSC value + 1 cycle (6.25ps) 4 cycles (1.0ps)
Setup time SSC value + 1 cycle <4.0us (3.25us) 2 cycles (0.5us)
2
Hold time SSC value cycle < 4.0us (3.0us) 2 cycles (0.5us)
2
BB flag set/reset SSCvalue -1 +2 cycles (3.375us) 3.5 cycles (0.875us)
time 2

NOTES:
1. Unit : number of cycle for 12C system clock Viic
The SSC value is the decimal notation value of the SSC4 to SSCO btis. Do not set “0” or odd
numbers to the SSC setting. The values in () are examples when the S2DO0 register is set to “1816”"
at Vic = 4 MHz.
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16.13 Address Data Communication

This section describes data transmit control when a master transferes data or a slave receives data in 7-bit

address format. Figure 16.20 (1) shows a master transmit format.

(1) A master transmit device transmits data to a receive device

S : START condition
A : ACK bit

P _ : STOP condition
R/W : Read/Write bit

S Slave address || RIW | A Data A Data AA| P
7 bits 0" 1-8 bits 1-8 bits
(2) A master receive device receives data from a transmit device
S Slave address | RIW | A Data A Data A P
7 bits “1” 1-8 bits 1-8 bits

Figure 16.20 Address data communication format

16.13.1 Example of Master Transmit

For example, a master transmits data as shown below when following conditions are met: standard clock

mode, SCL clock frequency of 100kHz and ACK clock added.

1) Set s slave address to the 7 high-order bits in the SODO register
2) Set “8516” to the S20 register, “0002” to the ICK4 to ICK2 bits in the S4D0 register and “0016” to the
S3DO registe to generate an ACK clock and set SCL clock frequency t 100 kHz (f1.=8MHz, fiic=f1)

3) Set “0016” to the S10 register to reset transmit/receive

4) Set “0816" to the S1DO register to enable data communication

5) Confirm whether the bus is free by BB flag setting in the S10 register

6) Set “E016" to the S10 register to enter START condition standby mode

7) Set the destination address in 7 high-order bits and "0" to a least significant bit in the SO0 register
to generate START condition. At this time, the first byte consisting of SCL and ACK clock are

automatically generated

8) Set a transmit data to the SO0 register. At this time, SCL and an ACK clock are automatically

generated

9) When transmitting more than 1-byte control data, repeat the above step 8).
10) Set “C016” in the S10 register to enter STOP condition standby mode if ACK is not returned from

the slave receiver or if the transmit is completed

11) Write dummy data to the SO0 regiser to generate STOP condition
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16.13.2 Example of Slave Receive
For example, a slave receives data as shown below when following conditions are met: high-speed clock
mode, SCL frequency of 400 kHz, ACK clock added and addressing format.

1) Set a slave address in the 7 high-order bits in the SODO register

2) Set "A516" to the S20 register, “0002” to the ICK4 to ICK2 bits in the S4D0 register, and “0016” to the
S3DO register to generate an ACK clock and set SCL clock frequency at 400kHz (f1=8MHz)

3) Set “0016” to the S10 register to reset transmit/receive mode

4) Set “0816" to the S1DO register to enable data communication

5) When a START condition is received, addresses are compared

6) *When the transmitted addresses are all "0" (general call), the ADRO bit in the S10 register is setto "1"
and an I12C bus interface interrupt request signal is generated.

*When the transmitted addresses match with the address set in 1), the ASS bit in the S10 register
is set to “1” and an 12C bus interface interrupt request signal is generated.

«In other cases, the ADRO and AAS bits are set to “0” and 12C bus interface interrupt request signal
is not generated.

7) Write dummy data to the SO0 register.

8) After receiving 1-byte data, an ACK-CLK bit is automatically returned and an 12C bus interface
interrupt request signal is generated.

9) To determine whether the ACK should be returned depending on contents in the received data, set
dummy data to the SO0 register to receive data after setting the WIT bit in te S3DO0 register to "1"
(enable the 12C bus interface interrupt of data receive completion). Because the 12C bus interface
interrupt is generated when the 1-byte data is received, set the ACKBIT bit to "1" or "0" to output a
signal from the ACKBIT bit.

10) When receiving more than 1-byte control data, repeat steps 7) and 8) or 7) and 9).

11) When a STOP condition is detected, the communication is ended.
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16.14 Precautions

(1) Access to the registers of I2C bus interface circuit

The following is precautions when read or write the control registers of 12C bus interface circuit

*S00 register
Do not rewrite the SO0 register during data transfer. If the bits in the SO0 register are rewritten, the bit
counter for transfer is reset and data may not be transferred successfully.

*S1DO0 register
The BC2 o BCO bits are set to "0002" when START condition is detected or when 1-byte data transfer
is completed. Do not read or write the S1DO register at this timing. Otherwise, data may be read or
written unsuccessfully. Figure 16.22 and Figure 16.23 show the bit counter reset timing.

*S20 register
Do not rewrite the S20 register except the ACKBIT bit during transfer. If the bits in the S20 register
except ACKBIT bit are rewritten, the 12C bus clock circuit is reset and data may be transferred incom-
pletely.

*S3DO0 register
Rewrite the ICK4 to ICKO bits in the S3DO0 register when the ESO bit in the S1DO0 register is set to "0"
(12C bus interface is disabled). When the WIT bit is read, the internal WAIT flag is read. Therefore, do
not use the bit managing instruction(read-modify-write instruction) to access the S3DO0 register.

*S10 register
Do not use the bit managing instruction (read-modify-write instruction) because all bits in the S10
register will be changed, depending on the communication conditions. Do not read/write when te com-
munication mode select bits, the MST and TRX bits, are changing their value. Otherwise, data may be
read or written unsuccessfully. Figurel6.21 to Figure 16.23 show the timing when the MST and TRX
bits change.
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ScL

SpA

BB flag 17
Bit reset signal ! ﬁ
Related bits I:L 5Vie cvcle
MST ' y
TRX

Figure 16.21 The bit reset timing (The STOP condition detection)

BCO - BC2
TRX(slave mode)

|

ScL
SpA :
-
BB flag ! !
Bit reset signal
Related bits

Figure 16.22 The bit reset timing (The START condition detection)

Sc. [ ] [

PIN bit
I

i The bits referring
. . ' to reset

Bit reset signal - [l

I I

. . 2Vic cycle
Bit set signal !_! The bits referring
A to set
1Vic cycle

|
[

BCO - BC2

MST(When in arbitration lost)

TRX(When in NACK receive in slave
transmit mode)

TRX(ALS=0 meanwhile the slave
receive R/W bit =1

J

Figure 16.23 Bit set/reset timing ( at the completion of data transfer)
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(2) Generation of RESTART condition
In order to generate a RESTART condition after 1-byte data transfer, write “E016” to the S10 register,
enter START condition standby mode and leave the SDAMM open. Generate a START condition trigger
by setting the SO0 register after inserting a sufficient software wait until the SDAMM outputs a high-level
("H") signal. Figure 16.24 shows the RESTART condition generation timing.

8 clock ACK

ScL
clock

SDA >\

S1I writing signal
( START condition setting standby)

H Insert software wait

SOl writing signal H
(START condition trigger generation) :

Figure 16.24 The time of generation of RESTART condition

(3) limitation of CPU clock
When the CMO7 bit in the CMO register is set to "1" (subclock), each register of the 12C bus interface
circuit cannot be read or written. Read or write data when the CMO7 bit is set to "0" (main clock, PLL

clock, or on-chip oscillator clock).
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17. Programmable I/O Ports

Note
Ports P04 to P07, P1lo to P14, P34 to P37 and P95 to P97 are not available in M16C/28 (64-pin

package).

The programmable input/output ports (hereafter referred to simply as “I/O ports”) consist of 71 lines PO,
P1,P2, P3, P6, P7, P8, P9, P10 (except P94) for the 80-pin package, or 55 lines P0Oo to P03, P15 to P17, P2,
P30 to P33, P6, P7, P8, P90 to P93, P10 for the 64-pin package. Each port can be set for input or output
every line by using a direction register, and can also be chosen to be or not be pulled high in sets of 4 lines.
Figures 17.1 to 17.4 show the 1/O ports. Figure 17.5 shows the I/O pins.

Each pin functions as an I/O port, a peripheral function input/output.

For details on how to set peripheral functions, refer to each functional description in this manual. If any pin
is used as a peripheral function input, set the direction bit for that pin to “0” (input mode). Any pin used as an
output pin for peripheral functions is directed for output no matter how the corresponding direction bit is set.

17.1 Port Pi Direction Register (PDi Register,i =0to 3, 6 to 10)

Figure 17.6 shows the direction registers.
This register selects whether the 1/O port is to be used for input or output. The bits in this register corre-
spond one for one to each port.

17.2 Port Pi Register (Pi Register,i=0to 3, 6to 10)

Figure 17.7 shows the Pi registers.

Data input/output to and from external devices are accomplished by reading and writing to the Pi register.
The Pi register consists of a port latch to hold the output data and a circuit to read the pin status. For ports
set for input mode, the input level of the pin can be read by reading the corresponding Pi register, and data
can be written to the port latch by writing to the Pi register.

For ports set for output mode, the port latch can be read by reading the corresponding Pi register, and data
can be written to the port latch by writing to the Pi register. The data written to the port latch is output from
the pin. The bits in the Pi register correspond one for one to each port.

17.3 Pull-up Control Register 0 to 2 (PURO to PUR2 Registers)

Figure 17.8 shows the PURO to PUR2 registers.

Registers PURO to PUR2 select whether the ports, divided into groups of four ports, are pulled up or not.
The ports, selected by setting the bits in registers PUR2 to PURO to “1” (pull-up), are pulled up when the
direction registers are set to “0” (input mode). The ports are pulled up regardless of their function.

17.4 Port Control Register (PCR Register)

Figure 17.9 shows the port control register.
When the P1 register is read after setting the PCRO bit in the PCR register to “1”, the corresponding port
latch can be read no matter how the PD1 register is set.
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17.5 Pin Assignment Control Register (PACR)

Figure 17.10 shows the PACR register. After reset, set bits PACR2 to PACRO in the PACR register before
a signal is input or output to each pin. When bits PACR2 to PACRO are not set, some pins do not function
as I/0 ports.

Bits PACR2 to PACRO: control pins to be used
Value after reset: 0002.
To select the 80-pin package, set the bits to 0112.
To select the 64-pin package, set the bits to 0102.

U1MAP bit: controls pin assignments for the UART1 function.

To assign the UART1 function to P64/CTS1/RTS1, P65/CLK1, P66/RxD1, and P67/TxD1, set the UIMAP
bit to 0 (P67 to P64).

To assign the function to P70/CTS1/RTS1, P71/CLK1, P72/RxD1, and P73/TxD1, set the ULMAP bit to 1
(P73 to P70)

The PRC2 bit in the PRCR protects the PACR register. Set the PACR register after setting the PRC2 bit in
the PRCR register.

17.6 Digital Debounce Function

Two digital debounce function circuits are provided. Level is determined when level is held, after applying
either a falling edge or rising edge to the pin, longer than the programmed filter width time. This enables
noise reduction.

This function is assigned to INT5/INPC17 and NMI/SD. Digital filter width is set in the NDDR register and
the P17DDR register respectively. Figure 17.11 shows the NDDR register and the P17DDR register.
Additionally, a digital debounce function is disabled to the port P17 input and the port P85 input.

Filter width : (n+1) x 1/f8 n: count value set in the NDDR register and P17DDR register

The NDDR register and the P17DDR register decrement count value with f8 as the count source. The
NDDR register and the P17DDR register indicate count time. Count value is reloaded if a falling edge or a
rising edge is applied to the pin.

The NDDR register and the P17DDR register can be set 0016 to FF16 when using the digital debounce
function. Setting to FF16 disables the digital filter. See Figure 17.12 for details.
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Make sure the input voltage on each port will not exceed Vcc.

Figure 17.1 1/O Ports (1)

Rev. 2.00 Jan. 31, 2007 page 284 of 385 RENESAS
REJ09B0047-0200



M16C/28 Group (M16C/28, M16C/28B) 17. Programmable I/O Ports
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Figure 17.2 1/O Ports (2)
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Data bus—s—]| Port latch | :

qF1 %>0—LDT~;L ij
P

Analog input———————~o——¢

Input to respective peripheral functions @

1. - D B symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed Vcc.

Figure 17.3 1/O Ports (3)
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(€0

Rf

P96 Pull-up selection
(inside dotted-line
not included) —{ Direction register |1
T ij
(inside dotted-line \l | ’_DJ
included :
included) Data bus—s—]| Port latch | Pl W
< P
~N
Analog input oo
Input to respective peripheral functions é} ------------------
Pull-up selection
—|_Direction register |-
P87 j
!
N r[)DJ i
Data bus —- Portlatch | J
< ]
~N
Pull-up selection
—| Direction register |—
P86 j
!
N FDJ i
Databus —¢—] Port latch | J
< ]
~N
NOTES
T symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed Vcc.

Figure 17.4 1/0 Ports (4)
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g
CNVss B
CNVss signal input @ $ O
o
7T
R
RESET X
RESET signal input @ + O
pEY
7T
Note 1: ---a---- symbolizes a parasitic diode.
Make sure the input voltage on each port will not exceed Vcc.

Figure 17.5 1/O Pins
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b7 b6 b5 b4 b3 b2 bl bO

NOTES:

Port Pi Direction Register (i=0 to 3, 6 to 8, and 10) (1)

Symbol Address After Reset
PDO to PD3 03E216, 03E316, 03E616, 03E716 0016
| | PD6 to PD8 03EE16, 03EF16, 03F216 0016
1 PD10 03F616 0016
i+ | Bit Symbol Bit Name Function RW
PDi_0 Port Pio direction bit RW
Coeee PDi_1 Port Pi1 direction bit 0 : Input mode . RW
(Functions as an input port)
--------- PDi_2 Port Pi2 direction bit 1 : Output mode RW
S ERREEEET PDi_3 Port Pi3 direction bit (Functions as an output port)  |RWw/
PDi_4 Port Pi4 direction bit (i=0to 3, 6t08, and 10) RW
PDi_5 Port Pis direction bit RW
PDi_6 Port Pie direction bit RW
PDi_7 Port Pi7 direction bit RW

1. Set the PACR register.
In 80-/85- pin package, set PACR2, PACR1, PACRO to "0112"
In 64-pin package, set PACR2, PACR1, PACRO to "0102"

Port P9 Direction Register (1.2)

b7 b6 b5 b4 b3 b2 bl b0

NOTES:

Symbol Address After Reset
| PD9 03F316 0016
i1 | Bit Symbol Bit Name Function RW
i -{PD9_0 Port P9o direction bit RW
: — 0 : Input mode
------ PD9 1 Port P91 direction bit . .
= or ! frec fon ' (Functions as an input port) RW
--------- PD9_2 Port P92 direction bit 1: Output mode RW
L ERCEEEEEE PD9 3 Port P93 direction bit (Functions as an output port) RW
— Nothing is assigned. In an attempt to write to this bit, write “0”".
(b4) The value, if read, turns out to be indeterminate. -
PD9_5 Port P9s direction bit 0 : Input mode RW
(Functions as an input port)
PD9_6 Port P96 direction bit 1 : Output mode RW
(Functions as an output port)
PD9 7 Port P97 direction bit RW

1. Make sure the PD9 register is written to by the next instruction after setting the PRC2 bit in the
PRCR register to "1"(write enabled).
2. Set the PACR register.
In 80-/85-pin package, set PACR2, PACR1, PACRO to "0112"
In 64-pin package, set PACR2, PACR1, PACRO to "0102"

Figure 17.6 PDO to PD3 and PD6 to PD10 Registers
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Port Pi Register (i=0 to 3, 6 to 8 and 10) ()

Symbol Address After Reset
b7 b6 b5 b4 b3 b2 b1 bo POtoP3 03EO016, 03E116, 03E416, 03E516 Indeterminate
| | | | | | | P6 to P8 03EC16, 03ED16, 03F016 Indeterminate
P10 03F416 Indeterminate
oo 1| Bit Symbol Bit Name Function RW
A Pi_0 Port Pio bit The pin level on any I/O port which is RW
A " P set for input mode can be read by
- Pl Port Piz bit reading the corresponding bit in this RW
I E E E EEEETEREY Pi_2 Port Pi2 bit register. RW
T R Pi 3 Port Pi3 bit The pin level on any I/O port which is [ R\
R — — set for output mode can be controlled
Vo Ty Pi_4 Port Pi4 bit by writing to the corresponding bit in RW
R Pi_5 Port Pis bit this register RW
. " — 0:“L" level
DT Pi_6 Port Pis bit 1 level @) RW
RRE R EEEEEEEEERREEED Pi_7 Port Pi7 bit (i=0to 3, 6to8and 10) RW
NOTES:
1. Set the PACR register.
In 80-/85-pin package, set PACR2, PACR1, PACRO to "0112"
In 64-pin package, set PACR2, PACR1, PACRO to "0102"
Port P9 Register (1)
b7 b6 b5 b b3 b2 b1 B0 Symbol Address After Reset
| | | |><| | | | | P9 03F116 Indeterminate
Pt 1 r o1 1| Bit Symbol Bit Name Function RW
190 Port P9o bit The pin level on any 1/O port which is RW
e P9_1 Port P91 bit set for input mode can be read by RW
F P9 2 Port P92 bit reading the corresponding bit in this RW
[ = , register.
R P93 Port P93 bit The pin level on any 1/0 port whichis | RW
L L nEREEE e (bd) Nothing is assigned (@) set for output mode can be controlled -
R , by writing to the corresponding bit in
- PO5 Port P9s bit this register (except for P85) RW
 REAGRREETTEEEETEEEEE P9_6 Port P96 bit 0:“L" level RW
EEERECRTERETERERRE P9_7 Port P97 bit 1:"H level RW
NOTES:

1. Set the PACR register.
In 80-/85- pin package, set PACR2, PACR1, PACRO to "011>"
In 64-pin package, set PACR2, PACR1, PACRO to "0102"

2. Nothing is assigned. In an attempt to write t o this bit, write "0".
The value if read turns out to be "0".

Figure 17.7 PO to P3 and P6 to P10 Registers
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Pull-up Control Register 0 (1)
b7 b6 b5 b4 b3 b2 bl b0
| | Symbol Address After Reset
B I I PURO 03FC16 0016
Por o0 v Bit Symbol Bit Name Function RW
PUOO POo to PO3 pull-up 0 : Not pulled up RW
e PUO1 P04 to PO7 pull-up 1: Pulled up RW
R PUO2 P1o to P13 pull-up RW
Pl e PUO3 P14 to P17 pull-up RW
 SRRROCEOEEEED PU0O4 P20 to P23 pull-up RW
YRR PUO5 P24 to P27 pull-up RW
SRR EEEELELELE PU06 P30 to P33 pull-up RW
S CLLCITTIT PR PU0O7 P34 to P37 pull-up RW
NOTE:
1. The pin for which this bit is “1” (pulled up) and the direction bit is “0” (input mode) is pulled up.
Pull-up Control Register 1
b7 b6 DbS b4 b3 b2 b1 b0 Symbol Address After Reset
| PUR1 03FD16 0016
oo 0 | Bjt Symbol Bit Name Function RW
T A — Nothing is assigned. When write, set to "0". _
(b3-b0) When read, the content is "0".
R EEREEETEEEN PU14 P60 to P63 pull-up 0 : Not pulled high RW
R S PUL5 | P64 to P67 pull-up 1: Pulled high © RW
P mmmmmmemmsesseoneees PU16 P70 to P73 pull-up RW
RRREh bk PU17 P74 to P77 pull-up RW
NOTE:
1. The pin for which this bit is “1” (pulled up) and the direction bit is “0” (input mode) is pulled up.
Pull-up Control Register 2
b7 b6 b5 b4 b3 b2 bl bo
|><|><| | | | | | | Symbol Address After Reset
B I I PUR2 03FE16 0016
Bit Symbol Bit Name Function RW
PU20 P8o to P83 pull-up 0 : Not pulled up RW
s PU21 P84 to P87 pull-up 1: Pulled up RW
R PU22 P9o to P93 pull-up RW
S S A PU23 P9s to P97 pull-up RW
e PU24 P100 to P103 pull-up RW
S R SR — PU25 P104 to P107 pull-up RW
o] _ Nothing is assigned. When write, set to "0". .
(b7-b6) When read, the content is "0".
NOTE:
1. The pin for which this bit is “1” (pulled up) and the direction bit is “0” (input mode) is pulled up.

Figure 17.8 PURO to PUR2 Registers
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Port Control Register
by D6 DS b4 b3 b2 bl 0 Symbpl Address After Reset
PCR 03FF16 0016
o Bit Symbol Bit Name Function RW
3 PCRO Port P1 control bit Operation performed when the P1
P register is read
0: When the port is set for input,
- the input levels of Ploto P17 |[RW
pins are read. When set for
e output, the port latch is read.
1: The port latch is read
. regardless of whether the port
is set for input or output.
------- I Nothing is assigned. When write, set to "0". When read, its
(b7-b1) content is "0". -
Figure 17.9 PCR Register
Pin Assignment Control Register (1)
b7 b6 b5 b4 b3 b2 bl B0 Symbpl Address After Reset
PACR 025D16 0016
o ov v | Bit Symbol Bit Name Function RW
b0 1 1 PACRO | Pinenabling bit 010 : 64 pin RW
T S R 011 : 80 pin
A PACR1 All other values are reserved. Do |RW
e PACR2 not use. RW
Reserved bits Nothing is assigned. When write,
E ] (b6-b3) set to “0”. When read, its —_—
' content is “0”.
E UART1 pin remapping bit |UART1 pins assigned to
B ARRRRRLCCEREROLEREY ULIMAP 0: P67 to P64 RW
1:P73to P70
NOTE:
1. Set the PACR register by the next instruction after setting the PRC2 bit in the PRCR register to "1"(write
enable).

Figure 17.10 PACR Register
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NMI Digital Debounce Register (1.2)

b7 bo Symbol Address After Reset
NDDR 033E16 FF16
Function Setting Range |RW

If the set value =n,

............... - n = 0 to FE16; a signal with pulse width, greater than
(n+1)/f8, is input into NMI / SD 0016 to FF1s RW

- n = FF1s; the digital debounce filter is disabled and all
signals are input

NOTES:
1. Set the PACR register by the next instruction after setting the PRC2 bit in the PRCR register to "1"(write
enable).
2. When using the NMI interrupt to exit from stop mode, set the NDDR registert to "FF16" before entering
stop mode.

P17 Digital Debounce Register(1)

b7 bo Symbol Address After Reset
P17DDR 033F16 FFi6

If the set value =n,

............... - n =0 to FE16; a signal with pulse width, greater than
(n+1)/f8, is input into INPC17/ INTS 0016 to FF16 RW

- n = FF1s; the digital debounce filter is disabled and all
signals are input

Function Setting Range |RW

NOTE:
1. When using the INT5 interrupt to exit from stop mode, set the P17DDR registert to "FF16" before entering
stop mode.

Figure 17.11 NDDR and P17DDR Registers
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-Example of INT5 Digital Debounce Function (if PL7DDR = "0316")

Digital Debounce Filter

counting.

P

o u

© N

©

directly.

fg—= Clock
P17—= Port In Signal Out—To INT5
Data Bus— Reload Value Count Value — Data Bus
(write) (read)
fo U e e e e
Reload Value FF 03
Port In ]
Signal Out _-I
Count Value FF 03 02 01 03 02 01 00 FF
T 75\ 2 N B
(L) (2) 3] (4) (2)
Reload Value 03 FF
(continued)
Port In
(continued)
Signal Out
(continued)
Count Value FF 03 02 01 00 FF 03 02 FF
(continued) H H H . H H .
® @ ©

1. (Condition after reset). P1L.7DDR=FFu16. Pin input signal will be output directly.
2. Set the P17DDR register to "0316". The P17DDR register starts decrement along the f8 as a counter source, if the pin input level (e.g.,"L")

and the signal output level (e.g.,"H") are not matched.
3. The P17DDR register will stops counting when the pin input level and the signal output level are matched (e.g., both levels are "H") while

If the pin input level (e.g.,"L") and the signal output level (e.g.,"H") are not matched the P17DDR register will start decrement again after the
setting value is reloaded.
. When the P17DDR register is underflow, it stops counting and the signal output will output the same as pin input level (e.g."L").

If the pin input level (e.g.,"H") and the signal output level (e.g., "L") are not matched again, the P17DDR register will start decrement again
after the setting value is reloaded.
When the P17DDR register is underflow, it stops counting and the signal output will output the same as pin input level (e.g."H").

If the pin input level (e.g.,"H") and the signal output level (e.g., "L") are not matched again, the P17DDR register will start decrement again
after the setting value is reloaded.
. Set the P17DDR register to "FF16". The P17DDR register starts counting after the setting value is reloaded. Pin input signal will be output

Figure 17.12 Digital Debounce Filter
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Table 17.1 Unassigned Pin Handling in Single-Chip Mode

Pin Name Setting
Ports PO to P3, P6 to P10 Enter input mode and connect each pin to Vss via a resistor (pull-down);
or enter output mode and leave the pins open ®:24

Xout Leave pin open ©

XIN Connect pin to Vcc via a resistor (pull-up) ®

Avcc Connect pin to Vcc

AVss, VREF Connect pin to Vss
NOTES:

1. If the port enters output mode and is left open, it is in input mode before output mode is entered by program

w

after reset. While the port is in input mode, voltage level on the pins is indeterminate and power consumption
may increase. Direction register setting may be changed by noise or failure caused by noise. Configure
direction register settings regulary to increase the reliability of the program.

. Use the shortest possible wiring to connect the MCU pins to unassigned pins (within 2 cm).
. When the external clock or Vcc is applied to the XIN pin, set the pin as written above.
. In the 64-pin package, set bits PACR2, PACR1, and PACRO in the PACR register to 0102. In the 80-pin and

85-pin packages, set bits PACR2, PACR1, and PACRO to 0112.

. When the main clock oscillation is not used, set the CMO05 bit in the CMO register to 1 (main clock stops) to

reduce power consumption.

Microcomputer

Port PO to P3, P6 to P10

) (Inpu‘tmode) ;\/\/\/—
(input mode) F——AAN\—¢

(Output mode) Open

XIN —’\/V\/j

Xout Open

? Vvce
Avcc

AVss

Vref

Vss

In single-chip mode —

NOTE:
1. When using the 64-pin package, set the PACR2, PACR1 and PACRO bits to "010>"
When using the 80-/85-pin package, set the PACR2, PACR1 and PACRO bits to "011."

Figure 17.13 Unassigned Pins Handling
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18. Flash Memory Version

18.1 Flash Memory Performance
In the flash memory version, rewrite operation to the flash memory can be performed in three modes : CPU
rewrite mode, standard serial /0O mode and parallel I/O mode.
Table 18.1 lists specifications of the flash memory version. (Refer to Table 1.1 or Table 1.2 for the items
not listed in Table 18.1.

Table 18.1 Flash Memory Version Specifications

Item Specification
Flash memory operating mode 3 modes (CPU rewrite, standard serial I/O, parallel 1/0)
Erase block See Figures 18.1 t018.4 Flash Memory Block Diagram
Program method In units of word
Erase method Block erase
Program, erase control method Program and erase controlled by software command
Protect method Block 0 to block 5 are write protected by FMR16 bit.
In addition, the block 0 and block 1 are write protected by bit FMR02
Number of commands 5 commands
Program/Erase Block 0 to 5 (program space) | 100 times, 1,000 times (See Tables 1.5 and 1.6 Product Code)
Endurance® Block A and B (data space) | 100 times, 10,000 times (See Tables 1.5 and 1.6 Product Code)
Data Retentio 20 years (Topr = 55°C)
ROM code protection Parallel /O and standard serial /O modes are supported
NOTES:

1. Program and erase endurance is defined as number of program-erase cycles per block. If program and erase
endurance is n cycle (n=100, 1000, 10000), each block can be erased and programmed n cycles. For example, if a
2-Kbyte block A is erased after programming one-word data to each address 1,024 times, this counts as one
program and erase endurance. Data cannot be programmed to the same address more than once without erasing
the block. (rewrite prohibited).

2. To reduce the number of program and erase endurance when working with systems requiring numerous rewrites,
write to unused word addresses within the block instead of rewrite. Erase block only after all possible addresses are
used. For example, an 8-word program can be written 128 times maximum before erase becomes necessary.
Maintaining an equal number of times erasure between block A and block B will also improve efficiency. It is
recommended to track the total number of erasure performed per block and to limit the number of erasure.
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Table 18.2 Flash Memory Rewrite Modes Overview

Flash Memory CPU Rewrite Mode Standard Serial I/O Mode Parallel I/O Mode
Rewrite Mode
Function Software command execu- | A dedicated serial programer | A dedicated parallel pro-
tion by CPU rewrites the user | rewrites the user ROM area. | grammer rewrites the user
ROM area. Standard serial /O mode 1: |ROM area.
EW mode O: Clock synchronous serial
Rewritable in area other I/0
than flash memory Standard serial I/O mode 2:
EW mode 1: UART

Rewritable in flash memory

Areas which |User ROM area User ROM area User ROM area

can be rewritten

Operation Single chip mode Boot mode Parallel I/O mode
mode

ROM None Serial programmer Parallel programmer
programmer

18.1.1 Boot Mode

The microcomputer enters boot mode when a hardware reset is performed while a high-level ("H") signal
is applied to pins CNVss and P86 or while an "H" signal is applied to pins CNVss and P16 and a low-level
("L") signal is applied to the P8s. A program in the boot ROM area is executed.

The boot ROM area is reserved. The boot ROM area stores the rewrite control program for a standard
serial /0O mode before shipping. Do not rewrite the boot ROM area.
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18.2 Memory Map

The flash memory contains the user ROM area and the boot ROM area (reserved area). Figures 18.1 to
18.4 show a block diagram of the flash memory. The user ROM area has space to store the microcomputer
operation program in single-chip mode and two 2-Kbyte spaces: the block A and B.

The user ROM area is divided into several blocks. The user ROM area can be rewritten in CPU rewrite,
standard serial input/output, and parallel input/output modes.

However, to rewrite program in block 0 and 1 in CPU rewrite mode, set the FMRO2 bit in the FMRO register
to “1” (block 0, 1 rewrite enabled) and the FMR16 bit in the FMR1 register to “1"(blocks 0 to 4 rewrite
enabled).

Also, to rewrite program in blocks 2 to 4 in CPU rewrite mode, set the FMR16 bit in the FMR1 register to “1”
(blocks 0 to 4 rewrite enabled). When the PM10 bit in the PM1 register is set to “1”(data space access
enabled), block A and B can be available for use.

The boot ROM area (4-byte) is a reserved area. This boot ROM area has a standard serial /O mode control
program stored before shipping. Do not rewrite the boot ROM area.

(Data space)
00F00016 Block B 2K b ?
00F7FF16 ock B :2K bytes
00780016 Block A :2K bytes (@)
00FFFF16
(Program space)
0F400016
NOTES:
1. To specify a block, use the maximum even address in the block.
Block 3 : 16K bytes ©) 2. Blocks A and B are enabled for use when the PM10 bit in the PM1
register is set to "1".
3. Blocks 0 and 1 are enabled for programs and erasure when the
OF7FFF16 FMRO2 bit in the FMRO register is set to "1" and the FMR16 bit in
0F800016 the FMR1 register is set to "1". (CPU rewrite mode only)
4. The Boot ROM area is reserved. Do not rewrite.
5. Blocks 2 and 3 are enabled for programs and erasure when the
Block 2 : 16K bytes () FMR16 bit in the FMR1 register is set to "1". (CPU rewrite mode
only)
OFBFFF16
OFCO00016
Block 1 : 8K bytes ()
OFDFFF16
OFEO00016
O0FF00016
Block 0: 8K b @
ock 0 : 8K bytes 4K bytes (9
OFFFFF16 OFFFFF16
User ROM area Boot ROM area

Figure 18.1 Flash Memory Block Diagram (ROM capacity 48K byte)
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(Data space)
00F00016 ] )
00F7EF16 Block B :2K bytes
00F80016
Block A :2K bytes @
O00FFFF16 th
! (Program space) :
0F000016
Block 3 : 32K bytes ©) NOTES: _ _ _
1. To specify a block, use the maximum even address in the block.
2. Blocks A and B are enabled for use when the PM10 bit in the PM1
register is set to "1".
3. Blocks 0 and 1 are enabled for programs and erasure when the
FMRO2 bit in the FMRO register is set to "1" and the FMR16 bit in
OF7EFF the FMR1 register is set to "1". (CPU rewrite mode only)
OF8000. 16 4. The Boot ROM area is reserved. Do not rewrite.

16 5. Blocks 2 and 3 are enabled for programs and erasure when the
FMR16 bit in the FMR1 register is set to "1". (CPU rewrite mode
onl

Block 2 : 16K bytes (5 Z
OFBFFF16
OFCO00016
Block 1 : 8K bytes
OFDFFF16
OFE00016
O0FF00016
: 3)
Block 0 : 8K bytes 4K bytes @
OFFFFF16 OFFFFF16
User ROM area Boot ROM area

Figure 18.2 Flash Memory Block Diagram (ROM capacity 64K byte)
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(Data space)
00F00016 ] @
00F7FE16 Block B :2K bytes
00F80016
Block A :2K bytes (@
OOFFFF16 s
! (Program space) :
0E800016
Block 4 : 32K bytes )
OEFFFF16
0F000016
Block 3 : 32K bytes ()
NOTES:
1. To specify a block, use the maximum even address in the block.
2. Blocks A and B are enabled for use when the PM10 bit in the PM1
OF7FFF16 register is set to "1".
0F800016 3. Blocks 0 and 1 are enabled for programs and erasure when the
FMRO2 bit in the FMRO register is set to "1" and the FMR16 bit in
the FMR1 register is set to "1". (CPU rewrite mode only)
Block 2 : 16K bytes () 4. The Boot ROM area is reserved. Do not rewrite.
5. Blocks 2 to 4 are enabled for programs and erasure when the
FMR16 bit in the FMR1 register is set to "1". (CPU rewrite mode
OFBFFF16 only)
0FCO00016
Block 1 : 8K bytes (3
OFDFFF16
OFEO00016
OFF00016
: 3)
Block 0 : 8K bytes 4K bytes (4
OFFFFF16 OFFFFF16
User ROM area Boot ROM area

Figure 18.3 Flash Memory Block Diagram (ROM capacity 96K byte)
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00F00016

00F7FF16
00F80016

00FFFF16

0E000016

OE7FFF16
0E800016

OEFFFF16
0F000016

OF7FFF16
O0F800016

OFBFFF16
OFCO00016

OFDFFF16
OFE00016

OFFFFF16

(Data space)

Block B :2K bytes @

Block A :2K bytes @

(Program space)

Block 5 : 32K bytes ®)

Block 4 : 32K bytes )

Block 3 : 32K bytes )

Block 2 : 16K bytes ®

Block 1 : 8K bytes ®)

Block 0 : 8K bytes ®

User ROM area

NOTES:

1. To specify a block, use the maximum even address in the block.

2. Blocks A and B are enabled to use when the PM10 bit in the PM1
register is set to "1".

3. Blocks 0 and 1 are enabled for programs and erases when the
FMRO2 bit in the FMRO register is set to "1" and the FMR16 bit in
the FMR1 register is set to "1". (CPU rewrite mode only)

4. The boot ROM area is reserved. Do not access.

5. Blocks 2 to 5 are enabled for programs and erases when the FMR1
6 bit in the FMR1 register is set to "1". (CPU rewrite mode only)

OFFO00016

OFFFFF16

4K bytes ¥

Boot ROM area

Figure 18.4 Flash Memory Block Diagram (ROM capacity 128K byte)
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18.3 Functions To Prevent Flash Memory from Rewriting

The flash memory has a built-in ROM code protect function for parallel I/O mode and a built-in ID code
check function for standard input/output mode to prevent the flash memory from reading or rewriting.

18.3.1 ROM Code Protect Function
The ROM code protect function disables reading or changing the contents of the on-chip flash memory in
parallel I/O mode. Figure 18.5 shows the ROMCP address. The ROMCP address is located in a user
ROM area. To enable ROM code protect, set the ROMCP1 bit to “002", “012", or “102” and set the bit 5 to
bit 0 to “1111112".
To cancel ROM code protect, erase the block including the the ROMCP1 register in CPU rewrite mode or
standard serial /O mode.

18.3.2 ID Code Check Function

Use the ID code check function in standard serial input/output mode. Unless the flash memory is blank,
the ID code sent from the programmer and the 7-byte ID code written in the flash memory are compared
for match. If the ID codes do not match, the commands sent from the programmer are not acknowledged.
The ID code consists of 8-bit data, starting with the first byte, into addresses, OFFFDF16, OFFFE31s,
OFFFEB16, OFFFEF16, OFFFF316, OFFFF716, and OFFFFB16. The flash memory must have a program
with the ID code set in these addresses.
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ROM Code Protect Control Address(5)

b7 b6 b5 b4 b3 b2 bl bo S bol Add Fact Setti
ymbo ress actory Setting
|||1|1|1|1|1|1| ROMCP OFFFFF16 FF16 @
i+ 1| Bit Symbol Bit Name Function RW
P e (b5-b0) |Reserved Bit Set to “1” RW
P ROM Code Protect Level |27
- ROMCP1 .
] 1 Set Bit (1, 2, 3, 4) 00: RW
01:} Enables protect
10:
11: Disables protect RW
NOTES:

1. When the ROM code protect is active by the ROMCP1 bit setting, the flash memory is protected
against reading or rewriting in parallel /O mode.

2. Set the bit 5 to bit 0 to "1111112" when the ROMCPL1 bit is set to a value other than "112". If the bit 5 to
bit 0 are set to values other than "1111112", the ROM code protection may not become active by
setting the ROMCPL1 bit to a value other than "112".

3. To make the ROM code protection inactive, erase a block including the ROMCP address in standard
serial I/O mode or CPU rewrite mode.

4. The ROMCP address is set to "FF16" when a block, including the ROMCP address, is erased.

5. When a value of the ROMCP address is "0016" or "FF16", the ROM code protect function is disabled.

Figure 18.5 ROMCP Address

/\\/\_/5
Address = S | =

OFFFDF16 to OFFFDC16 Undefined instruction vector|

D1

OFFFE316 to OFFFEO16 |ID2 Overflow vector

OFFFE716 to OFFFE416 + BRK instruction vector

OFFFEB16 to OFFFES816 |ID3 Address match vector

OFFFEF16 to OFFFEC16 | ID4 Single step vector

OFFFF716 to OFFFF416 |ID6 DBC vector

OFFFF316 to OFFFF016 |ID5 + Watchdog timer vector

OFFFFB16 to OFFFF816 |ID7 NMI vector

OFFFFF16 to OFFFFC16 | ROMCP: Reset vector

— _
——
4 bytes
Figure 18.6 Address for ID Code Stored
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18.4 CPU Rewrite Mode

In CPU rewrite mode, the user ROM area can be rewritten when the CPU executes software commands.
The user ROM area can be rewritten with microcomputer mounted on a board without using the ROM
writer. The program and block erase commands are executed only in the user ROM area.

When the interrupt requests are generated during the erase operation in CPU rewirte mode, the flash
memory offers an erase suspend function to suspend the erase operation and process the interrupt opera-
tion. During the erase suspend function is operated, the user ROM area can be read by program.
Erase-write(EW) 0 mode and erase-write 1 mode are provided as CPU rewrite mode. Table 18.3 lists

differences between EW mode 0 and EW mode 1. One wait is required for the CPU erase-write control.

Table 18.3 EW Mode 0 and EW Mode 1

Item

EW mode 0

EW mode 1

Operation mode

Single chip mode

Single chip mode

Areas in which a
rewrite control
program can be located

User ROM area

User ROM area

Areas where
rewrite control
program can be
executed

The rewrite control program must be
transferred to any other than the flash
memory (e.g., RAM) before being
executed

The rewrite control program can be
excuted in the user ROM area

Areas which can be
rewritten

User ROM area

User ROM area
However, this excludes blocks with the
rewrite control program

Software command
Restrictions

None

» Program, block erase command
Cannot be executed in a block having
the rewite control program

» Read Status Register command
Cannot be executed

or erasing

Mode after programming

Read Status Register Mode

Read Array mode

CPU state during auto-
write and auto-erase

Operating

In a hold state (I/O ports retain the state
before the command is excuted®)

Flash memory status
detection (@)

* Read the FMRO0O, FMRO06, and
FMRO7 bits in the FMRO register
by program

» Execute the read status register
command to read the SR7, SR5,
and SR4 bits.

Read the FMR00, FMR06, and FMRQ7
bits in the FMRO registerby program

Condition for transferring
to erase-suspend®

Set the FMR40 and FMRA41 bits in
the FMRA4 register to "1" by program.

The FMR40 bit in the FMR4 register is
set to "1" and the interruput request of
an acknowledged interrupt is generated

NOTES:

1. Do not generate a DMA transfer.

2. Block 1 and Block 0 are enabled for rewrite by setting FMRO02 bit in the FMRO register to "1" and
setting FMR16 bit in the FMR1 register to "1". Block 2 to Block 5 are enabled for rewrite by setting

FMR16 bit in the FMR1 register to "1".

3. The time, until entering erase suspend and reading flash is enabled, is maximum /g(SR-£S) after

satisfying the conditions

Rev. 2.00 Jan. 31, 2007 Ppage 304 of 385
REJ09B0047-0200

RENESAS



M16C/28 Group (M16C/28, M16C/28B) 18. Flash Memory Version

18.4.1 EW Mode 0

The microcomputer enters CPU rewrite mode by setting the FMROL1 bit in the FMRO register to “1” (CPU
rewrite mode enabled) and is ready to accept software commands. EW mode 0 is selected by setting the
FMR11 bit in the FMR1 register to “0”".

To set the FMROL1 bit to “1”, set to “1” after first writing “0”. The software commands control programming
and erasing. The FMRO register or the status register indicates whether a programming or erasing opera-
tions is completed.

When entering the erase-suspend during the auto-erasing, set the FMR40 bit to “1” (erase-suspend
enabled) and the FMRA41 bit to “1” (suspend request). After waiting for td(SR-ES) and verifying the
FMRA46 bit is set to “1” (auto-erase stop), access to the user ROM area. When setting the FMR41 bit to “0”
(erase restart), auto-erasing is restarted.

18.4.2 EW Mode 1

EW mode 1 is selected by setting the FMR11 bit to “1” after the FMRO1 bit is set to “1” (set to “1” after first
writing “0").

The FMRO register indicates whether or not a programming or an erasing operation is completed. Read
status register cannot be read in EW mode 1.

When an erase/program command is initiated, the CPU halts all program execution until the command
operation is completed or erase-suspend request is generated.

When enabling an erase-suspend function, set the FMR40 bit to “1” (erase suspend enabled) and ex-
ecute block erase commands. Also, the interrupt to transfer to erase-suspend must be set enabled pre-
liminarily. When entering erase-suspend after td(SR-ES) from an interrupt is requested, interrupts can be
accepted.

When an interrupt request is generated, the FMR41 bit is automatically set to “1” (suspend request) and
an auto-erasing is suspended. If an auto-erasing has not completed (when the FMROO bit is “0”) after an
interrupt process is completed, set the FMR41 bit to “0” (erase restart) and execute block erase com-
mands again.
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18.5 Register Description

Figure 18.7 shows the flash memory control register 0 and flash memory control register 1. Figure 18.8
shows the flash memory control register 4.

18.5.1 Flash Memory Control Register 0 (FMRO)
*FMR 00 Bit
The FMROO bit indicates the operating state of the flash memory. Its value is 0 while the program,
erase, or erase-suspend command is being executed, otherwise, it is 1.

*FMRO1 Bit
The MICROCOMPUTER can accept commands when the FMRO1 bit is set to 1 (CPU rewrite mode).
To set the FMROL1 bit to 1, first set it to 0 and then 1. The FMROL1 bit is set to 0 only by writing 0.

*FMRO02 Bit
The combined setting of bits FMR02 and FMR16 enables program and erase in the user ROM area.
See Table 18.4 for setting details. To set the FMRO2 bit to 1, first set it to O and then 1. The FMR02
bit is valid only when the FMROL1 bit is set to 1 (CPU rewrite mode enable).

*FMSTP Bit
The FMSTP bit initializes the flash memory control circuits and minimizes power consumption in the
flash memory. Access to the on-chip flash memory is disabled when the FMSTP bit is setto 1. Set the
FMSTP bit by program in a space other than the flash memory.
Set the FMSTP bit to 1 if one of the following occurs:
*A flash memory access error occurs during erasing or programming in EW mode 0 (FMROO bit does
not switch back to 1 (ready)).
sLow-power consumption mode or on-chip oscillator low-power consumption mode is entered.
Figure 18.11 shows a flow chart illustrating how to start and stop the flash memory before and after
entering low power mode. Follow the procedure in this flow chart.
When entering stop or wait mode while the CPU rewrite mode is disabled, do not set the FMRO

register because the on-chip flash memory is automatically turned off and turned back on when
exiting.

*FMRO6 Bit
The FMRO6 bit is a read-only bit indicating an auto-program operation state. The FMRO6 bit is set to
1 when a program error occurs; otherwise, it is set to 0. For details, refer to 18.8.4 Full Status Check.

*FMRO7 Bit
The FMRO7 bit is a read-only bit indicating an auto-erase operation status. The FMRO7 bit is setto 1
when an erase error occurs; otherwise, it is set to 0. For details, refer to 18.8.4 Full Status Check.

Figure 18.9 shows a EW mode 0 set/reset flowchart, Figure 18.10 shows a EW mode 1 set/reset flow-
chart.
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18.5.2 Flash Memory Control Register 1 (FMR1)
*FMR11 Bit
EW mode 1 is entered by setting the FMR11 bit to 1 (EW mode 1). The FMR11 bit is valid only when
the FMROL1 bit is set to 1.

*FMR16 Bit
The combined setting of bits FMR02 and FMR16 enables program and erase in the user ROM area.
To set the FMR16 bit to 1, first set it to 0 and then 1. The FMR16 bit is valid only when the FMRO1 bit
is set to 1 (CPU rewrite mode enable).

*FMR17 Bit
If the FMR17 bit is set to 1 (with wait state), 1 wait state is inserted when blocks A and B are accessed,
regardless of the content of the PM17 bit in the PM1 register. The PM17 bit setting is reflected to
access other blocks and internal RAM, regardless of the FMR17 bit setting.
Set the FMR17 bit to 1 (with wait state) to rewrite more than 100 times (U7, U9).

Table 18.4 Protection using FMR16 and FMR02

FMR16 FMRO02 |Block A, Block B Block O, Block 1 | other user block
0 0 write enabled write disabled write disabled
0 1 write enabled write disabled write disabled
1 0 write enabled write disabled write enabled
1 1 write enabled write enabled write enabled

18.5.3 Flash Memory Control Register 4 (FMR4)

*FMR40 Bit
The erase-suspend function is enabled when the FMRA40 bit is set to 1 (enabled).

*FMR41 Bit
When the FMRA41 bit is set to 1 by program during auto-erasing in EW mode 0, erase-suspend mode
is entered. In EW mode 1, the FMRA41 bit is automatically set to 1 (suspend request) to enter erase-
suspend mode when an enabled interrupt request is generated. Set the FMR41 bit to O (erase restart)
to restart an auto-erasing operation.

*FMR46 Bit
The FMR46 bit is set to 0 during auto-erasing. Itis set to 1 in erase-suspend mode.
Do not access to flash memory when the FMR46 bit is set to 0.
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Flash Memory Control Register O

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset

|_| | 0 | 0 | | | | | FMRO 01B716 000000012
Bit Symbol Bit Name Function RW
._ FMRO00 RY/BY status flag 0: Busy (during writing or erasing) RO
o oo 1: Ready

FMRO1 CPU rewrite mode select bit(1) | 0: Disables CPU rewrite mode
(Disables software command) RW

1: Enables CPU rewrite mode
(Enables software commands)

[ EMRO02 Block O, 1 rewrite enable bit (2) | Set write protection for user ROM area
S N A (see Table 18.4) RW

T Flash memory stop bit (3, 5) 0: Starts flash memory operation
N FMSTP 1: Stops flash memory operation
(Enters low-power consumption state | R\
and flash memory reset)

o (b5-b4) | Reserved bit Setto ‘0" RW
[ FMRO06 Program status flag 0: Successfully completed
. ) 1: Completion error RO
FMRO7 |Erase status flag 0: Successfully completed
""""""""""""" @ 1: Completion error RO

NOTES:

1. To set the FMRO1 bit to “1”, write “1” to this bit immdediately after writing “0”. Do not generate an
interrupt or a DMA transfer between setting the bit to “0” and setting it to “1". Set this bit while the
P85/NMI/SD pin is held “H” when selecting the NMI function. Set by program in a space other than the
flash memory in EW mode 0. Set this bit to read alley mode and “0”

2. To set the FMRO2 bit to “1”, write "1" to this bit immediately after writing "0" while the FMRO1 bit is set
to “1”. Do not generate an interrupt or a DMA transfer between setting this bit to “0” and setting it to “1”.

3. Set this bit in a space other than the flash memory by program. When this bit is set to "1", access to
flash memory will be denied. To set this bit to "0" after setting it to "1", wait for 10 usec. or more after
setting it to "1". To read data from flash memory after setting this bit to "0", maintain tps wait time
before accessing flash memory.

4. This bit is set to “0” by executing the clear status command.

5. This bit is enabled when the FMROL1 bit is set to “1” (CPU rewrite mode). If the FMROL1 bit is set to 0",
this bit can be set to “1” by writing "1" to the FMROL1 bit. However, the flash memory does not enter
low-power consumption status and it is not initialized.

Flash Memory Control Register 1

b7 b6 bS b4 b3 b2 bl bo Symbol Address After Reset

[ | [oXDXDX] Y] Pwre 01B516 000XXX0X2
Bit Symbol Bit Name Function RW
©0) Reserved bit When read, its content is indeterminate | RO
FMR11 [EW mode 1 select bit (1) 0: EW mode 0 RW
' 1: EW mode 1
(b3b2) |Reserved bit When read, its content is indeterminate |
@ Nothing is assigned. When write, set to “0”. _
When read, its contect is indeterminate.
H {b5) Reserved bit Set to “0” RW
: ______________________ FMR16 B_Iock 0 to 5 rewrite enable Set write protection for user ROM RW
H bit (2) space(see Table 18.4)
0: Disable
: 1: Enable
FMR17 |[Block A, B access wait bit ) | 0: PM17 enabled RW

1: With wait state (1 wait)

NOTES:

1. To set the FMR11 bit to “1”, write "1" to this bit immediately after writing "0" while the FMRO1 bit is set to
"1". Do not generate an interrupt or a DMA transfer between setting the bit to “0” and setting it to “1".Set this
bit while the P85/NMI/SD pin is held “H” when the NMI function is selected. If the FMRO1 bit is set to “0”, the
FMRO1 bit and FMR11 bit are both set to “0”.

2. To set the FMR16 bit to “1”, write "1" to this bit immediately after writing "0" while the FMRO1 bit is set to
“1”. Do not generate an interrupt or a DMA transfer between setting the bit to “0” and setting it to “1”.

3. When rewriting more than 100 times, set this bit to “1” (with wait state). When the FMR17 bit is set to
“1"(with wait state), regardless of the PM17 bit setting, 1 wait state is inserted when accessing to blocks A
and B. The PM17 bit setting is enabled, regardless of the FMR17 bit setting, as to the access to other block
and the internal RAM.

Figure 18.7 FMRO and FMR1 Registers
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Flash Memory Control Register 4

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset

| o| | 0 | 0 | 0| 0| | | FMR4 01B316 010000002
| Bit Symbol Bit Name Function RW
P v *| EMRao |Erase suspend function 0: Disabled RW
enable bit (V) 1: Enabled
_____ FMR41 |Erase suspend 0: Erase restart RW
e request bit (2) 1: Suspend request
AT S S (bS——bZ) Reserved bit Set to “0” RO
____________________ FMR46 | Erase status 0: During auto-erase operation RO
1: Auto-erase stop
' (erase suspend mode)
] (b_7) Reserved bit Set to “0” RW

NOTES:

1. When setting this bit to “1”, set to “1” immediately after setting it first to “0”. Do not generate an
interrupt or a DMA transfer between setting the bit to “0” and setting it to “1”. Set by a program in a
space other than the flash memory in EW mode 0.

2. This bit is valid only when the erase-suspend enable bit (FMR40) is “1”. Writing is enabled only
between executing an erase command and completing erase (this bit is set to “0” other than the above
duration). This bit can be set to “0” or “1” by a program in EW mode 0. In EW mode 1, this bit is
automatically set to “1” when the FMRA40 bit is “1” and a maskable interrupt is generated during
erasing. Do not write to “1” by program (writing “0” is enabled).

Figure 18.8 FMR4 Register
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EW mode 0 operation procedure

l

.- -Rewrite control program - - - - - - - -

Single-chip mode

Set the FMRO1 bit to “1” after writing “0”
(CPU rewrite mode enabled) (2)

l

l

Set CM0, CM1, and PM1 registers (1)

Execute software commands

|

l

Transfer a rewrite control program to internal RAM

Execute the Read Array command ()

area

l

Jump to the rewrite control program transfered to an
internal RAM area (in the following steps, use the
rewrite control program internal RAM area)

Write “0” to the FMRO1 bit
(CPU rewrite mode disabled)

}

Jump to a specified address in the flash memory

NOTES:

1. Select 10 MHz or below for CPU clock using the CMO06 bit in the CMO register and CM17 to 16 bits in the CM1
register. Also, set the PM17 bit in the PM1 register to “1” (with wait state).

2. Set the FMROL1 bit to “1” immediately after setting it to “0”. Do not generate an interrupt or a DMA transfer
between setting the bit to “0” and setting it to “1”. Set the FMROL1 bit in a space other than the internal flash
memory. Also, set only when the P8s/NMI/SD pin is “H” at the time of the NMI function selected.

3. Disables the CPU rewrite mode after executing the read array command.

Figure 18.9 Setting and Resetting of EW Mode 0

NOTES:

EW mode 1 operation procedure

Program in ROM

l

Single-chip mode

!

Set CMO, CM1, and PML1 registers (1)

l

Set the FMROL1 bit to “1” (CPU rewrite mode
enabled) after writing “0”
Set the FMR11 bit to “1” (EW mode 1) after writing

0 2.3)
|

Execute software commands

l

Set the FMROL1 bit to “0”
(CPU rewrite mode disabled)

}

1. Select 10 MHz or below for CPU clock using the CMO06 bit in the CMO register and CM17 to 16 bits.
in the CML1 register. Also, set the PM17 bit in the PM1 register to “1” (with wait state).

2. Set the FMRO1 bits to “1” immediately after setting it to “0”. Do not generate an interrupt or a DMA
transfer between setting the bit to “0” and setting the bit to “1”. Set the FMRO1 bit in a space other
than the internal flash memory. Set only when the P85/NMI/SD pin is “H” at the time of the NMI
function selected.

3. Set the FMR11 bit to "1" immediately after setting it to "0" while the FMRO1 bit is set to "1". Do not
generate an interrupt or a DMA transfer between setting the FMR11 bit to "0" and setting it to "1".

Figure 18.10 Setting and Resetting of EW Mode 1
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Low power consumption l
l mode program ... _..._.. .
Transfer a low power internal consumption mode : Set the FMRO1 bit to “1” after setting “0” :
program to RAM area ' (CPU rewrite mode enabled) (@ :

! i | i

Set the FMSTP bit to “1” (flash memory stopped. .

Jump to the low power consumption mode * | Low power consumption state) (1) '
program transferred to internal RAM area. . '
(In the following steps, use the low-power ! l .

consumption mode program or internal RAM area) ! .
Switch the clock source of CPU clock. !

: Turn main clock off. (2) :

| i

Process of low power consumption mode or
on-chip oscillator low power consumption mode .

. Start main clock . . I . ,
oscillation - wait until oscillation stabilizes |

— switch the clock source of the CPU clock (2) .
Set the FMSTP bit to “0” (flash memory operation)

! z

: Set the FMROL bit to “0” :
. (CPU rewrite mode disabled)

| 1 |

Wait until the flash memory circuit stabilizes ( tps) (3

: | :

Jump to a desired address in the flash memory

NOTES:
1. Set the FMRSTP bit to “1” after setting the FMRO1 bit to “1"(CPU rewrite mode).
2. Wait until the clock stabilizes to switch the clock source of the CPU clock to the main clock or the sub clock.
3. Add a tps wait time by a program. Do not access the flash memory during this wait time.

Figure 18.11 Processing Before and After Low Power Dissipation Mode
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18.6 Precautions in CPU Rewrite Mode

Described below are the precautions to be observed when rewriting the flash memory in CPU rewrite mode.

18.6.1 Operation Speed

When the CPU clock source is the main clock, set the CPU clock frequency at 10 MHz or less with the
CMO06 bit in the CMO register and the CM17 and CM16 bits in the CM1 register, before entering CPU
rewrite mode (EW mode 0 or EW mode 1). Also, when selecting f3(ROC) of a on-chip oscillator as a CPU
clock source, set the ROCR3 and ROCR2 bits in the ROCR register to the CPU clock division rate at
“divide-by-4" or “divide-by-8", before entering CPU rewrite mode (EW mode 0 or EW mode 1).

In both cases, set the PM17 bit in the PM1 register to “1” (with wait state).

18.6.2 Prohibited Instructions

The following instructions cannot be used in EW mode 0 because the CPU tries to read data in the flash
memory: UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK instruction

18.6.3 Interrupts

EW Mode 0

« To use interrupts having vectors in a relocatable vector table, the vectors must be relocated to the
RAM area.

» The NMI and watchdog timer interrupts are available since the FMRO and FMR1 registers are
forcibly reset when either interrupt occurs. However, the interrupt program, which allocates the
jump addresses for each interrupt routine to the fixed vector table, is needed. Flash memory
rewrite operation is aborted when the NMI or watchdog timer interrupt occurs. Set the FMRO1 bit
to “1” and execute the rewrite and erase program again after exiting the interrupt routine.

 The address match interrupt can not be used since the CPU tries to read data in the flash memory.

EW Mode 1

» Do not acknowledge any interrupts with vectors in the relocatable vector table or the address
match interrupt during the auto program period or auto erase period with erase-suspend function
disabled.

18.6.4 How to Access
To set the FMR01, FMR02, FMR11 or FMR16 bit to “1”, write “1” immediately after setting to “0”. Do not
generate an interrupt or a DMA transfer between the instruction to set the bit to “0” and the instruction to
setit to “1”. When the NMI function is selected, set the bit while an “H” signal is applied to the P85/NMI/SD

pin.

18.6.5 Writing in the User ROM Area

18.6.5.1 EW Mode 0
« If the supply voltage drops while rewriting the block where the rewrite control program is stored,
the flash memory can not be rewritten, because the rewrite control program is not correctly rewrit-
ten. If this error occurs, rewrite the user ROM area in standard serial /O mode or parallel 1/0
mode.
18.6.5.2 EW Mode 1
« Do not rewrite the block where the rewrite control program is stored.
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18.6.6 DMA Transfer
In EW mode 1, do not generate a DMA transfer while the FMROO bit in the FMRO register is set to “0”".
(during the auto-programming or auto-erasing).

18.6.7 Writing Command and Data

Write the command codes and data to even addresses in the user ROM area.

18.6.8 Wait Mode
When entering wait mode, set the FMRO1 bit to “0” (CPU rewrite mode disabled) before executing the
WAIT instruction.

18.6.9 Stop Mode

When entering stop mode, the following settings are required:
* Set the FMRO1 bit to “0” (CPU rewrite mode disabled) and disable the DMA transfer before setting the
CM10 bit to “1” (stop mode).

18.6.10 Low Power Consumption Mode and On-Chip Oscillator-Low Power Consumption Mode
If the CMO5 bit is set to “1” (main clock stopped), do not execute the following commands.
* Program
* Block erase
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18.7 Software Commands

Read or write 16-bit commands and data from or to even addresses in the user ROM area. When writing

a command code, 8 high-order bits (D15-Ds) are ignored.

Table 18.5 Software Commands

First bus cycle Second bus cycle
Command Mode Address (Dlz?(t)aDo) Mode Address (D15D;aotaDo)
Read array Write X xxXFF1e
Read status register Write X xx7016 Read X SRD
Clear status register Write X xx5016
Program Write WA xx4016 Write WA WD
Block erase Write X xx2016 Write BA xxD016

SRD: Status register data (D7 to Do)

WA : Write address (However,even address)

WD : Write data (16 bits)

BA : Highest-order block address (However,even address)
X : Any even address in the user ROM area

xx : 8 high-order bits of command code (ignored)

18.7.1 Read Array Command (FF1e6)
The read array command reads the flash memory.
Read array mode is entered by writing command code ‘xxFF16’ in the first bus cycle. Content of a speci-
fied address can be read in 16-bit unit after the next bus cycle. The microcomputer remains in read array
mode until an another command is written. Therefore, contents of multiple addresses can be read con-
secutively.

18.7.2 Read Status Register Command (7016)
The read status register command reads the status register.
By writing command code ‘xx7016’ in the first bus cycle, the status register can be read in the second bus
cycle (Refer to 18.8 Status Register). Read an even address in the user ROM area. Do not execute this
command in EW mode 1.
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18.7.3 Clear Status Register Command (5016)

The clear status register command clears the status register to “0".
By writing ‘xx5016’ in the first bus cycle, and the FMRO06 to FMRO7 bits in the FMRO register and SR4 to
SR5 bits in the status register are set to “0".

18.7.4 Program Command (4016)

The program command writes 2-byte data to the flash memory.

Auto program operation (data program and verify) start by writing ‘xx4016’ in the first bus cycle and data
to the write address specified in the second bus cycle. The address value specified in the first bus cycle
must be the same even address as the write address secified in the second bus cycle.

The FMROO bit in the FMRO register indicates whether an auto-programming operation has been com-
pleted. The FMROO bit is set to “0” during the auto-program and “1” when the auto-program operation is
completed.

After the completion of auto-program operation, the FMRO06 bit in the FMRO register indicates whether or
not the auto-program operation has been successfully completed. (Refer to 18.8.4 Full Status Check).
Also, each block can disable programming command (Refer to Table 18.4).

An address that is already written cannot be altered or rewritten.

When commands other than the program command are executed immediately after executing the pro-
gram command, set the same address as the write address specified in the second bus cycle of the
program command, to the specified address value in the first bus cycle of the following command.

In EW mode 1, do not execute this command on the blocks where the rewrite control program is allo-
cated.

In EW mode 0, the microcomputer enters read status register mode as soon as the auto-program opera-
tion starts and the status register can be read. The SR7 bit in the status register is set to “0” as soon as the
auto-program operation starts. This bit is set to “1” when the auto-program operation is completed. The
microcomputer remains in read status register mode until the read array command is written. After
completion of the auto-program operation, the status register indicates whether or not the auto-program
operation has been successfully completed.

[ Start J

v

Write command code "xx4016" to
the write address (1)

v

Write data to the write address (1)

YES

Full status check(®

v

[ Program completed ]

NOTES:
1. Write the command code and data at even address.
2. Refer to Figure 18.15.

Figure 18.12 Flow Chart of Program Command
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18.7.5 Block Erase
Auto erase operation (erase and verify) start in the specified block by writing ‘xx2016’ in the first bus cycle
and ‘xxD016’ to the highest-order even addresse of a block in the second bus cycle.
The FMROO bit in the FMRO register indicates whether the auto-erase operation has been completed.
The FMROO bit is set to “0” (busy) during the auto-erase and “1” (ready) when the auto-erase operation is
completed.
When using the erase-suspend function in EW mode 0, verify whether a flash memory has entered erase
suspend mode, by the FMR46 bit in the FMR4 register. The FMR46 bit is set to “0” during auto-erase
operation and “1” when the auto-erase operation is completed (entering erase-suspend).
After the completion of an auto-erase operation, the FMRO7 bit in the FMRO register indicates whether or
not the auto-erase operation has been successfully completed. (Refer to 18.8.4 Full Status Check).
Also, each block can disable erasing. (Refer to Table 18.4).
Figure 18.13 shows a flow chart of the block erase command programming when not using the erase-
suspend function. Figure 18.14 shows a flow chart of the block erase command programming when
using an erase-suspend function.
In EW mode 1, do not execute this command on the block where the rewrite control program is allocated.
In EW mode 0, the microcomputer enters read status register mode as soon as the auto-erase operation
starts and the status register can be read. The SR7 bit in the status register is set to “0” at the same time
the auto-erase operation starts. This bit is set to “1” when the auto-erase operation is completed. The
microcomputer remains in read status register mode until the read array command is written.
When the erase error occurs, execute the clear status register command and block erase command at
leaset three times until an erase error does not occur.

[ Start J
v

Write command code ‘xx2016’ (1)

v

Write ‘xxD016’ to the highest-order
block address ()

NO

YES

Full status check (2:3)

'

[ Block erase completed ]

NOTES:
1. Write the command code and data at even address.
2. Refer to Figure 18.15.
3. Execute the clear status register command and block erase command at least 3 times
until an erase error is not generated when an erase error is generated.

Figure 18.13 Flow Chart of Block Erase Command (when not using erase suspend function)
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(EW mode 0)

( Start ) ( Interrupt service routine (3) )

v v

FMR40=1 FMR41=1

v

Write the command code
‘xx2016" (1)
v NO
Write ‘xxD016’ to the highest-order
block address

YES

Access Flash Memory

v

FMR41=0

YES

Full status check (2:4)

[ Block erase completed ]

Return .
Interrupt service routine end)

(EW mode 1)
( Start j ( Interrupt service routine J
v v
FMR40=1 Access Flash Memory
Write the command code & Return J
%x2016" (1) Interrupt service routine end)
v

Write ‘xxD016’ to the highest-order
block address (1)

|————————————————————————
FMR41=0
NO
YES

Full status check (24

[ Block erase completed ]

NOTES:
1. Write the command code and data to even address.
2. Execute the clear status register command and block erase command at least 3 times until an
erase error is not generated when an erase error is generated.
3. In EW mode 0, allocate an interrupt vector table of an interrupt, to be used, to the RAM area.
4. Refer to Figure 18.15.

Figure 18.14 Block Erase Command (at use erase suspend)
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18.8 Status Register
The status register indicates the operating status of the flash memory and whether or not erase or pro-
gram operation is successfully completed. The FMR00, FMRO06, and FMRO7 bits in the FMRO register
indicate the status of the status register.
Table 18.6 lists the status register.
In EW mode 0, the status register can be read in the following cases:
(1) Any even address in the user ROM area is read after writing the read status register command
(2) Any even address in the user ROM area is read from when the program or block erase command is
executed until when the read array command is executed.

18.8.1 Sequence Status (SR7 and FMROO Bits )

The sequence status indicates the flash memory operating status. It is set to “0” (busy) while the auto-
program and auto-erase operation is being executed and “1” (ready) as soon as these operations are
completed. This bit indicates “0” (busy) in erase-suspend mode.

18.8.2 Erase Status (SR5 and FMROQ7 Bits)
Refer to 18.8.4 Full Status Check.

18.8.3 Program Status (SR4 and FMRO06 Bits)
Refer to 18.8.4 Full Status Check.

Table 18.6 Status Register

Bits in the | Bitsin the Contents Value
SRD register| FMRO Status name — — after
register 0 1 reset

SR7 (D7) FMROO Sequence status Busy Ready 1
SR6 (Ds) — Reserved - - —

SR5 (Ds) FMRO7 Erase status Completed normally | Terminated by error 0

SR4 (D4) FMRO6 Program status Completed normally | Terminated by error 0
SR3 (D3)  — Reserved - - —_—
SR2 (D2) —_— Reserved - - e
SR1 (D1) S Reserved - - _—
SRO (Do) E— Reserved - - —

D7 to Do: Indicates the data bus which is read out when executing the read status register command.
» The FMRO7 bit (SR5) and FMRO6 bit (SR4) are set to “0” by executing the clear status register command.
» When the FMRO7 bit (SR5) or FMRO6 bit (SR4) is set to "1", the program and block erase command are not accepted.
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18.8.4 Full Status Check
If an error occurs, the FMR06 to FMRO7 bits in the FMRO register are set to “1”, indicating a specific error.
Therefore, execution results can be comfirmed by verifying these status bits (full status check).
Table 18.7 lists errors and FMRO register state. Figure 18.15 shows a flow chart of the full status check
and handling procedure for each error.

Table 18.7 Errors and FMRO Register Status
FMRO Register
(SRD register)
status Error Error occurrence condition
FMRO7 FMRO06
(SR5) (SR4)
1 1 Command * An incorrect commands is written
sequence error | « A value other than ‘xxD016’ or ‘xxFF16’ is written in the second
bus cycle of the block erase command )
» When the block erase command is executed on an protected block
» When the program command is executed on protected blocks

1 0 Erase error » The block erase command is executed on an unprotected block
but the program operation is not successfully completed
0 1 Program error | » The program command is executed on an unprotected block but

the program operation is not successfully completed

NOTE:
1. The flash memory enters read array mode by writing command code ‘xxFF16’ in the second bus cycle
of these commands. The command code written in the first bus cycle becomes invalid.

Rev. 2.00 Jan. 31,2007 Ppage 319 of 385 RENESAS
REJ09B0047-0200



M16C/28 Group (M16C/28, M16C/28B) 18. Flash Memory Version

( Full status check )

and Command (1) Execute the clear status register command and set
FMRO7=1? sequence error ot the status flag to “0” whether the command is
entered.

(2) Execute the command again after checking that the
correct command is entered or the program
command or the block erase command is not
executed on the protected blocks.

[ J (1) Execute the clear status register command and set
Erase error .-

FMRO7=0? the erase status flag to “0”.

(2) Execute the block erase command again.
(3) Execute (1) and (2) at least 3 times until an erase
YES error does not occur.

Note 1: If the error still occurs, the block can not be
used.

[During programming]

— NO (1) Execute the clear status register command and set
FMR06=0" Programerror  |= = =" the program status flag to “0”.
(2) Execute the Program command again.
YES Note 2: If the error still occurs, the block can not be

used.

v

[Full status check completed]

Note 3: If the FMR06 or FMRO7 bits is “1”, any of the program or block erase command cannot be
accepted. Execute the clear status register command before executing those commands.

Figure 18.15 Full Status Check and Handling Procedure for Each Error
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18.9 Standard Serial I/O Mode

In standard serial I/O mode, the serial programmer supporting the M16C/28 group can be used to rewrite
the flash memory user ROM area, while the microcomputer is mounted on a board. For more information
about the serial programmer, contact your serial programmer manufacturer. Refer to the user’s manual
included with your serial programmer for instruction.

Table 18.8 lists pin description (flash memory standard serial input/output mode). Figures 18.16 and
18.17 show pin connections for standard serial input/output mode.

18.9.1 ID Code Check Function
The ID code check function determines whether or not the ID codes sent from the serial programmer
matches those written in the flash memory. (Refer to 18.3 Functions To Prevent Flash Memory from
Rewriting.)
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Table 18.8 Pin Descriptions (Flash Memory Standard Serial /0 Mode)

Pin Name 110 Description

Vee,Vss Power input Apply the \_/oltage guaranteed for Program and Erase to Vcc pin and 0
V to Vss pin.

CNVss CNVss | Connect to Vcc pin.

RESET Reset input | Reset input pin. While RESET pin is "L" level, wait for td(ROC).

XIN Clock input | Connect a ceramic resonator or crystal oscillator between XiN and
XouT pins. To input an externally generated clock, input it to XIN pin

Xout Clock output O [ and open XouT pin.

Avcc, AVss Analog power supply input Connect AVss to Vss and AVcc to Vcc, respectively.

Vref Reference voltage input | Enter the reference voltage for AD conversion.

POo to PO7 Input port PO | Input "H" or "L" level signal or leave open.

Ploto P15, P17 | Input port P1 | Input "H" or "L" level signal or leave open.

P16 P16 input I Connect this pin to Vcc while RESET pinis “L”. ()

P20 to P27 Input port P2 | Input "H" or "L" level signal or leave open.

P30 to P37 Input port P3 | Input "H" or "L" level signal or leave open.

P60 to P63 Input port P6 | Input "H" or "L" level signal or leave open.
Standard serial /O mode 1: BUSY signal output pin

P64 BUSY output O Standard serial I/O mode 2: Monitor signal output pin for boot program

operation check
: Standard serial I/O mode 1: Serial clock input pin

P6s SCLK input : Standard serial I/O mode 2: Input "L".

P66 RxD input | Serial data input pin

P67 TxD output O | Serial data output pin (@)

P70to P77 Input port P7 | Input "H" or "L" level signal or leave open.

Egg to P84, Input port P8 | Input "H" or "L" level signal or leave open.

P85 RP input I | Connect this pin to Vss while RESET pinis “L". (2

P86 CE input I | Connect this pin to Vcc while RESET pinis “L". @

P9o to P91, g ey :

P9s to P97 Input port P9 | Input "H" or "L" level signal or leave open.

P92 Input port P92 | Input "H" or "L" level signal or leave open.

128K /10 "H" i ific time. "H" i .
P93 Input port P93 Output "H" level signal for specific time. Input "H" level signal or leave open
others | Input "H" or "L" level signal or leave open.
P100 to P107 Input port P10 | Input "H" or "L" level signal or leave open.

NOTES:

1. When using standard serial I/O mode 1, to input “H” to the TxD pin is necessary while the RESET pin
is held “L". Therefore, connect this pin to Vcc via a resistor. Adjust the pull-up resistor value on a

system not to affect a data transfer after reset, because this pin changes to a data-output pin
2. Set the following, either or both.

-Connect the CE pin to Vcc.

-Connect the RP pin to VSS and P1s pin to Vcc.
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circuit

NOTES:

Vss

_ 1
CE
D
Ve

RP
1)

1. Set the following, either or both, in serial I/O Mode, while the RESET pin is applied a low-level ("L") signal.
-Connect the CE pin to Vcc.
-Connect the RP pin to Vss and the P16 pin to Vcc.

Mode setup method

Signal | Value

CNVss Vcc

Reset Vssto Vcc

Figure 18.16 Pin Connections for Serial 1/0 Mode (1)
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=
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O

M16C/28 Group (80-Pin Package)
(M16C/28, M16C/28B)
(Flash memory version)

TxD

PLQPOO80KB-A(80P6Q-A)
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LS el < Ll J_|_|_|_ mﬂﬂ_ij_[iﬂij_\:ﬂ;ea:zza
Mode setup method
) Signal | Value
CNVss| Vcc
~—~ Reset Mssto Vcc
Connect
oscillator
circuit

Q
(3]
>

7 o
@ @
NOTES:

1. Set the following, either or both, in serial I/O Mode, while the RESET pin is applied a low-level ("L") signal.
-Connect the CE pin to Vcc.
-Connect the RP pin to Vss and the P16 pin to Vcc.

Vss
RESED
1)

Figure 18.17 Pin Connections for Serial I/O Mode (2)
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18.9.2 Example of Circuit Application in Standard Serial /0O Mode
Figure 18.18 shows an example of a circuit application in standard serial I/O mode 1 and Figure 18.19
shows an example of a circuit application in standard serial I/O mode 2. Refer to the user's manual of your
serial programmer to handle pins controlled by the serial programmer.

Microcomputer

SCLK input

BUSY output BUSY P16
( RxD input ) | RxD

CNVss
Reset input RESET

U

XD

® p=| SCLK
% P86(CE)

User reset P85(RP)
singnal

@)

(1) Controlling pins and external circuits vary with the serial programmer. For more
information, refer to the user's manual included with the serial programmer.

(2) In this example, a selector controls the input voltage applied to CNVss to switch
between single-chip mode and standard serial /0O mode.

(3) In standard serial input/output mode 1, if the user reset signal becomes “L” while
the microcomputer is communicating with the serial programmer, break the
connection between the user reset signal and the RESET pin using a jumper
switch.

NOTES:
1. Set the following, either or both.
- Connect the CE pin to Vcc
- Connect the RP pin to Vss and the P16 pin to Vcc

Figure 18.18 Circuit Application in Standard Serial I/O Mode 1
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Microcomputer

; | SCLK P86(CE)

1)
Monitor output BUSY Ple
( RxD input ) =1 RxD
CNVss
P85(RP)

W
[
~

(1) In this example, a selector controls the input voltage applied to CNVss to switch
between single-chip mode and standard serial /O mode.

NOTES:
1. Set the following, either or both.
- Connect the CE pin to Vcc
- Connect the RP pin to Vss and the P16 pin to Vcc

Figure 18.19 Circuit Application in Standard Serial 1/O Mode 2
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18.10 Parallel 1/O Mode

In parallel input/output mode, the user ROM can be rewritten by a parallel programmer supporting the
M16C/28 group. Contact your parallel programmer manufacturer for more information on the parallel pro-
grammer. Refer to the user’'s manual included with your parallel programmer for instructions.

18.10.1 ROM Code Protect Function

The ROM code protect function prevents the flash memory from being read or rewritten. (Refer to 18.3
Functions To Prevent Flash Memory from Rewriting).
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19. Electrical Characteristics
The electrical characteristics of the M16C/28 Group Normal-ver. are listed below.

Table 19.1 Absolute Maximum Ratings

Symbol Parameter Condition Value Unit
Vce Supply Voltage Veec= AVcee -0.3t0 6.5 \%
AVce Analog Supply Voltage Veec= AVee -0.3t06.5 \%
Vi Input Voltage PQo to P07, P1loto P17, P20 to P27,

P30 to P37, P6oto P67, P7oto P77,
P8o to P87, P9oto P93, P9s to P97, -0.3toVec+0.3 | V

P10oto P107,
XN, Vref, RESET, CNVss

Vo Output Voltage |POoto P07, Ploto P17, P2oto P27,
P30 to P37, P6oto P67, P7oto P77,
P8o to P87, P9o to P93, P95 to P97, -0.3to Vec+ 0.3 | V
P10o0to P10y,
Xour
Pd Power Dissipation -40 < Topr<85° C 300 mw
. . -20to 85/ R
during CPU operation -40 to 850 C
Operating Program Space 0to 60 °C
Topr Ambient during flash memory (Block 0 to Block 5)
Temperature | program and erase Data S 0to 60/
operation ata space -20t0 85/ °C
(Block A, Block B) -40 to 85®
Tstg Storage Temperature -65 to 150 °C

NOTE:
1. Refer to Tables 1.5 and 1.6 Product Code.
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Table 19.2 Recommended Operating Conditions (1)

Standard .
Symbol Parameter - Unit
Min. Typ. Max.
Vce Supply Voltage 2.7 5.5 \
AVcc Analog Supply Voltage Vec Y,
Vss Supply Voltage 0 \
AVss Analog Supply Voltage 0 Y
ViH Input High ("H")  [POo to P07, P1oto P17, P20to P27, P3oto P37, P6oto P67, | 0.7Vcc Vee v
Voltage P70to P77, P8oto P87, P90 to P93, P9s to P97, P100 to P107
XIN, RESET, CNVSS 0.8Vee Vee Vv
When I2C bus input level is selected 0.7Vcc Vce Y
SDAmv, SCLmv - -
When SMBUS input level is selected 1.4 Ve Y,
Vi Input Low ("L")  |PQoto P07, P1loto P17, P20 to P27, P3oto P37, P6oto P67, 0 0.3 Ve \Y
Voltage P70to P77, P8oto P87, P90 to P93, P9s to P97, P100 to P107
XIN, RESET, CNVSS 0 0.2 Vcc Vv
When I2C bus input level is selected 0 0.3 Vcc \Y
SDAmv, SCLmv - -
When SMBUS input level is selected 0 0.6 \
|oH(peak) Peak Output High |P0Oo to P07, P1loto P17, P20to P27, P3oto P37, P6oto P67, -10.0 mA
("H") Current P70to P77, P8oto P87, P90 to P9s, P9s to P97, P10o to P107
|oH(avg) Average Output POo to P07, P1loto P17, P2oto P27, P3oto P37, P6oto P67, -5.0 mA
High ("H") Current |p7, 1o p77, P8oto P87, P90 to P93, P9s to P97, P100 to P107
loL(peak) Peak Output Low |PQoto P07, Ploto P17, P20 to P27, P3oto P37, P6oto P67, 10.0 mA
(°L") Current P70to P77, P8oto P87, P90 to P93, P9s to P97, P10o to P107
loLavg) Average Output  |POo to P07, Ploto P17, P20to P27, P3oto P37, P6oto P67, 5.0 mA
Low ('L") Current |p74 16 p77, P8oto P87, P90 to P93, P9s to P97, P100 to P107
f(XIN) Main Clock Input Oscillation Frequency® |Vec=3.0t0 5.5V 0 20 MHz
Voc=2.7t0 3.0 V 0 33 X Vcec- 80 | MHz
f(Xan)  |Sub Clock Oscillation Frequency 32.768 50 kHz
fi(ROC) |On-chip Oscillator Frequency 1 0.5 1 2 MHz
f2(ROC) |On-chip Oscillator Frequency 2 2 4 MHz
f3(ROC) |On-chip Oscillator Frequency 3 8 16 26 MHz
f(PLL)  |PLL Clock Oscillation Frequency® Veec=4.2t0 5.5 V (M16C/28B) 10 24 MHz
Vee=3.0t0 4.2 V (M16C/28B) 10 3.33 X Vec+ 10 | MHz
Vee=3.0t0 5.5 V (M16C/28) 10 20 MHz
Vec=2.7t03.0V 10 33 X Vcc-80 | MHz
M16C/28 0 20 MHz
f(BCLK) |CPU Operation Clock Frequency
M16C/28B 0 24 MHz
tsu(PLL) [Wait Time to Stabilize PLL Frequency Vec=5.0V 20 ms
Synthesizer Vo= 30V 50 ms
NOTES:

f(XIN) operating maximum frequency [MHZ]

1. Referenced to Vcc = 2.7 to 5.5 V at Topr =-20to 85 ° C / -40 to 85 ° C unless otherwise specified.
2. The mean output current is the mean value within 100ms.
3. The total loLpeak for all ports must be 80mA or less. The total loHpeay for all ports must be -80 mA or less.

4. Relationship among main clock oscillation frequency, PLL clock oscillation frequency and supply voltage.

N
o
=}

[
o
=3

o
[=)

Main clock input oscillation frequency

33.3 x Vce-80 MHz

PLL clock oscillation frequency (M16C/28)

33.3 x Vce-80 MHz

n
=4
o

[
o
=)

o
=)

2.73.0

Vcc[V] (main clock: no division)

55 2730 55

f(PLL) operating maximum frequency [MHz]

Vec[V] (PLL clock oscillation)

f(PLL) operating maximum frequency [MHz]

PLL clock oscillation frequency (M16C/28B)

N
N
=}

N
=}
o

[
o
=)

o
o

33.3 x Vce-80 MHz

3.33 x Vcc+10 MHz

2.73.0 42 55

Vec[V] (PLL clock oscillation)
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Table 19.3 A/D Conversion Characteristics )

" Standard )
Symbol Parameter Measurement Condition Unit
Min. | Typ. | Max.
- Resolution VREF = Vcc 10 | Bits
10bi VRer=Vcc=5V +3 | LSB
. . |t
INL Ert'%%ral Nonlinearity VRer = Voc= 3.3 V +5 | LSB
8 bit VRer=Vcc=3.3V,5V +2 |LSB
VRer=Vcc=5V +3 | LSB
10 bit
- Absolute Accuracy VRer = Vcc=3.3V +5 | LSB
8 bit VrRer=Vcc=3.3V,5V +2 | LSB
DNL Differential Nonlinearity Error +1 | LSB
- Offset Error +3 | LSB
- Gain Error +3 | LSB
RLADDER Resistor Ladder VREF = Vcc 10 40 | kQ
10-bit Conversion Time _ _ _
teow Sample & Hold Function Available | YREF=Vcc=5V, AD = 10 MHz 3.3 HS
8-bit Conversion Time _ _ _
toow Sample & Hold Function Available VReEF=Vec =5V, AD = 10 MHz 28 HS
VREF Reference Voltage 2.0 Vec |V
Via Analog Input Voltage 0 VRrRer |V
NOTES:

1. Referenced to Vcc = AVec = VrRer = 3.310 5.5V, Vss=AVss=0 V at Topr =-20 to 85 ° C / -40 to 85° C unless
otherwise specified.
2. Keep @AD frequency at 10 MHz or less. For M16C/28B, set it 12 MHz or less. Additionally, divide the fap make @AD
frequency equal to or lower than fap/2 if Vcc is less than 4.2V.
3. When sample & hold function is disabled, keep @AD frequency at 250kHz or more in addition to the limitation in Note 2.
When sample & hold function is enabled, keep @AD frequency at 1MHz or more in addition to the limitation in Note 2.
4. When sample & hold function is enabled, sampling time is 3/ @AD frequency.
When sample & hold function is disabled, sampling time is 2/ @AD frequency.
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Table 19.4 Flash Memory Version Electrical Characteristics (1):
Program Space and Data Space for U3 and U5, Program Space for U7 and U9

Standard .
Symbol Parameter - Unit
Min. | Typ.® | Max.
- Program and Erase Endurance® 100/1000¢ 19 cycles
- Word Program Time (Vcc=5.0V, Topr=25° C) 75 600 us
- Block Erase Time 2-Kbyte Block 0.2 9
(Voc=5.0V, Topr=25° C) 8-Kbyte Block 0.4 9
16-Kbyte Block 0.7 9
32-Kbyte Block 1.2 9
td(SR-ES) |[Duration between Suspend Request and Erase Suspend 8 ms
tes Wait Time to Stabilize Flash Memory Circuit 15 us
- Data Hold Time ® 20 years

Table 19.5 Flash Memory Version Electrical Characteristics (6): Data Space for U7 and U9 ()

Standard .
Symbol Parameter - Unit
Min. Typ.@ Max.
- Program and Erase Endurance® 89 10000419 cycles
- Word Program Time (Vcc=5.0V, Topr=25° C) 100 us
- Block Erase Time (Vcc=5.0V, Topr=25° C) 0.3 s
(2-Kbyte block)
td(SR-ES) |[Duration between Suspend Request and Erase Suspend 8 ms
tes Wait Time to Stabilize Flash Memory Circuit 15 us
- Data Hold Time ® 20 years
NOTES:
1. Referenced to Vcc=2.7 to 5.5V at Topr=0 to 60° C(program space), -40 to 85° C(data space), unless otherwise
specified.

2. Voc=5V; Top=25° C

3. Program and erase endurance is defined as number of program-erase cycles per block.

If program and erase endurance is n cycle (n=100, 1000, 10000), each block can be erased and programmed n
cycles.

For example, if a 2-Kbyte block A is erased after programming one-word data to each address 1,024 times,

this counts as one program and erase endurance. Data cannot be programmed to the same address more than
once without erasing the block. (rewrite prohibited).

. Number of E/W cycles for which operation is guranteed (1 to minimum value are guaranteed).

Top=55° C

Referenced to Vcc=2.7 to 5.5V at Top=-40 to 85° C(U7) / -20 to 85° C( U9) unless otherwise specified.

Table 19.5 applies for data space in U7 and U9 when program and erase endurance is more than 1,000 cycles.

Otherwise, use Table 19.4.

8. To reduce the number of program and erase endurance when working with systems requiring numerous rewrites,

write to unused word addresses within the block instead of rewrite. Erase block only after all possible addresses

are used. For example, an 8-word program can be written 128 times maximum before erase becomes necessary.
Maintaining an equal number of times erasure between block A and block B will also improve efficiency. It is
recommended to track the total number of erasure performed per block and to limit the number of erasure.

. Execute the clear status register command and block erase command at least 3 times until an erase error is not

generated when an erase error is generated.

10. When executing more than 100 times rewrites, set one wait state per block access by setting the FMR17 bit in
the FMR1 register 1 to "1" (wait state). When accessing to all other blocks and internal RAM, wait state can be
set by the PM17 bit, regardless of the FMR17 bit setting value.

11. The program and erase endurance is 100 cycles for program space and data space in U3 and U5; 1,000
cycles for program space in U7 and U9.

12. Customers desiring E/W failure rate information should contact their Renesas technical support representative.

No ok

©

Erase suspend
request
(interrupt request)

FMR46

Y

td(SR-ES)
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Table 19.6 Voltage Detection Circuit Electrical Characteristics (1.3

o Standard .
Symbol Parameter Measurement Condition Unit
Min. | Typ. | Max.
Vdet4 Low Voltage Detection Voltage® 32 | 38| 445 | V
Vdet3 Reset Level Detection Voltage® 23| 28| 34 | V
Vcc=0.8 to 5.5V

Vdet3s Low Voltage Reset Hold Voltage®@ 1.7 | V
Vdet3r Low Voltage Reset Release Voltage 235|129 | 35 \%

NOTES:
1. Vdet4 >Vdet3
2. Vdet3s is the minmum voltage to maintain "hardware reset 2".
3. The voltage detection circuit is designed to use when Vcc is set to 5V.
4. If the supply power voltage is greater than the reset level detection voltage when the reset level detection
voltage is less than 2.7V, the operation at f(BCLK) < 10MHz is guranteed. However, A/D conversion, serial I/O,
flash memory program and erase are excluded.

Table 19.7 Power Supply Circuit Timing Characteristics

. Standard )
Symbol Parameter Measurement Condition Unit
Min. | Typ. | Max.
) Wait Time to Stabilize Internal Supply Voltage when
td(P-R) Power-on 2 ms
Wait Time to Stabilize Internal On-chip Oscillator when
td(ROC 40 us
(ROC) | power-on Vee=2.7 to 5.5V
td(R-S) |STOP Release Time 150 | ps
td(W-S) I__rgw Power Dissipation Mode Wait Mode Release 150 | us
ime

td(S-R) |Hardware Reset 2 Release Wait Time Voc=Vdet3r to 5.5V 6@ | 20 | ms
td(E-A) | Voltage Detection Circuit Operation Start Time Vcc=2.7 to 5.5V 20 ps

NOTES:

1. When Vcc=5V
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td(P-R) VCC
Wait time to stabilize internal

supply voltage when power-on nA -
pply g p ROC :'HHHHHHHHH”HH._.I

g o
td(RoC) o td(P-R) k td(ROC)
Wait time to stabilize internal

on-chip oscillator when power- RESET
on

Interrupt for

td(rR-S) (a) Stop mode release
STOP release time or

(b) Wait mode release

td(w-S)
Low power dissipation mode
wait mode release time

CPU clock
P
@ td(R-S)
() : td(W-S)
td(s-R) : .
Brown-out detection vdet3r . !
reset (hardware reset 2) Vce et .
release wait time
! td(S-R) !
CPU clock
td(E-A)
Voltage detection circuit VC26, VC27
operation start time 4l
Voltage Detection Circuit Stop | Operate
-
' HdE-A)

Figure 19.1 Power Supply Timing Diagram
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19. Electrical Characteristics)

Table 19.8 Electrical Characteristics (1)

Vcc =5V

. Standard )
Symbol Parameter Condition - Unit
Min. | Typ.| Max.
VoH Output High |P0o to PO7, P1o to P17, P20 to P27, P30 to P37, P6o to P67, [lon=-5mA Vee-2.0 Vee | V
("H") Voltage |p7, 1o P77, P80 to P87, P90 to P93, P9s to P97, P10 to P107
v Output High |POo to P07, P1o to P17, P20 to P27, P30 to P37, P6o to P67, |loH=-200pA Vce-0.3 Vcc | V
OH np g
("H") Voltage |p7, to P77, P80 to P87, P90 to P93, P95 to P97, P100 to P107
_ High Power lon=-1mA Vee-2.0 Vee
Output High ("H") Voltage Xout \Y,
v Low Power lon=-0.5mA Vce-2.0 Vce
OH
High Power No load applied 2.5
Output High ("H") Voltage Xcout - \Y,
Low Power No load applied 1.6
VoL Output Low |POo to P07, Plo to P17, P20 to P27, P3o to P37, P6o to P67, |loL=5mA 20| V
("L") Voltage |p7, 1o P77, P80 to P87, P90 to P93, P9s to P97, P10 to P107
v Output Low |POo to P07, Plo to P17, P20 to P27, P3o to P37, P6o to P67,  [loL=200pA 045| V
oL oy
("L") Voltage |P7o to P77, P80 to P87, P9o to P93, P9s to P97, P10o to P107
High Power lo.=1mA 2.0
Output Low ("L") Voltage Xout \Y,
Low Power lo.=0.5mA 2.0
VoL -
High Power No load applied 0
Output Low ("L") Voltage Xcout - \%
Low Power No load applied 0
VT+-VT- |Hysteresis | TAON-TA4iN, TBON-TB2iN, INTo-INTs, NMI, ADTrG, CTSo- 0.2 10|V
CTSz, SCL, SDA, CLKo-CLKz2, TA20ut-TAdour, Klo-Klz,
Rxpo-Rxp2, Sin3, Sina
VT1+V1- |Hysteresis |RESET 0.2 25|V
VT+-VT1- |Hysteresis  |Xin 0.2 08| v
IH Input High  |P0Oo to PO7, P1o to P17, P20 to P27, P3o to P37, P6o to P67, [VI=5V 5.0 | HA
("H") Current |p7, to P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
XiN, RESET, CNVss
IiL Input Low POo to P07, Ploto P17, P20 to P27, P30 to P37, P6o to P67, |VIi=0V -5.0 | HA
("L") Current |p7, to P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
XiN, RESET, CNVss
RpuLLup |Pull-up POo to P07, P1o to P17, P20 to P27, P30 to P37, P6o to P67, |VI=0V 30 50 | 170 | kQ
Resistance |p7, to P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
RfxN  |Feedback Resistance XIN 15 MQ
RfxciN - |Feedback Resistance XciN 15 MQ
VrRam  |RAM Standby Voltage In stop mode 2.0 \
NOTES:

1. Referenced to Vcc=4.2 to 5.5V, Vss=0V at Topr=-20to 85 ° C/ -40 to 85 ° C, f(BCLK)=20MHz unless otherwise
specified.
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M16C/28 Group (M16C/28, M16C/28B) 19. Electrical Characteristics

Vcc =5V

Table 19.9 Electrical Characteristics (2) ()

. Standard .
Symbol Parameter Measurement Condition - Unit
Min. | Typ. | Max.
lec Power Supply Output pins are  [Mask ROM f(BCLK) = 20 MHz, 16 23 | mA
Current left open and main clock, no division
(Vec=4.0to 5.5 V) |other pins are On-chip oscillation 2 mA
connected to Vss faroo selected, ((BCLK) = 1 MHz
Flash memory |f(BCLK) = 24 MHz, 23 28 | mA
PLL operates (M16C/28B)
f(BCLK) = 20 MHz, main clock, 18 23 | mA
no division
On-chip oscillator operates, 2 mA
faroo) selected, f(BCLK) = 1 MHz
Flash memory ¢ o k) = 10 MHz, Vec = 5.0 v 11 mA
program
Flash memory _ _ 12 mA
erase f(BCLK) = 10 MHz, Vcc = 5.0 V
Mask ROM f(BCLK) = 32 kHz, 25 HA
In low-power consumption mode,
Program running on ROM®
On-chip oscillation 30 HA
faroo) selected, f(BCLK) = 1 MHz,
In wait mode
Flash memory |f(BCLK) = 32 kHz, 25 HA
In low-power consumption mode,
Program running on RAM®
f(BCLK) = 32 kHz, 450 HA
In low-power consumption mode,
Program running on flash memory®
On-chip oscillator operates, 50 UA
faroc) selected, f(BCLK) = 1 MHz,
In wait mode
Mask ROM, f(BCLK) = 32 kHz, In wait mode®, 10 MA
Flash memory |Oscillation capacity high
f(BCLK) = 32 kHz, In wait mode®, 3 WA
Oscillation capacity low
In stop mode, Topr =25° C 0.8 3 UA
Idet4 |Low voltage detection dissipation current® 0.7 4 | pA
Idet3 |Reset level detection dissipation current® 1.2 8 | pA
NOTES:
1. Referenced to Voc=4.21t0 5.5V, Vss= 0 V at Topr = -20 to 85° C /-40 to 85 ° C, f(BCLK) = 20 MHz unless otherwise
specified.

2. With one timer operates, using fcz2.

3. This indicates the memory in which the program to be executed exists.

4. |det is dissipation current when the following bit is set to "1" (detection circuit enabled).
Idet4: VC27 bit in the VCR2 register
Idet3: VC26 bit in the VCR2 register
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Vcc =5V

Timing Requirements
(Vcc =5V, Vss =0V, at Topr =— 20 to 85°C / — 40 to 85°C unless otherwise specified)

Table 19.10 External Clock Input (XIN input)

Standard .
Symbol Parameter - Unit
Min. Max.

tc External Clock Input Cycle Time 50 ns
tw(H) External Clock Input High ("H") Width 20 ns
tw() External Clock Input Low ("L") Width 20 ns
tr External Clock Rise Time 9 ns
tf External Clock Fall Time 9 ns
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Vcc =5V

Timing Requirements
(Vcc =5V, Vss =0V, at Topr =—20to 85°C /- 40 to 85°C unless otherwise specified)

Table 19.11 Timer A Input (Counter Input in Event Counter Mode)

Standard
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 100 ns
tw(TAH) TAIIN input HIGH pulse width 40 ns
tw(TAL) TAIIN input LOW pulse width 40 ns
Table 19.12 Timer A Input (Gating Input in Timer Mode)
Standard
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 400 ns
tw(TAH) TAIIN input HIGH pulse width 200 ns
tw(TAL) TAIIN input LOW pulse width 200 ns
Table 19.13 Timer A Input (External Trigger Input in One-shot Timer Mode)
Standard )
Symbol Parameter Nin. Moo Unit
te(TA) TAIIN input cycle time 200 ns
tw(TAH) TAIIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns
Table 19.14 Timer A Input (External Trigger Input in Pulse Width Modulation Mode)
Standard )
Symbol Parameter Min. Max. Unit
tw(TAH) TAIIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns
Table 19.15 Timer A Input (Counter Increment/decrement Input in Event Counter Mode)
Standard .
Symbol Parameter Min. Max. Unit
te(uP) TAiouT input cycle time 2000 ns
tw(UPH) TAiout input HIGH pulse width 1000 ns
tw(UPL) TAiouT input LOW pulse width 1000 ns
tsu(UP-TIN) TAiouT input setup time 400 ns
th(TIN-UP) TAiouT input hold time 400 ns
Table 19.16 Timer A Input (Two-phase Pulse Input in Event Counter Mode)
Standard .
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 800 ns
tsu(TAN-TAouT) | TAiouT input setup time 200 ns
tsu(TAouT-TAIN) | TAIIN input setup time 200 ns

Rev. 2.00 Jan. 31, 2007 page 337 of 385 RENESAS
REJO9B0047-0200



M16C/28 Group (M16C/28, M16C/28B)

19. Electrical Characteristics)

Timing Requirements
(Vcc =5V, Vss =0V, at Topr =— 20 to 85°C / — 40 to 85°C unless otherwise specified)

Table 19.17 Timer B Input (Counter Input in Event Counter Mode)

Vcc =5V

REJO9B0047-0200

Standard )
Symbol Parameter Min. Max. Unit
te(TB) TBIIN input cycle time (counted on one edge) 100 ns
tw(TBH) TBiN input HIGH pulse width (counted on one edge) 40 ns
tw(TBL) TBiIN input LOW pulse width (counted on one edge) 40 ns
te(TB) TBiIN input cycle time (counted on both edges) 200 ns
tw(TBH) TBiIN input HIGH pulse width (counted on both edges) 80 ns
tw(TBL) TBiN input LOW pulse width (counted on both edges) 80 ns
Table 19.18 Timer B Input (Pulse Period Measurement Mode)
Symbol Parameter - Standard Unit
Min. Max.
te(TB) TBiIN input cycle time 400 ns
tw(TBH) TBiN input HIGH pulse width 200 ns
tw(TBL) TBiN input LOW pulse width 200 ns
Table 19.19 Timer B Input (Pulse Width Measurement Mode)
Symbol Parameter - Standard Unit
Min. Max.
te(TB) TBiIN input cycle time 400 ns
tw(TBH) TBiiN input HIGH pulse width 200 ns
tw(TBL) TBiIN input LOW pulse width 200 ns
Table 19.20 A/D Trigger Input
Symbol Parameter - Standard Unit
Min. Max.
te(AD) ADTRG input cycle time (required for trigger) 1000 ns
tw(ADL) ADTRG input LOW pulse width 125 ns
Table 19.21 Serial I/O
Standard )
Symbol Parameter - Unit
Min. Max.
te(CK) CLKi input cycle time 200 ns
tw(CKH) CLKi input HIGH pulse width 100 ns
tw(CKL) CLKi input LOW pulse width 100 ns
td(C-Q) TxDi output delay time 80 ns
th(C-Q) TxDi hold time 0 ns
tsu(D-C) RxDi input setup time 70 ns
th(c-D) RxDi input hold time 90 ns
Table 19.22 External Interrupt INTi Input
Symbol Parameter - Standard Unit
Min. Max.
tw(INH) INTi input HIGH pulse width 250 ns
tw(INL) INTI input LOW pulse width 250 ns
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Vcc =5V

Timing Requirements
(Vcc =5V, Vss =0V, at Topr =—20to 85°C /- 40 to 85°C unless otherwise specified)

Table 19.23 Multi-master 12C-Bus Line

Standard clock mode | High-speed clock mode )

Symbol Parameter Min. Mo Min. Mo, Unit
tBUF Bus free time 4.7 1.3 us
tHD;STA Hold time in start condition 4.0 0.6 HS
tLOW Hold time in SCL clock "0" status 4.7 1.3 HS
tR SCL, SDA signals' rising time 1000 20+0.1Cb 300 ns
tHD;DAT Data hold time 0 0 0.9 Hs
tHIGH Hold time in SCL clock "1" status 4.0 0.6 MS
tF SCL, SDA signals' falling time 300 20+0.1Cb 300 ns
tsu;DAT Data setup time 250 100 ns
tsu;STA Setup time in restart condition 4.7 0.6 us
tsu;STO Stop condition setup time 4.0 0.6 us
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Vcc =5V

XIN input
—> l<— tr —>| |<—
tr tw(H) tw(L)
dl |
tc
te(ma)
tw(TAH)
TAIIN input \
tw(TAL)
tcup)
tw(uPH;
TAIOUT input \
tw(uPL)
TAIOUT input ><
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During event counter mode
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TAIIN input

(When count on rising N S
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Figure 19.2 Timing Diagram (1)
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Vcc =5V
te(CK)
tw(CKH)
CLKi
tw(CKL) thic-q
TxDi >< ><
td(c-Q) |, tsu(b-C) {th(C-D)
RxDi * *
tw(INL)
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1

Figure 19.3. Timing Diagram (2)

Vcc =5V
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Figure 19.4 Timing Diagram (3)
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Table 19.24 Electrical Characteristics (1)

Vcc =3V

. Standard )
Symbol Parameter Condition - Unit
Min. | Typ.| Max.
VoH Output High |P0Ooto P07, P1loto P17, P20 to P27, P3oto P37, P6oto P67, lo=-1mA Ve 0.5 Vcc | V
("H") Voltage |p7, to P77, P80 to P87, P90 to P93, P9s to P97, P10o to P107
) High Power loH=-0.1mA Vecc-0.5 Ve
Output High ("H") Voltage Xout \Y,
Vi Low Power lor=-50pA Vcc0.5 Vce
oH
High Power No load applied 25
Output High ("H") Voltage Xcour - \Y,
Low Power No load applied 1.6
Voo Output Low |P0Oo to P07, Ploto P17, P20 to P27, P3oto P37, P6oto P67, lo=1mA 05|V
("L") Voltage |p74 to P77, P8o to P87, P90 to P93, P9s to P97, P10o to P107
High Power lo=0.1mA 0.5
Output Low ("L") Voltage Xout Vv
Low Power loL=50pA 05
Voo -
High Power No load applied 0
Output Low ("L") Voltage Xcour - \Y
Low Power No load applied
Vr-VT |Hysteresis | TAON-TA4N, TBONTB2N, INTo-INTs, NMI, ADTrs, CTSo- 08 | V
CTS2, SCL, SDA, CLKo-CLK2, TA20ur-TA4our, Kio-KI3, Rxoo-
Rxp2, Sing, Sina
V1Vt |Hysteresis |RESET 18| V
VTV |[Hysteresis XIN 08 | v
I Input High POo to P07, Ploto P17, P20 to P27, P3oto P37, P6oto P67, Vi=3V 4.0 | HA
("H") Current |p7, to P77, P80 to P87, P90 to P93, P9s to P97, P100 to P107
XN, RESET, CNVss
I Input Low PQOo to P07, Ploto P17, P20 to P27, P3oto P37, P6oto P67, Vi=0V -4.0 | HA
("L") Current |p74to P77, P8o to P87, P90 to P93, P9s to P97, P10 to P107
XN, RESET, CNVss
Reuue  [Pull-up P0Oo to P07, Ploto P17, P20to P27, P3oto P37, P6oto P67, V=0V 50 100 | 500 | kQ
Resistance |p7,to P77, P8oto P87, P9oto P93, P9s to P97, P100 to P107
Rfxn  |Feedback Resistance XIN 3.0 MQ
Rfxon  |Feedback Resistance XaN 25 MQ
Vrav  |[RAM Standby Voltage In stop mode 2.0 \%
NOTES:

1. Referenced to Vcc=2.7 to 3.6V, Vss=0V at Topr=-20 to 85 ° C / -40 to 85 ° C, f(BCLK)=10MHz unless otherwise
specified.
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19. Electrical Characteristics

Table 19.25 Electrical Characteristics (2) @

Vcc =3V

. Standard )
Symbol Parameter Measurement Condition - Unit
Min. | Typ. | Max.
lec Power Supply Output pins are |Mask ROM f(BCLK) = 10 MHz, 8 12 | mA
Current left open and main clock, no division
(Vcc=2.7 to 3.6V) |other pins are On-chip oscillation, 1 mA
connected to Vss 2(ROC) selected, ((BCLK) = 1 MHz
Flash memory |f(BCLK) = 10MHz, 8 13 | mA
main clock, no division
On-chip oscillation, 1 mA
faroo) selected, f(BCLK) = 1 MHz
Flash memory a0 k) = 10 MHz, Vec = 3.0 v 10 mA
program
Flash memory _ _ 11 mA
erase f(BCLK) = 10 MHz, Vcc = 3.0V
Mask ROM f(BCLK) = 32 kHz, 20 HA
In low-power consumption mode,
ROM @
On-chip oscillation, 25 HA
f2(ROC) selected, f(BCLK) = 1 MHz,
In wait mode
Flash memory |f(BCLK) = 32 kHz, 25 HA
In low-power consumption mode,
Program running on RAM®
f(BCLK) = 32 kHz, 450 PA
In low-power consumption mode,
Program running on flash memory®
On-chip oscillation, 45 MA
faroo) selected, f(BCLK) = 1 MHz,
In wait mode
Mask ROM, f(BCLK) = 32 kHz, In wait mode®, 10 HA
Flash memory |Oscillation capacity high
f(BCLK) = 32 kHz, In wait mode®, 3 HA
Oscillation capacity low
In stop mode, Topr = 25° C 0.7 3 HA
Idet4  |Low voltage detection dissipation current® 0.6 4 | pA
Idet3  |Reset level detection dissipation current® 1.0 5 | pA
NOTES:

1. Referenced to Vcc= 2.7 t0 3.6 V, Vss= 0 V at Topr = -20 to 85° C/-40 to 85 ° C, f(BCLK) = 10 MHz unless otherwise

specified.

2. With one timer operates, using fcz2.
3. This indicates the memory in which the program to be executed exists.

4. |det is dissipation current when the following bit is set to "1" (detection circuit enabled).

Idet4: the VC27 bit of the VCR2 register

Idet3: the VC26 bit in the VCR2 register
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Vcc =3V

Timing Requirements

(Vcec =3V, Vss =0V, at Topr =— 20 to 85°C / — 40 to 85°C unless otherwise specified)

Table 19.26 External Clock Input (XIN input)

Standard ]
Symbol Parameter - Unit
Min. Max.
tc External Clock Input Cycle Time 100 ns
twi(H) External Clock Input High ("H") Width 40 ns
tw) External Clock Input Low ("L") Width 40 ns
tr External Clock Rise Time 18 ns
tf External Clock Fall Time 18 ns
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Vcc =3V

Timing Requirements

(Vcec =3V, Vss = 0V, at Topr =—20to 85°C / — 40 to 85°C unless otherwise specified)

Table 19.27 Timer A Input (Counter Input in Event Counter Mode)

Standard
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 150 ns
tw(TAH) TAIN input HIGH pulse width 60 ns
tw(TAL) TAIIN input LOW pulse width 60 ns
Table 19.28 Timer A Input (Gating Input in Timer Mode)
Standard
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 600 ns
tw(TAH) TAIIN input HIGH pulse width 300 ns
tw(TAL) TAIN input LOW pulse width 300 ns

Table 19.29 Timer A Input (External Trigger Input in One-shot Timer Mode)

Standard .
Symbol Parameter - Unit
Min. Max.
te(TA) TAIIN input cycle time 300 ns
tw(TAH) TAiIN input HIGH pulse width 150 ns
tw(TAL) TAIIN input LOW pulse width 150 ns

Table 19.30 Timer A Input (External Trigger Input in Pulse Width Modulation Mode)

Standard )

Symbol Parameter Min. Max. Unit
tw(TAH) TAIIN input HIGH pulse width 150 ns
tw(TAL) TAIIN input LOW pulse width 150 ns

Table 19.31 Timer A Input (Counter Increment/decrement Input in Event Counter Mode)

Standard .
Symbol Parameter Min. Max. Unit
te(UP) TAiouT input cycle time 3000 ns
tw(UPH) TAiouT input HIGH pulse width 1500 ns
tw(UPL) TAiouT input LOW pulse width 1500 ns
tsu(UP-Tin) TAiouT input setup time 600 ns
th(TIN-UP) TAiouT input hold time 600 ns
Table 19.32 Timer A Input (Two-phase Pulse Input in Event Counter Mode)
Symbol Parameter -Standard Unit
Min. Max.
te(TA) TAIIN input cycle time 2 Hs
tsu(TAIN-TAouT) | TAiouT input setup time 500 ns
tsu(TAouT-TAIN) | TAIIN input setup time 500 ns
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19. Electrical Characteristics)

Timing Requirements
(Vce =3V, Vss =0V, at Topr =— 20 to 85°C / — 40 to 85°C unless otherwise specified)

Table 19.33 Timer B Input (Counter Input in Event Counter Mode)

Vcc =3V

REJO9B0047-0200

Standard ]
Symbol Parameter Min, Mo Unit
te(TB) TBIIN input cycle time (counted on one edge) 150 ns
tw(TBH) TBiIN input HIGH pulse width (counted on one edge) 60 ns
tw(TBL) TBIIN input LOW pulse width (counted on one edge) 60 ns
te(TB) TBiIN input cycle time (counted on both edges) 300 ns
tw(TBH) TBiN input HIGH pulse width (counted on both edges) 120 ns
tw(TBL) TBiiN input LOW pulse width (counted on both edges) 120 ns
Table 19.34 Timer B Input (Pulse Period Measurement Mode)
Standard ,
Symbol Parameter - Unit
Min. Max.
tc(TB) TBiIN input cycle time 600 ns
tw(TBH) TBiN input HIGH pulse width 300 ns
tw(TBL) TBiIN input LOW pulse width 300 ns
Table 19.35 Timer B Input (Pulse Width Measurement Mode)
Symbol Parameter - Standard Unit
Min. Max.
te(TB) TBiIN input cycle time 600 ns
tw(TBH) TBiIN input HIGH pulse width 300 ns
tw(TBL) TBiIN input LOW pulse width 300 ns
Table 19.36 A/D Trigger Input
Symbol Parameter - Standard Unit
Min. Max.
tc(AD) ADTRG input cycle time (required for trigger) 1500 ns
tw(ADL) ADTRG input LOW pulse width 200 ns
Table 19.37 Serial I/O
Standard .
Symbol Parameter - Unit
Min. Max.
te(CK) CLKi input cycle time 300 ns
tw(CKH) CLKi input HIGH pulse width 150 ns
tw(CKL) CLKi input LOW pulse width 150 ns
td(C-Q) TxDi output delay time 160 ns
th(C-Q) TxDi hold time 0 ns
tsu(D-C) RxDi input setup time 100 ns
th(C-D) RxDi input hold time 90 ns
Table 19.38 External Interrupt INTi Input
Symbol Parameter - Standard Unit
Min. Max.
tw(INH) INTi input HIGH pulse width 380 ns
tw(INL) INTi input LOW pulse width 380 ns
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Vcc =3V

Timing Requirements
(Vcc =3V, Vss =0V, at Topr =—20to 85°C / — 40 to 85°C unless otherwise specified)

Table 19.39 Multi-master 12C-Bus Line

Standard clock mode | High-speed clock mode ]

Symbol Parameter Min, Mo Min. Mo Unit
tBUF Bus free time 4.7 1.3 ps
tHD;STA Hold time in start condition 4.0 0.6 Hs
tLOW Hold time in SCL clock "0" status 4.7 1.3 Hs
tR SCL, SDA signals' rising time 1000 20+0.1Cb 300 ns
tHD;DAT Data hold time 0 0 0.9 Hs
tHIGH Hold time in SCL clock "1" status 4.0 0.6 us
tF SCL, SDA signals' falling time 300 20+0.1Cb 300 ns
tsu;DAT Data setup time 250 100 ns
tsu;STA Setup time in restart condition 4.7 0.6 us
tsu;STO Stop condition setup time 4.0 0.6 us
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Vcc =3V

XIN input
—> <— tr —>| l«—
tr tw(H) tw(v)
i
tc
te(TA)
tw(TAH
TAIIN input \
tw(TAL)
tcur)
tw(uPH
TAIOUT input \
tw(upL)
TAIOUT input ><
(Up/down input)

During Event Counter Mode

TAIIN input
(When count on falling

edge is selected)
TAIIN input

(When count on rising NS E—
edge is selected)

th(TIN-UP)| tsu(UP-TIN)

Two-Phase Pulse Input in Event Counter Mode

te(TA)

/
TAIIN input / 3 7/

tsu(TAIN-TAOUT) tsu(TAIN-TAOUT)
T

tsu(TAOUT-TAIN)
TAIOUT input /

I
tsu(TAOUT-TAIN)

te(TB)
tw(TBH)
TBIIN input
tw(TBL)
\
te(aD) \
tw(ADL)
ADTRG input
Figure 19.5 Timing Diagram (1)
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Vcc =3V
te(CK)
tw(CKH)
CLKi
tw(CKL) thic-q
TXDi X X
td(c-Q) |, tsu(D-C) {th(C-D)
RxDi * *
tw(INL)
INTi input (N $ /
Wi
1

Figure 19.6 Timing Diagram (2)

Vcc =3V

tsu:sto

1 tLow

tHD:STA tHD:DTA tHIGH

Figure 19.7 Timing Diagram (3)
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20. Precautions

20.1 SFR
20.1.1 For 80-Pin and 85-Pin Package

Set the IFSR20 bit in the IFSR2A register to "1" after reset and set the PACR2 to PACRO bits in the PACR
register to "0112".

20.1.2 For 64-Pin Package

Set the IFSR20bit in the IFSR2A register to "1" after reset and set the PACR2 to PACRO bits in the PACR
register to "0102".

22.1.3 Register Setting

Immediate values should be set in the registers containing write-only bits. When establishing a new value
by modifying a previous value, write the previous value into RAM as well as the register. Change the
contents of the RAM and then transfer the new value to the register.

20.1.4 For Flash Memory (128K+4K) Version and Mask ROM Version

When setting flash memory (128K+4K) version and Mask ROM version, follow the procedure below to set
the LPCCO and LPCCL1 registers after reset.
1) Set the LPCCO register to "002116"
2) Set the PRCO bit in the PRCR register to "1"
3) Set the LPCC13 bit in the LPCC1 register to "1"
4) Set the PRCO bit to "0"
Example: MOV.B #00100001b, LPCCO

BSET PRCO : Write enabled

MOV.B #00001000b, LPCC1 :

BCLR PRCO : Write disabled
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Low-Power Consumption Control Register O
b7 b6 b5 b4 b3 b2 bl bO S bol dd t
ymbo Address After Reset
[0jo]1]ojojofol1| {Peco 021016 X00000012
b oror | Bit Symbol Bit Name Function RW
o1 bbb b L) Ipccoo | Reserved bit Setto "1" RW
R GREEEE SRS (b4-b1) Reserved bit Set to "0" RW
I LPCCO5 | Reserved bit Set to "1" RW
_______________________ (b7-b6) Reserved bit Set to "0" RW
Low-Power Consumption Control Register 1 (1)
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address After Reset
[oJo]o[o[1]o[ofo]  F¥ms 03516 01t
Bit Symbol Bit Name Function RW
E ' ' ' ' Lot (b2-b0) Reserved bit Set to "0" RW
A LPCC13 | Reserved bit Setto "1" RW
i : : : [ Nothing is assigned. When write, set to "0". P
Co e (b7-b4) When read, the content is "0".
NOTE:
1. Rewrite the LPCCL1 register after setting the PRCO bit in the PRCR register to "1" (write enabled).

Figure 20.1 LPCCO Register and LPCC1 Register

Rev. 2.00 Jan. 31,2007 page 351 of 385 RENESAS

REJ09B0047-0200



M16C/28 Group (M16C/28, M16C/28B)

20.

Precautions

20.2 Clock Generation Circuit
20.2.1 PLL Frequency Synthesizer

Stabilize supply voltage so that the standard of the power supply ripple is met.

voltage

Power supply ripple allowable amplitude

vee \_//\/

Standard _
Symbol Parameter Min. Typ. Max. Unit
f(ripple) Power supply ripple allowable frequency(Vcc) 10 kHz
Vp-p(ripple) Power supply ripple allowable amplitude (Vce=5V) 0.5 \Y
voltage
(Vce=3V) 0.3 \
Vce(pvipT)) | Power supply ripple rising/falling gradient (Vee=5V) 0.3 V/ms
(Vce=3V) 0.3 V/ims
f(ripple) f(ripple)
Power supply ripple allowable frequency < >
(Vce)
Vp-p(ripple) _— e —_— - = = = = = = =

Figure 20.2 Voltage Fluctuation Timing

Rev. 2.00 Jan. 31, 2007 page 352 of 385
REJ09B0047-0200

ENESAS



M16C/28 Group (M16C/28, M16C/28B) 20. Precautions

20.2.2 Power Control
1. When exiting stop mode by hardware reset, the device will startup using the on-chip oscillator.

2. Set the MRO bit in the TAIMR register(i=0 to 4) to “0"(pulse is not output) to use the timer A to exit stop
mode.

3. When entering wait mode, insert a JMP.B instruction before a WAIT instruction. Do not excute any
instructions which can generate a write to RAM between the JIMP.B and WAIT instructions. Disable the
DMA transfers, if a DMA transfer may occur between the JMP.B and WAIT instructions. After the WAIT
instruction, insert at least 4 NOP instructions. When entering wait mode, the instruction queue reads
ahead the instructions following WAIT, and depending on timing, some of these may execute before the
microcomputer enters wait mode.

Program example when entering wait mode

Program Example: JMP.B L1 ; Insert IMP.B instruction before WAIT instruction
L1:
FSET | ;
WAIT ; Enter wait mode
NOP ; More than 4 NOP instructions
NOP
NOP
NOP

4. When entering stop mode, insert a JMP.B instruction immediately after executing an instruction which
sets the CM10 bit in the CM1 register to “1”, and then insert at least 4 NOP instructions. When entering
stop mode, the instruction queue reads ahead the instructions following the instruction which sets the
CM10 bit to “1” (all clock stops), and, some of these may execute before the microcomputer enters stop
mode or before the interrupt routine for returning from stop mode.

Program example when entering stop mode

Program Example: FSET I
BSET CM10 ; Enter stop mode
JMP.B L2 ; Insert IMP.B instruction
L2:
NOP ; More than 4 NOP instructions
NOP
NOP
NOP
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5. Wait until the main clock oscillation stabilization time, before switching the CPU clock source to the
main clock.
Similarly, wait until the sub clock oscillates stably before switching the CPU clock source to the sub
clock.

6. Suggestions to reduce power consumption

(a) Ports
The processor retains the state of each 1/0 port even when it goes to wait mode or to stop mode. A
current flows in active I/O ports. A dash current may flow through the input ports in high impedance
state, if the input is floating. When entering wait mode or stop mode, set non-used ports to input and
stabilize the potential.

(b) A/D converter
When A/D conversion is not performed, set the VCUT bit in ADCON1 register to “0” (no Vref connec-
tion). When A/D conversion is performed, start the A/D conversion at least 1 ps or longer after setting
the VCUT bit to “1” (Vref connection).

(c) Stopping peripheral functions
Use the CMO register CM02 bit to stop the unnecessary peripheral functions during wait mode.
However, because the peripheral function clock (fc32) generated from the sub-clock does not stop,
this measure is not conducive to reducing the power consumption of the chip. If low speed mode or
low power dissipation mode is to be changed to wait mode, set the CM02 bit to “0” (do not peripheral
function clock stopped when in wait mode), before changing wait mode.

(d) Switching the oscillation-driving capacity
Set the driving capacity to “LOW” when oscillation is stable.
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20.3 Protection
Set the PRC2 bit to “1” (write enabled) and then write to any address, and the PRC2 bit will be cleared to “0”
(write protected). The registers protected by the PRC2 bit should be changed in the next instruction after
setting the PRC2 bit to “1”. Make sure no interrupts or DMA transfers will occur between the instruction in
which the PRC2 bit is set to “1” and the next instruction.

Rev. 2.00 Jan. 31,2007 page 355 of 385 RENESAS
REJ09B0047-0200



M16C/28 Group (M16C/28, M16C/28B) 20. Precautions

20.4 Interrupts
20.4.1 Reading Address 0000016

Do not read the address 0000016 in a program. When a maskable interrupt request is accepted, the CPU
reads interrupt information (interrupt number and interrupt request priority level) from the address
0000016 during the interrupt sequence. At this time, the IR bit for the accepted interrupt is cleared to “0”.
If the address 0000016 is read in a program, the IR bit for the interrupt which has the highest priority
among the enabled interrupts is cleared to “0”. This causes a problem that the interrupt is canceled, or an
unexpected interrupt request is generated.

20.4.2 Setting the SP

Set any value in the SP(USP, ISP) before accepting an interrupt. The SP(USP, ISP) is cleared to ‘000016’
after reset. Therefore, if an interrupt is accepted before setting any value in the SP(USP, ISP), the pro-
gram may go out of control.

20.4.3 NMI Interrupt

1. The NMI interrupt is invalid after reset. The NMI interrupt becomes effective by setting to “1” the PM24
bit in the PM2 register. Set the PM24 bit to "1" when a high-level signal ("H") is applied to the NMI pin.
If the PM24 bit is set to "1" when a low-level signal ("L") is applied, NMI interrupt is generated. Once NMI
interrupt is enabled, it will not be disabled unless a reset is applied.

2. The input level of the NMI pin can be read by accessing the P8 register's P8_5 bit.

3. When selecting NMI function, stop mode cannot be entered into while input on the NMI pin is low. This
is because while input on the NMI pin is low the CM1 register's CM10 bit is fixed to “0”.

4. When selecting NMI function, do not go to wait mode while input on the NMI pin is low. This is because
when input on the NMI pin goes low, the CPU stops but CPU clock remains active; therefore, the current
consumption in the chip does not drop. In this case, normal condition is restored by an interrupt gener-
ated thereafter.

5. When selecting NMI function, the low and high level durations of the input signal to the NMI pin must
each be 2 CPU clock cycles + 300 ns or more.

6. When using the NMI interrupt for exiting stop mode, set the NDDR register to “FF16” (disable digital
debounce filter) before entering stop mode.

20.4.4 Changing the Interrupt Generate Factor
If the interrupt generate factor is changed, the IR bit in the interrupt control register for the changed
interrupt may inadvertently be set to “1” (interrupt requested). If you changed the interrupt generate factor
for an interrupt that needs to be used, be sure to clear the IR bit for that interrupt to “0” (interrupt not
requested).
“Changing the interrupt generate factor” referred to here means any act of changing the source, polarity
or timing of the interrupt assigned to each software interrupt number. Therefore, if a mode change of any
peripheral function involves changing the generate factor, polarity or timing of an interrupt, be sure to
clear the IR bit for that interrupt to “0” (interrupt not requested) after making such changes. Refer to the
description of each peripheral function for details about the interrupts from peripheral functions.
Figure 20.3 shows the procedure for changing the interrupt generate factor.

Rev. 2.00 Jan. 31, 2007 page 356 of 385 RENESAS
REJO9B0047-0200



M16C/28 Group (M16C/28, M16C/28B) 20. Precautions

( Changing the interrupt source)

Disable interrupts (2:3)

Change the interrupt generate factor (including a mode change of peripheral function)

Use the MOV instruction to clear the IR bit to “0” (interrupt not requested) 3)

Enable interrupts (2:3)

( End of change )

IR bit: A bit in the interrupt control register for the interrupt whose interrupt generate factor is to
be changed

NOTES:

1.The above settings must be executed individually. Do not execute two or more settings
simultaneously (using one instruction).

2. Use the | flag for the INTT interrupt (i = 0 to 5).
For the interrupts from peripheral functions other than the INTT interrupt, turn off the
peripheral function that is the source of the interrupt in order not to generate an interrupt
request before changing the interrupt generate factor. In this case, if the maskable interrupts
can all be disabled without causing a problem, use the | flag. Otherwise, use the corresponding
ILVL2 to ILVLO bit for the interrupt whose interrupt generate factor is to be changed.

3. Refer to 20.5.6 Rewrite the Interrupt Control Register for details about the
instructions to use and the notes to be taken for instruction execution.

Figure 20.3 Procedure for Changing the Interrupt Generate Factor

20.4.5 INT Interrupt

1. Either an “L” level of at least tw(INL) or an “H” level of at least tw(INH) width is necessary for the signal
input to pins INTo through INT5 regardless of the CPU operation clock.

2. If the POL bit in the INTOIC to INT5IC registers or the IFSR7 to IFSRO bits in the IFSR register are
changed, the IR bit may inadvertently set to 1 (interrupt requested). Be sure to clear the IR bit to 0
(interrupt not requested) after changing any of those register bits.

3. When using the INTs interrupt for exiting stop mode, set the P17DDR register to “FF16” (disable digital
debounce filter) before entering stop mode.
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20.4.6 Rewrite the Interrupt Control Register
(1) The interrupt control register for any interrupt should be modified in places where no requests for that
interrupt may occur. Otherwise, disable the interrupt before rewriting the interrupt control register.
(2) To rewrite the interrupt control register for any interrupt after disabling that interrupt, be careful with the
instruction to be used.

Changing any bit other than the IR bit
If while executing an instruction, a request for an interrupt controlled by the register being modified
occurs, the IR bit in the register may not be set to “1” (interrupt requested), with the result that the
interrupt request is ignored. If such a situation presents a problem, use the instructions shown below
to modify the register.
Usable instructions: AND, OR, BCLR, BSET

Changing the IR bit
Depending on the instruction used, the IR bit may not always be cleared to “0” (interrupt not re-
guested). Therefore, be sure to use the MOV instruction to clear the IR bit.

(3) When using the | flag to disable an interrupt, refer to the sample program fragments shown below as
you set the | flag. (Refer to (2) for details about rewrite the interrupt control registers in the sample
program fragments.)

Examples 1 through 3 show how to prevent the | flag from being set to “1” (interrupts enabled) before the
interrupt control register is rewrited, due to the internal bus and the instruction queue buffer.

Example 1: Using the NOP instruction to keep the program waiting until the
interrupt control register is modified

INT_SWITCHL1:
FCLR | ; Disable interrupts
AND.B  #00h, 0055h ;Set the TAOIC register to 0016
NOP ;
NOP
FSET | ; Enable interrupts

The number of NOP instruction is as follows.
PM20 =1 (1 wait) : 2, PM20 = 0 (2 waits): 3

Example 2:Using the dummy read to keep the FSET instruction waiting

INT_SWITCH2:
FCLR I ; Disable interrupts
AND.B  #00h, 0055h ; Set the TAOIC register to 0016
MOV.W MEM, RO ; Dummy read
FSET I ; Enable interrupts

Example 3:Using the POPC instruction to changing the | flag

INT_SWITCHS:
PUSHC FLG
FCLR | ; Disable interrupts
AND.B  #00h, 0055h ; Set the TAOIC register to 0016
POPC FLG ; Enable interrupts

20.4.7 Watchdog Timer Interrupt

Initialize the watchdog timer after the watchdog timer interrupt occurs.
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20.5 DMAC
20.5.1 Write to DMAE Bit in DMiCON Register (i =0, 1)

When both of the conditions below are met, follow the steps below.
(a) Conditions
« The DMAE bit is set to “1” again while it remains set (DMAI is in an active state).
* A DMA request may occur simultaneously when the DMAE bit is being written.
(b) Procedure
(1) Write “1” to the DMAE bit and DMAS bit in DMiICON register simultaneously®).
(2) Make sure that the DMAI is in an initial state(® in a program.
If the DMAI is not in an initial state, the above steps should be repeated.

NOTES:

1. The DMAS bit remains unchanged even if “1” is written. However, if “0” is written to this bit, it is
set to “0” (DMA not requested). In order to prevent the DMAS bit from being modified to “0”, “1”
should be written to the DMAS bit when “1” is written to the DMAE bit. In this way the state of the
DMAS bit immediately before being written can be maintained.

Similarly, when writing to the DMAE bit with a read-modify-write instruction, “1” should be written to
the DMAS bit in order to maintain a DMA request which is generated during execution.

2. Read the TCRIi register to verify whether the DMAI is in an initial state. If the read value is equal to
a value which was written to the TCRi register before DMA transfer start, the DMAI is in an initial
state. (If a DMA request occurs after writing to the DMAE bit, the value written to the TCRi register
is the value minus “1".) If the read value is a value in the middle of transfer, the DMAI is not in an
initial state.
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20.6 Timer
20.6.1 Timer A

20.6.1.1 Timer A (Timer Mode)
1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR
(i = 0to 4) register and the TAi register before setting the TAIS bit in the TABSR register to “1” (count
starts).
Always make sure the TAIMR register is modified while the TAIS bit remains “0” (count stops)
regardless whether after reset or not.

2. While counting is in progress, the counter value can be read out at any time by reading the TAi
register. However, if the TAi register is read at the same time the counter is reloaded, the read value
is always “FFFF16”. If the TAi register is read after setting a value in it, but before the counter starts
counting, the read value is the one that has been set in the register.

3. If a low-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register is set to “1”
(three-phase output forcible cutoff by input on SD pin enabled), the TAlouT, TA20uT and TA4ouUT
pins go to a high-impedance state.

20.6.1.2 Timer A (Event Counter Mode)
1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR
(i = 0 to 4) regqister, the TAiI register, the UDF register, the ONSF register TAZIE, TAOTGL and
TAOTGH bits and the TRGSR register before setting the TAIS bit in the TABSR register to “1” (count
starts).
Always make sure the TAIMR register, the UDF register, the ONSF register TAZIE, TAOTGL and
TAOTGH bits and the TRGSR register are modified while the TAIS bit remains “0” (count stops)
regardless whether after reset or not.

2. While counting is in progress, the counter value can be read out at any time by reading the TAi
register. However, if the TAi register is read at the same time the counter is reloaded, the read value
is always “FFFF16” when the timer counter underflows and “000016” when the timer counter over-
flows. If the TAi register is read after setting a value in it, but before the counter starts counting, the
read value is the one that has been set in the register.

3. If a low-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register is set to “1”
(three-phase output forcible cutoff by input on SD pin enabled), the TAlouT, TA20uT and TA40UT
pins go to a high-impedance state.
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20.6.1.3 Timer A (One-shot Timer Mode)

1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR
(i= 0 to 4) register, the TAI register, the ONSF register TAOTGL and TAOTGH bits and the TRGSR
register before setting the TAIS bit in the TABSR register to “1” (count starts).

Always make sure the TAIMR register, the ONSF register TAOTGL and TAOTGH bits and the
TRGSR register are modified while the TAIS bit remains “0” (count stops) regardless whether after
reset or not.

2. When setting TAIS bit to “0” (count stop), the followings occur:
* A counter stops counting and a content of reload register is reloaded.
 TAiouT pin outputs “L".
* After one cycle of the CPU clock, the IR bit in TAIIC register is set to “1” (interrupt request).

3. Output in one-shot timer mode synchronizes with a count source internally generated. When the
external trigger has been selected, a maximun delay of one cycle of the count source occurs be-
tween the trigger input to TAIIN pin and output in one-shot timer mode.

4. The IR bit is set to “1” when timer operation mode is set with any of the following procedures:
* Select one-shot timer mode after reset.
» Change an operation mode from timer mode to one-shot timer mode.
» Change an operation mode from event counter mode to one-shot timer mode.
To use the timer Ai interrupt (the IR bit), set the IR bit to “0” after the changes listed above have
been made.

5. When a trigger occurs while the timer is counting, the counter reloads the reload register value, and
continues counting after a second trigger is generated and the counter is decremented once. To
generate a trigger while counting, space more than one cycle of the timer count source from the first
trigger and generate again.

6. When selecting the external trigger for the count start conditions in timer A one-shot timer mode, do
not generate an external trigger 300ns before the count value of timer A is set to “000016". The one-
shot timer may stop counting.

7. If alow-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register is set to “1”
(three-phase output forcible cutoff by input on SD pin enabled), the TAlouT, TA20uT and TA40UT
pins go to a high-impedance state.
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20.6.1.4 Timer A (Pulse Width Modulation Mode)

1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR
(i=0to 4) register, the TAi register, the ONSF register TAOTGL and TAOTGH bits and the TRGSR
register before setting the TAIS bit in the TABSR register to “1” (count starts).

Always make sure the TAIMR register, the ONSF register TAOTGL and TAOTGH bits and the
TRGSR register are modified while the TAIS bit remains “0” (count stops) regardless whether after
reset or not.

2. The IR bit is set to “1” when setting a timer operation mode with any of the following procedures:
* Select the PWM mode after reset.
» Change an operation mode from timer mode to PWM mode.
« Change an operation mode from event counter mode to PWM mode.
To use the timer Ai interrupt (interrupt request bit), set the IR bit to “0” by program after the above
listed changes have been made.

3. When setting TAIS register to “0” (count stop) during PWM pulse output, the following action occurs:
* Stop counting.
* When TAIiouUT pin is output “H”, output level is set to “L” and the IR bit is set to “1".
* When TAIiouT pin is output “L”", both output level and the IR bit remains unchanged.

4. If a low-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register is set to “1”
(three-phase output forcible cutoff by input on SD pin enabled), the TA1ouT, TA20uUT and TA40UT
pins go to a high-impedance state.
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20.6.2 Timer B
20.6.2.1 Timer B (Timer Mode)

1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TBIMR
(i=0to 2) register and TBi register before setting the TBIS bit in the TABSR register to “1” (count
starts).

Always make sure the TBIMR register is modified while the TBiS bit remains “0” (count stops)
regardless whether after reset or not.

2. The counter value can be read out at any time by reading the TBi register. However, if this register
is read at the same time the counter is reloaded, the read value is always “FFFF16.” If the TBi
register is read after setting a value in it but before the counter starts counting, the read value is the
one that has been set in the register.

20.6.2.2 Timer B (Event Counter Mode)

1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TBIMR
(i=0to 2) register and TBi register before setting the TBIS bit in the TABSR register to “1” (count
starts).

Always make sure the TBIMR register is modified while the TBiS bit remains “0” (count stops)
regardless whether after reset or not.

2. The counter value can be read out at any time by reading the TBi register. However, if this register
is read at the same time the counter is reloaded, the read value is always “FFFF16.” If the TBi
register is read after setting a value in it but before the counter starts counting, the read value is the
one that has been set in the register.

20.6.2.3 Timer B (Pulse Period/pulse Width Measurement Mode)
1. The timer remains idle after reset. Set the mode, count source, etc. using the TBIMR (i = 0 to 2)
register before setting the TBIS bit in the TABSR register to “1” (count starts).
Always make sure the TBIMR register is modified while the TBiS bit remains “0” (count stops)
regardless whether after reset or not. To clear the MR3 bit to “0” by writing to the TBIMR register
while the TBIS bit is set to “1” (count starts), be sure to write the same value as previously written to
the TMODO, TMOD1, MRO, MR1, TCKO and TCK1 bits and a 0 to the MR2 bit.

2. The IR bit in TBIIC register (i=0 to 2) goes to “1” (interrupt request), when an effective edge of a
measurement pulse is input or timer Bi is overflowed. The factor of interrupt request can be deter-
mined by use of the MR3 bit in TBIMR register within the interrupt routine.

3. If the source of interrupt cannot be identified by the MR3 bit such as when the measurement pulse
input and a timer overflow occur at the same time, use another timer to count the number of times
timer B has overflowed.

4. To set the MR3 bit to “0” (no overflow), set TBIMR register with setting the TBiS bit to “1” and
counting the next count source after setting the MR3 bit to “1” (overflow).

5. Use the IR bit in TBIlC register to detect only overflows. Use the MR3 bit only to determine the
interrupt factor within the interrupt routine.
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6. When a count is started and the first effective edge is input, an indeterminate value is transferred to
the reload register. At this time, timer Bi interrupt request is not generated.

7. A value of the counter is indeterminate at the beginning of a count. MR3 may be set to “1” and timer
Bi interrupt request may be generated between a count start and an effective edge input.

8. For pulse width measurement, pulse widths are successively measured. Use program to check
whether the measurement result is an “H” level width or an “L” level width.

20.6.3 Three-phase Motor Control Timer Function

When the IVPCRL1 bit in the TB2SC register is set to 1 (three-phase output forced cutoff by SD pin input
(high-impedance) enabled), the INVO3 bit in the INVCO register is set to 1 (three-phase motor control
timer output enabled), and a low-level ("L") signal is applied to the SD pin while a three-phase PWM
signal is output, the MCU is forced to cutoff and pins U, U, V, V, W, and W are placed in a high-impedance
state and the INVO3 bit is set to O (three-phase motor control timer output disabled).

To resume the three-phase PWM signal output from pins U, U, V, V, W, and W, set the INVO3 bit to 1 and
the IVPCR1 bit to 0 (three-phase output forced cutoff disabled) after the SD pin level becomes "H". Then
set the IVPCR1 bit to 1 (three-phase output forced cutoff enabled) in order to enable the three-phase
output forced cutoff function by input to the SD pin again.

The INVO3 bit cannot be set to 1 while an "L" signal is input to the SD pin. To set the INVO3 bit to 1 after
forcible cutoff, write 1 to the INVO3 bit and read the bit to ensure that it is set to 1 by program. Then set the
IVPCR1 bit to 1 after setting it to O.
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20.7 Timer S
20.7.1 Rewrite the G1IR Register

Bits in the G1IR register are not automatically set to 0 (no interrupt requested) even if a requested inter-
rupt is acknowledged. Set each bit to O by program after the interrupt requests are verified.

The IC/OC interrupt is generated when any bit in the G1IR register is set to 1 (interrupt requested) after all
the bits are set to 0. If conditions to generate an interrupt are met when the G1IR register holds the value
other than 0016, the IC/OC interrupt request will not be generated. In order to enable an IC/OC interrupt
request again, clear the G1IR register to 0016. Use the following instructions to set each bit in the G1IR
register to 0.

Subject instructions: AND, BCL

Figure 20.4 shows an example of IC/OC interrupt i processing.

( Interrupt(1) )

G1IRi=1?

| Set the G1IRI bit to 0" |

v

| Process channel i waveform generating interrupt |

B

) 4

G1IRj=1?

Set the G1IRj bit to "0"

v

Process channel j time measurement interrupt

Y

G1lIR=0"?

Yes

( Interrupt completed )

NOTES:

1. Example for the interrupt operation when using the channel i waveform generating interrupt and
channel j time measurement interrupt.

Figure 20.4 IC/OC Interrupt i Flow Chart
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20.7.2 Rewrite the ICOCIIC Register

When the interrupt request to the ICOCIIC register is generated during the instruction process, the IR bit

may not be set to "1" (interrupt requested) and the interrupt request may not be acknowledged. At that

time, when the bit in the G1IR register is held to "1" (interrupt requested), the following IC/OC interrupt

request will not be generated. When changing the ICOCIIC register settiing, use the following instruction.
Subject instructions: AND, OR, BCLR, BSET

When initializing Timer S, change the ICOCIIC register setting with the request again after setting the
IOCiIC and G1IR registers to "0016".

20.7.3 Waveform Generating Function

1. If the BTS bitin the G1BCRL register is set to "0" (base timer is reset) when the waveform is generating

and the base timer is stopped counting, the waveform output pin keeps the same output level. The output

level will be changed when the base timer and the G1PQOj register match the setting value next time after
the base timer starts counting again.

2. If the G1IPOCR;j register is set when the waveform is generated, the same setting value of the IVL bit is

applied to the waveform generating pin. Do not set the G1POCR;j register when the waveform is generat-

ing.

3. When the RST1 bit in the G1BCR1 register is set to "1" (the base timer is reset by matching the G1POO0
register), the base timer is reset after two clock cycles of fBT1 when the base timer value matches the
G1POO register value. A high-level ("H") signal is applied to the OUTC10 pin between the base timer
value match to the base timer reset.

20.7.4 IC/OC Base Timer Interrupt

If the MCU is operated in the combination selected from Tabl e 1 for use when the RST4 bit in the
G1BCRO register is set to 1 (reset the base timer that matches the G1BTRR register) to reset the base
timer, an IC/OC base timer interrupt request is generated twice.

Table 20.1 Uses of IT Bit in the GIBCRO Register and G1BTRR Register
IT Bit in the G1BCRO Register G1BTRR Register

0 (bit 15 in the base timer overflows) 07FFF16 to OFFFE16

03FFF16 to OFFFE16 or

1 (bit 14 in the base timer overflows) OBFFF16 to OFFFE16

The second IC/OC base timer interrupt request is generated because the base timer overflow request is
generated after one fBT1 clock cycle as soon as the base timer is reset.

One of the following conditions must be met in order not to generate the IC/OC base timer interrupt

request twice:

1) When the RST4 bit is set to 1, set the G1BTRR register with a combination other than what is listed in
Table 20.1.

2) Do not reset the base timer by matching the G1BTRR register. Reset the base timer by matching the
G1PO0O0 register. In other words, do not set the RST4 bit to 1 to reset the base timer. Set the RST1 bit in
the G1BCRL1 register to 1 (reset the base timer that matches the G1PO0O register).
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20.8 Serial 1/10
20.8.1 Clock-Synchronous Serial 1/10

20.8.1.1 Transmission/reception
1. With an external clock selected, and choosing the RTS function, the output level of the RTSi pin
goes to “L” when the data-receivable status becomes ready, which informs the transmission side
that the reception has become ready. The output level of the RTSi pin goes to “H” when reception
starts. So if the RTSi pin is connected to the CTSi pin on the transmission side, the circuit can
transmission and reception data with consistent timing. With the internal clock, the RTS function
has no effect.

2. If a low-level signal is applied to the SD pin when the IVPCRL1 bit in the TB2SC register is set to “1”
(three-phase output forcible cutoff by input on SD pin enabled), the P73/RTS2/TxD1(when the
U1MAP bit in PACR register is “1”) and CLK2 pins go to a high-impedance state.

20.8.1.2 Transmission

When an external clock is selected, the conditions must be met while if the CKPOL bit in the UiCO
register is set to “0” (transmit data output at the falling edge and the receive data taken in at the rising
edge of the transfer clock), the external clock is in the high state; if the CKPOL bit in the UiCO register
is set to “1” (transmit data output at the rising edge and the receive data taken in at the falling edge of
the transfer clock), the external clock is in the low state.

» The TE bit in UiC1 register is set to “1” (transmission enabled)

» The TI bit in UiC1 register is set to “0” (data present in UiTB register)

« If CTS function is selected, input on the CTSi pin is set to “L”

20.8.1.3 Reception
1. In operating the clock-synchronous serial 1/0O, operating a transmitter generates a shift clock. Fix
settings for transmission even when using the device only for reception. Dummy data is output to
the outside from the TxDi pin when receiving data.

2. When an internal clock is selected, set the TE bit in the UiC1 register (i = 0 to 2) to "1" (transmission
enabled) and write dummy data to the UiTB register, and the shift clock will thereby be generated.
When an external clock is selected, set the TE bit in the UiC1 register (i = 0 to 2) to "1" and write dummy
data to the UiTB register, and the shift clock will be generated when the external clock is fed to the CLKi
input pin.

3. When successively receiving data, if all bits of the next receive data are prepared in the UARTI
receive register while the RE bit in the UiC1 register (i = 0 to 2) is set to “1” (data present in the UiRB
register), an overrun error occurs and the UiRB register OER bit is set to “1” (overrun error oc-
curred). In this case, because the content of the UiRB register is indeterminate, a corrective mea-
sure must be taken by programs on the transmit and receive sides so that the valid data before the
overrun error occurred will be retransmitted. Note that when an overrun error occurred, the SiRIC
register IR bit does not change state.

4. To receive data in succession, set dummy data in the lower-order byte of the UiTB register every
time reception is made.

5. When an external clock is selected, make sure the external clock is in high state if the CKPOL bit is
set to “0”, and in low state if the CKPOL bit is set to “1” before the following conditions are met:
» The RE bit in the UiC1 register is set to “1” (reception enabled)
» The TE bit in the UiC1 register is set to “1” (transmission enabled)
» The TI bit in the UiC1 register= “0" (data present in the UiTB register)
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20.8.2 UART Mode
20.8.2.1 Special Mode 1 (12C bus Mode)
When generating start, stop and restart conditions, set the STSPSEL bit in the U2SMRA4 register to “0”
and wait for more than half cycle of the transfer clock before setting each condition generate bit
(STAREQ, RSTAREQ and STPREQ) from “0” to “1”.

20.8.2.2 Special Mode 2
If a low-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register is set to "1"
(three-phase output forcible cutoff by input on SD pin enabled), the RTS2 and CLK2 pins go to a high-
impedance state.

20.8.2.3 Special Mode 4 (SIM Mode)
A transmit interrupt request is generated by setting the U2C1 register U2IRS bit to “1” (transmission
complete) and U2ERE bit to “1” (error signal output) after reset. Therefore, when using SIM mode, be
sure to clear the IR bit to “0” (no interrupt request) after setting these bits.

20.8.3 SI/03, S1/04

The SOUTI default value which is set to the SOUTI pin by the SMi7 bit approximately 10ns may be output
when changing the SMi3 bit from "0" (I/O port) to "1" (SOUTi output and CLK function) while the SMi2 bit
in the SiC (i=3 and 4) to "0" (SOUTi output) and the SMi6 bit is set to "1" (internal clock). And then the
SOUTi pin is held high-impedance.

If the level which is output from the SOUTi pin is a problem when changing the SMi3 bit from "0" to "1", set
the default value of the SOUTI pin by the SMi7 bit.
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20.9 A/D Converter

1. Set ADCONO (except bit 6), ADCON1, ADCON2 and ADTRGCON registers when A/D conversion is
stopped (before a trigger occurs).

2. When the VCUT bit in ADCONL1 register is changed from “0” (Vref not connected) to “1” (Vref con-
nected), start A/D conversion after passing 1 s or longer.

3. To prevent noise-induced device malfunction or latchup, as well as to reduce conversion errors, insert
capacitors between the AVcc, VREF, and analog input pins (ANi, ANOi, AN2i(i=0 to 7)) each and the
AVss pin. Similarly, insert a capacitor between the Vcc pin and the Vss pin. Figure 20.5 is an example
connection of each pin.

4. Make sure the port direction bits for those pins that are used as analog inputs are set to “0” (input
mode). Also, if the TGR bit in the ADCONO register is set to "1" (external trigger), make sure the port
direction bit for the ADTRG pin is set to “0” (input mode).

5. When using key input interrupts, do not use any of the four AN4 to AN7 pins as analog inputs. (A key
input interrupt request is generated when the A/D input voltage goes low.)

6. The @AD frequency must be 10 MHz or less. For M16C/28B, set it 12 MHz or less. Without sample-and-
hold function, limit the @aD frequency to 250kHz or more. With the sample and hold function, limit the
@AD frequency to 1MHz or more.

7. When changing an A/D operation mode, select analog input pin again in the CH2 to CHO bits of
ADCONO register and the SCAN1 to SCANO bits of ADCON1 register.

MCU

Vcc
Vcc AVcc
C4
Vss VREF
C1 Cc2——

AVss

Vcc

L

Lo

F

ANi

ANi: ANi, ANOi, AN2i (i = 0 to 7), and AN3i (i= 0 to 2)

NOTES:
1.C1=0.47 pF, C220.47 pF, C3 =100 pF, C4 =2 0.1 pF (reference)
2. Use thick and shortest possible wiring to connect capacitors.

Figure 20.5 Use of capacitors to reduce noise
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8. If the CPU reads the AD register i (i = 0 to 7) at the same time the conversion result is stored in the AD
register i after completion of A/D conversion, an incorrect value may be stored in the AD register i. This
problem occurs when a divide-by-n clock derived from the main clock or a subclock is selected for CPU
clock.

* When operating in one-shot, single-sweep mode, simultaneous sample sweep mode, delayed
trigger mode O or delayed trigger mode 1
Check to see that A/D conversion is completed before reading the target AD register i. (Check the IR
bit in the ADIC register to see if A/D conversion is completed.)

« When operating in repeat mode or repeat sweep mode 0 or 1
Use the main clock for CPU clock directly without dividing it.

9. If A/D conversion is forcibly terminated while in progress by setting the ADST bit in the ADCONO register
to “0” (A/D conversion halted), the conversion result of the A/D converter is indeterminate. The contents
of AD register i irrelevant to A/D conversion may also become indeterminate. If while A/D conversion is
underway the ADST bit is cleared to “0” in a program, ignore the values of all AD register i.

10. When setting the ADST bit in the ADCON register to "0" to stop A/D conversion during A/D converting
operation in single sweep conversion mode, A/D delayed trigger mode 0, or A/D delayed trigger mode 1,
set the ADST bit to "0" after an interrupt is disabled because the A/D interrupt request may be generated.
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20.10 Multi-master 12C bus Interface

20.10.1 Writing to the SO0 Register

When the start condition is not generated, the SCL pin may output the short low-signal ("L") by setting the
SO0 register. Set the register when the SCL pin outputs an "L" signal.

20.10.2 AL Flag

When the arbitration lost is generated and the AL flag in the S10 register is set to "1" (detected), the AL
flag can be cleared to "0" (not detected) by writing a transmit data to the SO0 register. The AL flag should
be cleared at the timing when master geneates the start condition to start a new transfer.
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20.11 Programmable I/O Ports

1. If a low-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register is set to “1”
(three-phase output forcible cutoff by input on SD pin enabled), the P72 to P75, P80 and P81 pins go to
a high-impedance state.

2. The input threshold voltage of pins differs between programmable input/output ports and peripheral
functions.
Therefore, if any pin is shared by a programmable input/output port and a peripheral function and the
input level at this pin is outside the range of recommended operating conditions VIH and VIL (neither
“high” nor “low”), the input level may be determined differently depending on which side—the program-
mable input/output port or the peripheral function—is currently selected.

3. When the SM32 bit in the S3C register is set to "1", the P32 pin goes to high-impedance state. When
the SM42 bit in the S4C register is set to "1", the P96 pin goes to high-imepdance state.

4. When the INVO3 bit in the INVCO register is "1"(three-phase motor control timer output enabled), an "L"
input on the P85 /NMI/SD pin, has the following effect.

*When the TB2SC register IVPCRL1 bit is set to “1” (three-phase output forcible cutoff by input on
SD pin enabled), the U/ U/ V/ V/ W/ W pins go to a high-impedance state.

*When the TB2SC register IVPCRL1 bit is set to “0” (three-phase output forcible cutoff by input on
SD pin disabled), the U/ U/ V/ V/ W/ W pins go to a normal port.

Therefore, the P85 pin can not be used as programmable 1/0O port when the INVO3 bit is set to "1".
When the SD function isn't used, set to "0" (Input) in PD85 and pullup to "H" in the P85 /NMI/SD pin from
outside.
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20.12 Electric Characteristic Differences Between Mask ROM and

Flash Memory Version
Flash memory version and mask ROM version may have different characteristics, operating margin, noise
tolerated dose, noise width dose in electrical characteristics due to internal ROM, different layout pattern,
etc. When switching to the mask ROM version, conduct equivalent tests as system evaluation tests con-
ducted in the flash memory version.
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20.13 Mask ROM Version
20.13.1 Internal ROM Area

In the masked ROM version, do not write to internal ROM area. Writing to the area may increase power
consumption.

20.13.2 Reserved Bit
The b3 to b0 in addresses OFFFFF16 are reserved bits. Set these bits to "11112".
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20.14 Flash Memory Version
20.14.1 Functions to Inhibit Rewriting Flash Memory Rewrite

ID codes are stored in addresses OFFFDF16, OFFFE316, OFFFEB16, OFFFEF16, OFFFF316, OFFFF716,
and OFFFFBz1s. If wrong data are written to theses addresses, the flash memory cannot be read or written
in standard serial I/O mode.

The ROMCP register is mapped in address OFFFFF16. If wrong data is written to this address, the flash
memory cannot be read or written in parallel /O mode.

In the flash memory version of microcomputer, these addresses are allocated to the vector addresses (H)
of fixed vectors. The b3 to b0 in address OFFFFF16 are reserved bits. Set these bits to “11112".

20.14.2 Stop Mode
When the microcomputer enters stop mode, execute the instruction which sets the CM10 bit to “1"(stop
mode) after setting the FMRO01 bit to “0”(CPU rewrite mode disabled) and disabling the DMA transfer.

20.14.3 Wait Mode

When the microcomputer enters wait mode, excute the WAIT instruction after setting the FMRO1 bit to
“0”(CPU rewrite mode disabled).

20.14.4 Low Power Dissipation Mode, On-Chip Oscillator Low Power Dissipation Mode

If the CMO5 bit is set to “1” (main clock stop), the following commands must not be executed.
* Program
* Block erase

20.14.5 Writing Command and Data
Write the command code and data at even addresses.

20.14.6 Program Command
Write ‘xx4016’ in the first bus cycle and write data to the write address in the second bus cycle, and an
auto program operation (data program and verify) will start. Make sure the address value specified in the
first bus cycle is the same even address as the write address specified in the second bus cycle.

20.14.7 Operation Speed
When CPU clock source is main clock, before entering CPU rewrite mode (EW mode 0 or 1), select 10
MHz or less for CPU clock using the CMO06 bit in the CMO register and the CM17 to CM16 bits in the CM1
register. Also, when CPU clock is f3(ROC) on-chip oscillator clock, before entering CPU rewrite mode
(EW mode 0 or 1), set the ROCR3 to ROCR2 bits in the ROCR register to “divied by 4” or “divide by 8.
On both cases, set the PM17 bit in the PM1 register to “1” (with wait state).

20.14.8 Instructions Inhibited Against Use
The following instructions cannot be used in EW mode 0 because the flash memory’s internal data is
referenced: UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK instruction
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20.14.9 Interrupts
EW Mode 0

» Any interrupt which has a vector in the variable vector table can be used providing that its vector is
transferred into the RAM area.

» The NMI and watchdog timer interrupts can be used because the FMRO register and FMR1 register
are initialized when one of those interrupts occurs. The jump addresses for those interrupt service
routines should be set in the fixed vector table.

Because the rewrite operation is halted when a NMI or watchdog timer interrupt occurs, the rewrite
program must be executed again after exiting the interrupt service routine.

» The address match interrupt cannot be used because the flash memory’s internal data is referenced.

EW Mode 1

» Make sure that any interrupt which has a vector in the variable vector table or address match inter-
rupt will not be accepted during the auto program period or auto erase period with erase-suspend
function disabled.

+ The NMI interrupt can be used because the FMRO register and FMR1 register are initialized when
this interrupt occurs. The jump address for the interrupt service routine should be set in the fixed
vector table.

Because the rewrite operation is halted when a NMI interrupt occurs, the rewrite program must be
executed again after exiting the interrupt service routine.

20.14.10 How to Access

To set the FMRO1, FMR02, FMR11 or FMR16 bit to “1”, set the subject bit to “1” immediately after setting
to “0”. Do not generate an interrupt or a DMA transfer between the instruction to set the bit to “0” and the
instruction to set the bit to “1”. When the PM24 bit is set to “1” (NMI funciton), apply a high-level (“H")
signal to the NMI pin to set those bits.

20.14.11 Writing in the User ROM Area

EW Mode 0
« If the power supply voltage drops while rewriting any block in which the rewrite control program is
stored, a problem may occur that the rewrite control program is not correctly rewritten and, conse-
quently, the flash memory becomes unable to be rewritten thereafter. In this case, standard serial I/
O or parallel /0O mode should be used.
EW Mode 1
* Avoid rewriting any block in which the rewrite control program is stored.

20.14.12 DMA Transfer

In EW mode 1, make sure that no DMA transfers will occur while the FMROO bit in the FMRO register is set
to "0"(during the auto program or auto erase period).

20.14.13 Regarding Programming/Erasure Times and Execution Time

As the number of programming/erasure times increases, so does the execution time for software com-
mands (Program, and Block Erase).

The software commands are aborted by hardware reset 1, hardware reset 2, NMI interrupt, and watchdog
timer interrupt. If a software command is aborted by such reset or interrupt, the affected block must be
erased before reexecuting the aborted command.
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20.14.14 Definition of Programming/Erasure Times
"Number of programs and erasure" refers to the number of erasure per block.
If the number of program and erasure is n (n=100 1,000 10,000) each block can be erased n times.
For example, if a 2K byte block A is erased after writing 1 word data 1024 times, each to a different
address, this is counted as one program and erasure. However, data cannot be written to the same
adrress more than once without erasing the block. (Rewrite prohibited)

20.14.15 Flash Memory Version Electrical Characteristics 10,000 E/W cycle products (U7, U9)
If the number of Block A or B E/W cycle is already known to exceed 100, set the FMR17 bit in the FMR1
register to "1" (one wait) after reset. When the FMR17 bit is set to "1", one wait state is inserted per
access to Block A or B, regardless of the value of the PM17 bit in the PM1 register. Wait state insertion
during access to all other blocks, as well as to internal RAM, is controlled by PM17, regardless of the
setting of FMR17.
To use the limited number of erasure efficiently, write to unused address within the block instead of
rewrite. Erase block only after all possible address are used. For example, an 8-word program can be
written 128 times before erase becomes necessary.
Maintaining an equal number of erasure between Block A and B will also improve efficiency.
We recommend keeping track of the number of times erasure is used and limiting the number of erasure.

20.14.16 Boot Mode

An indeterminate value is sometimes output in the 1/0O port until the internal power supply becomes stable
when "H" is applied to the CNVss pin and "L" is applied to the RESET pin.
When setting the CNVss pin to "H", the following procedure is required:

(1) Apply an "L" signal to the RESET pin and the CNVss pin.

(2) Bring Vcc to more than 2.7V, and wait at least 2msec. (Internal power supply stable waiting time)
(3) Apply an "H" signal to the CNVss pin.

(4) Apply an "H" signal to the RESET pin.

When the CNVss pin is “H” and RESET pin is “L”, P67 pin is connected to the pull-up resister.

20.14.17 Standard Serial I/O Mode

In flash memory version (128 K + 4 K), a high-level ("H") signal is output from P93 for certain period of time
in standard serial I/O mode. In standard serial /O mode, input an "H" signal to P93 or leave the port
open.
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20.15 Noise

Connect a bypass capacitor (approximately 0.1uF) across the Vcc and Vss pins using the shortest and
thicker possible wiring. Figure 20.6 shows the bypass capacitor connection.

M16C/28 Group

“%4“%“

Connecting Pattern \Connecling Pattern

O

Bypass Capacitor

Figure 20.6 Bypass Capacitor Connection

20.15.1 Trace of Print Board (85-pin Package)

Creat a layout with thick lines as shown in Figure 20.7 for the trace around clock pins on the print board
to avoid the effect of noise input from other pins to the clock pins (XIN, XouT, XCIN, XCOUT).
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Figure 20.7 Recommended Print Board Trace around Clock Pins
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20.16 Instruction for a Device Use

When handling a device, extra attention is necessary to prevent it from crashing during the electrostatic
discharge period.
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Appendix 1. Package Dimensions

JEITA Package Code [ RENESAS Code | Previous Code [ MASS[Typ] |
P-LQFP64-10x10-0.50 PLQPO064KB-A 64P6Q-A | FP-64K | FP-64KV | 0.3g

Hp

*1
D

RRAARARRRRRRARRR

O

NOTE)
1. DIMENSIONS "*1" AND "*2"
DO NOT INCLUDE MOLD FLASH.
2. DIMENSION "*3" DOES NOT
INCLUDE TRIM OFFSET.

A"

«

2

bp

He

Dimension in Millimeters
symbol ' Min | Nom| Max
* D 9.9 110.0| 10.1
E 9.9 110.0| 10.1

Q Terminal cross section
N A | — | 14| —
LT ELEEL: Fp | 11.8 | 12.0| 12.2
L 16 He | 11.8]12.0| 12.2
Index mark
A 1.7

Zp - -

A1 [0.05] 0.1 | 0.15
bp [0.15]0.20]0.25

ARARARARARAARARA
(EEEEEEECEREEL

CIAAAMAAAAAAAAAA—L

-
]
E

J

by | — ]0.18] —
il 7T\ <| & = o Cc 10.090.145| 0.20
Famiiiiieps | h% c1 0.125
- e | oo | — | &
@ Sy < LT; e | —]05] —
3« ©) L x | — | — o008
- y | — [ —1o0.08
Detail F ZD — 125 | —
Ze | — [1.25] —
L [035] 05065
Li | —]10] —
JEITA Package Code [ RENESAS Code |  Previous Code | MASS[Typ] |
P-LQFP80-12x12-0.50 PLQPO0BOKB-A 80P6Q-A 059
Hp
T
60 41
ARARAARARARAARAAAARAR NOTE)
1. DIMENSIONS "*1" AND "*2"
DO NOT INCLUDE MOLD FLASH.
=20 = e
== = bp '
= = v
= ==
= o= EE
= = w
: : & Dimension in Millimeters
= == ) Symbol T Min | Nom | Max
E E Nm Terminal cross section 2 11.9 12.0 12. 1
== == 11.9] 12.0] 12.1
8 == Q 2 Ay | — 14| —
RELLEELLELLEELL no | 138 14.0) 142
1 He | 13.8] 14.0] 14.2
. Al — [ —T17
Al 0 [01]o02
£ b, | 0.15] 0.20] 0.25
p 4 7 by | — 048] —
S CHAAAA A AR < < o € | 0.09/0.145} 0.20
- ARt o | Joaz
. = 8 0o | — | 10
] = pr$x® < ‘L77 e |—1]05] —
L X | — | — 008
y |— | — o008
Detail F Zp | — | 1.25| —
Ze | — [1.25] —
L [03]05]07
Li | — | 10| —
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JEITA Package Code RENESAS Code |  Previous Code | MASS[Typ] |
P-TFLGAB5-7x7-0.65 | PTLG0085JB-A | 85F0G \ 01g |
o Slls1A] 2
tb
o A g .
| [ogoooloooool
! J OOOOO‘QQQQ@*“
| "|oooo00j00000
| «| 000 ‘ 000 5]
oL & [l ooo | oooli
e|000 # (eJoXe]
| | O000 | (eJoXe]
‘ c OOOOO‘OOOOO
| O000000000
; A POOOOO;OOOOO
x4 ‘ __ ! 2 s 4 5 ‘ s ! ¢ ¢ o imension in Millimeters
E \% Index mark Symeol DMiin N700m” M:X
E| |70 —
v | —[— o015
w | — [ — [0.20
A | — ] —T105
€ | — [065] —
b [0.31]0.35]0.39
b1 [0.39] 043|047
x | — ] —o0.08
y | —[— o010
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Appendix 2. Functional Comparison

Appendix 2.1 Difference between M16C/28 Group Normal-ver. and M16C/28 Group T-ver./V-ver. @

Item Description M16C/28 (Normal-ver.) M16C/28 (T-ver./V-ver.)
Clock Clock output function (function . .
Generation of bl to b0 bits in the CMO Not available (reserved bit) Qi\t/)allable (clock output function select
Circuit register)

Reset Low Voltage Detect Circuit Available (voltage detect register 1,
(function of 001916, 001A1s6, voltage detect register 2, low voltage | Not available (reserved register)
001F16) detect interrupt register)
Three-phase Lo . .
Motor Control Threg-phase port switching Not available (reserved register) Ava_ulable (port function select
Timer function (function of 035816) register)
A/ID Number of A/D input pin 24 channels (excluding AN3o to AN32) | 27 channels (including AN3o to AN32)
Delayed trigger mode 0 Not av:?lllable in the 1st chip version Available
and chip version A
Delayed trigger mode 1 Not avr?ulable in the 1st chip version Available
and chip version A
CRC Available (compatible to CRC- | Not available (all related registers are Available (1 circuit)
Calculation CCITT and CRC-16 methods) | reserved registers)
Pin Function |3 pins (80—p|n_/85—p|n package), PY2/TB2IN P92/AN32/TB2IN
64 pins (64-pin package.)
4 pins (80-pin package), POLTBLIN P91/AN31/TBLIN
1 pin (64-pin package)
> pins (80-p!n package), P9o/TBOIN P90/AN30/TBOIN/CLKoOUT
2 pins (64-pin package)
Flash . . | (other than 128 Kbyte version)
Memory P93 in standard serial /O mode /O (128 Kbyte version) |
I: Input  O: Output  I/O: Input and output
NOTE:

1. Since the M16C/28 Group uses the common emulator used in the M16C/29 Group, all the functions are available for
M16C/28. When evaluating M16C/28 Group, do not access to the SFR which is not built-in the M16C/28 Gorup.
Refere to hardware manual for details and electrical characteristics.
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Appendix 2. Functional Comparison

Appendix 2.2 Difference between M16C/28 Group and M16C/29 Group (Normal-ver.) @)

Item Description M16C/28(Normal-ver.) M16C/29(Normal-ver.)
Clock Clock output function (function . .
Generation of b1 to b0 bits in the CMO Not available (reserved bit) g\t/)allable (clock output function select
Circuit register)
Protection Enable to set the CM0O, CM1, CM2
. . Enable to set the CM0, CM1, CM2, ' ! !
Function of the PRCO bit POCR, PLCO and PCLKR registers PO_CR, PLCO, PCLKR and CCLKR
registers
Interrupt The IFSR20 bit setting in the

IFSR2A register

Setto 1l

Setto 0

The b1 bit in the IFSR2A
register

Not available (reseved bit)

Interrupt cause switching bit (0: A/D
conversion, 1:key input)

The b2 bit in the IFSR2A
register

Not available (reseved bit)

Interrupt cause switching bit (0: CANO
wake-up/ error)

Interrupt cause in the Interrupt
number 13

Key input interrupt

CANO error

Interrupt cause in the Interrupt
number 14

Key input interrupt

A/D, key input interrupt

Three-phase
Motor Control
Timer

Three-phase port switching
function (function of 035816)

Not available (reserved register)

Available (port function select register)

A/D Number of A/D input pin 24 channels (excluding AN3o0 to AN32) | 27 channels (including AN3o to AN32)
Delayed trigger mode 0 Not avgllable in the 1st chip version Available
and chip version A
Delayed trigger mode 1 Not ava_ulable in the 1st chip version Available
and chip version A
CAN module compatible to 2.08 Not avallable_ (all related registers are Available (1 channel)
reserved registers)
CRC Available (compatible to CRC- | Not available (all related registers are Available (1 circuit)
Calculation CCITT and CRC-16 methods) | reserved registers)
Pin Function |2 pins (80—p|n_/85—p|n package), P93/AN24 P93/AN24/CTX
62 pins (64-pin package)
3 pins (80-pin/85-pin package), | pg,goy P92/AN32/TB2IN/CRX
64 pins (64-pin package)
4 pins (80-pin/85-pin package), | g, rgy P91/AN31/TBLIN
1 pin (64-pin package)
5 pins (80-pin/85-pin package), | pg,rggy P90/AN30/TBOIN/CLKOUT
2 pins (64-pin package)
Flash P93 in standard serial 1/10 | (other than 128 Kbyte version) CTX output
Memory mode 1/0 (128 Kbyte version) P
I: Input  O: Output  I/O: Input and output
NOTE:

1. Since the M16C/28 Group uses the common emulator used in the M16C/29 Group, all the functions are available for
M16C/28. When evaluating M16C/28 Group, do not access to the SFR which is not built-in the M16C/28 Gorup.
Refere to hardware manual for details and electrical characteristics.
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Register Index

Register Index

A

ADOto AD7 221
ADCONO to ADCON2 219
ADIC 73

ADSTATO 221
ADTRGCON 220

G1lIE1 145

GlIR 144
G1POO0O to G1PO7 142
G1POCRO to G1IPOCR7 141
G1TMO to G1TM7 141
G1TMCRO to GITMCR7 140
G1TPR6 to G1TPR7 140

AIER 85

|
B

ICOCOIC 73
S;JII\!C?S??’ ICOClIC 73

ICTB2 126, 127
C IDBO 126
o a6 IDBL 126
o IFSR 74, 82
o IFSR2A 74
CPSRF 102, 115 ele 78

; INTOIC to INT2IC 73

D INT3IC 73

INT4IC 73
D4INT 37

INT5IC 73
DARO 92

INVCO 124
DAR1 92

INVC1 125
DMOCON 91
DMOIC 73 K
DMOSL 90 KUPIC 73
DM1CON 91
DM1IC 73 L
DM1SL 91 LPCCO 351
DTT 126 LPCC1 351
F N
FMRO 308 NDDR 293
FMR1 308
FMR4 309 O
G ONSF 102
G1BCRO 137 P
G1BCR1 138 PO to P3 290
G1BT 137 P17DDR 293
G1BTRR 139 P6to P10 290
G1DV 138 PACR 172, 292
G1FE 143 PCLKR 49
G1FS 143 PCR 292
G1IE0 145
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Register Index

PDO to PD3 289
PD6 to PD10 289
PDRF 134

PLCO 50

PM2 49

PRCR 66

PURO to PUR2 291

R

RMADO 85
RMAD1 85
ROCR 47
ROMCP 303

S

S00 253
SODO 252
SORIC to S2RIC 73
SOTIC to S2TIC 73

TA4 127

TA41 127

TAAMR 130

TABSR 101, 115, 129
TBOtoTB2 115
TBOIC to TB2IC 73
TBOMR to TB2MR 114
TB2 129

TB2MR 130

TB2SC 128, 222
TCRO 92

TCR1 92

TRGSR 102, 129

U

UOBRG to U2BRG 169
UoCOtoU2CO 171
UOClto U2C1 172
UOMR to U2MR 170

S10 255 UORB to U2RB 169
S1D0 254 UOTB to U2TB 169
S20 253 U2SMR 173
S2D0 258 U2SMR2 173
S3BRG 213 U2SMR3 174
S3C 213 U2SMR4 174
S3D0 256 UCON 171
sS3IC 73 UDF 101
S3TRR 213

S4BRG 213 v

s4C 213 VCR1 36
S4D0 257 VCR2 36
s4Ic 73

SATRR 213 W

SARO 92 wWDC 87
SAR1 92 WDTS 87
SCLDAIC 73

-

TAO to TA4 101

TAOIC to TA4IC 73

TAOMR to TAAMR 100

TALl 127

TAIMR 130

TA2 127

TA21 127

TA2MR 130
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Rev.

Date

Description

Page

Summary

0.60

Feb., 04

New Document

1.00

Jul., 05

All Pages

New chapters added

Chapter, Table and Figure numbers modified

Words standardized: On-chip oscillator, A/D converter and D/A converter, EW
mode 0,1, IEBus, I12C bus

Description of T-ver./V-ver. are deleted

Chapter sequence modified

2,3

4,5

8,9

10

Overview

« 1.1 Applications “motor control” added

* Table 1.1 and 1.2 Performance Outline
Description relating to T-ver./V-ver. are deleted, power consumption values
modified, package type is modified, Note 3 added

e Figure 1.1 and 1.2 Block Diagram Block diagrams revised

» 1.4 Product List description partly added

e Figure 1.3 Product List (1) Normal-ver. Mask ROM, T and V versions deleted

* Figure 1.4 Product Numbering System Product code, version, ROM capacity,
and memory type modified

* Table 1.4 Product Code (Flash Memory-ver.) - M16C/28 Group Normal-ver.
added

* Figure 1.4 Marking Diagram-M16C/28 Group Normal-ver. added

* Figure 1.5 Pin Assignment (Top View) of 80-pin Package and Figure 1.5 Pin
Assignment (Top View) of 80-pin Package modified

» Table 1.5 and 1.6 Pin Description Description of T/V-ver.deleted, description
of P90 to P93, P95 to P7 partially modified

14

Memory
* Outline modified
* Figure 3.1 Memory Map Note 2 added

15-21

SFR

« “X: Nothing is mapped to this bit” modified to “X: Indeterminate”

* “?: Value indeterminate at reset” deleted

* Register names, symbols, value after RESET of addresses 025A16,035816, de-
leted

* Value after reset of WDTS, WDC, SARO, DARO, TCRO, SAR1, DAR1, TCR1,
DM1CON, INT3IC, ICOCOIC, ICOCI1IC/IICIC, BTIC/SCLDAIC, S4IC/INT5IC,
S3IC/INT4IC, BCNIC, DMOIC, DM1IC, KUPIC, ADIC, S2TIC, S2RIC, SOTIC,
SORIC, S1TIC, SRIC, TAOIC TO TA4IC, TB1IC, TB2IC, INTOIC to INT2IC,
FMR1, FMRO, S00, G1TMO/G1POO0 to G1TM7/G1PO7, G1POCRO to
G1POCR7, G1BT, G1BTRR, G1IR, TAl1l, TA21, TA41, IDBO, IDB1, DTT,
ICTB2, S3TRR, S3BRG, S4TRR, S4BRG, U2BRG, U2TB, U2RB, TAO to TA4,,
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Rev. Date Description
Page Summary
TBO to TB2, TBOMR to TB2MR, UOBRG, UOTB, UORB, U1BRG, U1TB, U1RB,
ADO to AD7, ADTRGCON, ADSTATO0, ADCONO, PO to P3, and P6 to P10 regis-
ters revised
15 e Table 4.1 SFR Infromation (1) Note 3 modified
Reset
22 *5.1.2 Hardware Reset 2 modified
25 * Figure 5.4 Voltage Detection Circuit Block modified
« 5.5 Voltage Detection Circuit Note added, information partially deleted
 (Figure 5.5.2 WDC Register) Figure deleted
26 e Figure 5.5 VCR1 Register, VCR2 Register, and D4INT Register Voltage
detection register 2: former note 4 deleted, b5-b4 revised; Voltage down detec-
tion interrupt register: (4) of note 5 added
27 * Figure 5.6 Typical Operation of Hardware Reset 2 revised
28 * 5.5.1 Voltage Detection Interrupt modified
30 «5.5.2 Limitations on Stop Mode modified
*5.5.3 Limitations on WAIT Instruction modified
Processor Mode
30 * Figure 6.2 PM1 Register Reserved bit map modified, note 2 modified
Clock Generation Circuit
35 e Figure 7.3 CM1 Register Note 6 modified
 Figure 7.4 ROCR Register b7-b4 revised
37 * Figure 7.6 PCLKR Register and PM2 Register PCLKR Register: PCLKO and
PCLK1 modified; PM2 Register: reserved bit map modified, note 2 and note 4
modified
39 ¢ 7.1 Main Clock modified
41 ¢ 7.3 On-chip Oscillator Clock modified
43 «7.5.2 Peripheral Function Clock(f1, f2, fs, f32, f2sio, fssio, fap, fc32) modified
45 * Table 7.3 Setting Clock Related Bit and Modes modified
46 e Table 7.4 Interrupts to Exit Wait Mode Timer S added
a7 ¢ 7.6.3.1 Entering Stop Mode maodified
48 e Figure 7.11 State Transition to Stop Mode and Wait Mode Figure revised,
description added, note 5 modified
49 e Figure 7.12 State Transition in Normal Mode description added
50 * Table 7.5 Allowed Transition and Setting note 1 and note 2 modified
Protection
54 * NDDR register added
Interrupt
58 * Table 9.1 Fixed Vector Tables note 2 added
60 « 9.3 Interrupt Control IFSR21 bit added
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Rev. Date Description
Page Summary
64 * Figure 9.5 Time Required for Executing Interrupt Sequence note 2 added
68 e Figure 9.9 Hardware Interrupt Priority Watchdog timer added
70 + 9.6 INT Interrupt modified
71 9.7 NMI Interrupt modified
* 9.8 Key Input Interrupt modified
72 « 9.9 Address Match Interrupt modified
Watchdog Timer
74,75 | «Figure 10.1 Watchdog Timer Block Diagram and Figure 10.2 WDC Register
and WDTS Register moved
75 e Figure 10.2 WDC Register and WDTS Register WDC Register: note 1 and
note 2 modified
76 ¢ 10.2 Cold Start/Warm Start added with Figure 10.3 Cold start/Warm start
Operation Example
DMAC
77 * note added
83 e Figure 11.5 Transfer Cycles for Source Read (2) is modified
Timer
90 e Figure 12.5 TAO to TA4 Registers, TABSR Register, and UDF Register
Timer Ai Register: note 3 modified
101 e Figure 12.12 TAIMR Register in Pulse Width Modulation Mode b2 modified,
reserved bit map modified
110 * Figure 12.23 TBiMR Register in A/D Trigger Mode Note 1 added
e Figure 12.24 TB2SC Register Reserved bit map modified
111 e Table 12.10 Three-phase Motor Control Timer Function Specifications
Note 2 modified
113 * Figure 12.26 INVCO Register Note 1, 3, 5, 6 modified, note 10 deleted
114 e Figure 12.27 INVC1 Register INV13 bit modified, note 2 added, note 6 modi-
fied
115 e Figure 12.28 IDBO Register, IDB1 Register, DTT Register, and ICCTB2 Reg-
ister Values after reset modified, b7-6 in the ICTB2 register modified, reserved
bit map for the ICTB2 register modified
116 e Figure 12.29 TA1, TA2, TA4, TAl1l, TA21 and TA41 Register Values after
reset modified, note 6 modified
117 e Figure 12.30 TB2SC Register Reserved bit map modified
Timer S
126 e Figure 13.2 G1BT and G1BCRO Register Values after reset modified,
G1BCRO Register: note 3 added
127 * Figure 13.3 G1BCR1 Registers Value after reset modified, note 1 modified
128  Figure 13.4 G1BTRR Register modified
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129 e Figure 13.5 GITMCRO to GITMCRY7 Registers, and G1TPR6 to G1TPR7
Registers Values afte reset modified, GITPR6 to GI1TPR7 Registers: note 2
modified

130 e Figure 13.6 G1TMO to G1TM7 Registers, and G1POCRO0 to G1POCR7 Reg-
isters G1POCRO to G1POCR7 Registers: Note 3 and 4 added

131 * Figure 13.7 G1POO0 to G1PO7 Registers Value after reset modified

132 e Figure 13.8 G1FS and G1FE Registers Value after reset modified, G1FE Reg-
ister: note 2 added

133 e Figure 13.9 G1IR Register Value after reset modified, note 1 modified, note 2
deleted

134 * Figure 13.10 G1IEO and G1IE1 Register Value after reset modified

135 e Table 13.2 Base Timer Specifications Selectable function modified

146 ¢ 13.5.1 Single-Phase Waveform Output Mode modified

e Table 13.8 Single-phase Waveform Output Mode Specifications Output

waveform modified

147 e Figure 13.22 Single-phase Waveform Output Mode (1)Free-running opera-
tion modified

148 e Table 13.9 Phase-delayed Waveform Output Mode Specifications Output
waveform modified, note 1 deleted

149 e Figure 13.23 Phase-delayed Waveform Output Mode (1)Free-running opera-
tion modified

150 e Table 13.10 SR Waveform Output Mode Specifications Output waveform
modified

151 e Figure 13.24 Set/reset Waveform Output Mode (1)Free-running operation
modified

Serial 1/0

154 * Note added

158 * Figure 14.4 UOTB to U2TB, UORB to U2RB, UOBRG to U2BRG Registers
UORB to U2RB Registers: note 2 modified, UOBRG to U2BRG Registers: note 2
modified

160 * Figure 14.6 UOCO to U2C0, UCON Registers UOCO to U2CO0 Registers: note 4
to 6 added; UCON Register: note 2 added

161 e Figure 14.7 UOC1 and U1C1 Registers, U2C1 Register, PACR Register
PACR register: figure added

164 e Table 14.1 Clock Synchronous Serial I/O Mode Specifications Select func-
tion modified

165 * Table 14.2 Registers to Be Used and Settings in Clock Synchronous Serial
I/O Mode Registers modified

166 * Table 14.3 Pin Functions Note 1 added
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166 » Table 14.4 P64 Pin Functions Note 1 added
167 e Figure 14.10 Typical transmit/receive timings in clock synchronous serial I/
O mode Example of receive timing: figure modified
168 *14.1.1.1 Counter Measure for Communication Error Occurs added
170 » Figure 14.14 Transfer Clock Output From Multiple Pins Note 2 added
171 » Figure 14.15 CTS/RTS Separate Function Usage Note 1 added
172 » Table 14.5 UART Mode Specifications Transfer clock modified
174 » Table 14.8 P64 Pin Functions in UART mode Note 1 added
176 * Figure 14.17 Receive Operation revised
*14.1.2.1 Bit Rates added
» Table 14.9 Example of Bit Rates and Settings added
177 *14.1.2.2 Counter Measure for Communication Error added
179 * Figure 14.21 CTS/RTS Separate Function Note 1 added
180 « Table 14.10 I12C bus Mode Specifications Transfer clock modified
185 » Figure 14.23 Transfer to U2RB Register and Interrupt Timing modified
186 » Figure 14.24 Detection of Start and Stop Condition modified
187 e Table 14.14 STSPSEL Bit Functions modified
190 » Table 14.15 Special Mode 2 Specifications Transfer clock modified
194 » 14.1.5 Special Mode 3 (IEBus mode)(UART2) modified
196 » Table 14.18 SIM Mode Specifications Transfer clock modified
198  Figure 14.31 Transmit and Receive Timing in SIM Mode revised
202 * Figure 14.36 S3C and S4C Registers, S3BRG and S4BRG Registers, and
S3TRR and S4TRR Registers Value after reset modified; S3C and S4C Regis-
ters: note 4 modified
203 » Table 14.20 SI/O3 and SI/O4 Mode Specifications Transfer clock modified
204  Figure 14.38 Polarity of Transfer Clock modified
A/D Converter
206 * Note added
» Table 15.1 A/D Converter Performance Integral Nonlinearity Error modified
210 * Figure 15.4 ADCONO to ADCON2 Registers ADCONZ2 register: b2-b1 function
modified
211 » Figure 15.5 TB2SC Register b6-b5 modified, reserved bit area modified
213 * Figure 15.4 ADCONO to ADCON2 Registers in One-shot Mode ADCON2
register: b2-b1 function modified
215 » Figure 15.9 ADCONO to ADCON2 Registers in Repeat Mode ADCON2 regis-
ter: b2-b1 function modified
217 * Figure 15.11 ADCONO to ADCON2 Registers in Single Sweep Mode

ADCONZ2 register: b2-b1 function modified
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219 » Figure 15.13 ADCONO to ADCON2 Registers in Repeat Mode 0 ADCON2
register: b2-b1 function modified
221 » Figure 15.15 ADCONO to ADCON2 Registers in Repeat Mode 1 ADCON2
register: b2-b1 function modified
223 » Figure 15.17ADCONO to ADCON2 Registers in Simultaneous Sample
Sweep Mode ADCONLI register: reserved bit map modified; ADCONZ2 register:
b2-b1 function modified
229 * Figure 15.22 ADCONO to ADCON2 Registers in Delayed Trigger Mode 0
Reserved bit map modified; ADCONL1 register: b7-b6 modified; ADCON2 regis-
ter: b2-b1 function modified
230 » Figure 15.23 ADTRGCON Register in Delayed Trigger Mode 0 Reserved bit
map modified
235 * Figure 15.27 ADCONO to ADCON2 Registers in Delayed Trigger Mode 1
Reserved bit map modified; ADCONL1 register: b7-b6 modified; b2-b1 function
modified
236 * Figure 15.28 ADTRGON Register in Delayed Trigger Mode 1 Reserved bit
map modified
237 » 15.3 Sample and Hold modified
238 » Section deleted: [15.5 Analog Input Pin and External Sensor Equivalent Cir-
cuit Example]
« Section deteled: [15.6 Precautions of Using A/D Converter deteled]
» 15.5 Output Impedance of Sensor under A/D Conversion added
Multi-master 12C bus Interface
- Word standardized: ACK-CLK bit
Symbol used for registers
239 « Table 16.1 Multi-master I2C bus Interface Functions 1/O pin added
242  Figure 16.3 S00 and S20 Register SO0 register: Note 1 modified
243 * Figure 16.4 S1D0 Register Reserved bit map modified
244 * Figure 16.5 S10 Register b7-b6 modified
245 » Figure 16.6 S3D0 Register Note 1 and note 2 added, b7-b6 function modified
246 » Figure 16.7 S4D0 Register Note 1 added, reserved bit map modified
247 « 16.1 I12C Data Shift Register (S00 Register) modified
250 » Table 16.3 Set Values of S20 Register and SCL fregency Title modified
253 » 16.5.1 Bit O: Last Receive Bit (LRB) modified
» 16.5.2 Bit 1: General call detection flag (ADRO) modified, note 1 modified
* 16.5.3 Bit 2: Slave address comparison flag (AAS) modified
254 « 16.5.5 Bit 4: 12C Bus Interface Interrupt Request Bit (PIN) modified
255 * 16.5.7 Bit 6: Communication Mode Select Bit (Transfer Direction Select

Bit: TRX) modified
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255 » 16.5.8 Bit 7: Communication mode select bit (master/slave select bit: MST)
modified
258 » 16.6.5 Bits 6, 7: 12C System Clock Select Bits ICKO, ICK1 modified
266 » Figure 16.20 Address data communication format moved
270 * (3) Limitation of CPU Clock, 16.14 Precautions modified
Programmable 1/O Ports
271 * Note added
272 » 17.6 Digital Debounce Function Filter width formula modified
282 * Figure 17.12 NDDR and P17DDR Register Functions modified, P17DDR reg-
ister: note 1 added
283  Figure 17.13 Functioning of Digital Debounce Filter Title added, procedure
note modified
284 » Table 17.1 Unassigned Pin Handling in Single-chip Mode Note 5 added
* Figure 17.14 Unassigned Pin Handling Note modified
Flash Memory
285 » 18.1 Flash Memory Performance modified
» Table 18.1 Flash Memory Version Specifications modified, note modified
287 * 18.2 Memory Map modified
292 » 18.4 CPU Rewrite Mode modified
294 » 18.5.1 Flash Memory Control Register 0 (FMRO) FMSTP Bit modified
295 » 18.5.2 Flash Memory Control Register 1 (FMR1) FMR17 Bit modified
296 » Figure 18.6 FMRO and FMR1 Registers FMRO register: note 3 modified, value
after reset modified; FMRL1 register: note 3 modified, reserved bit map modified,
FMR6 modified
300 » 18.6.3 Interrupts EW1 mode modified
301 » 18.6.9 Stop Mode modified
304 » 18.7.5 Block Erase modified
* Figure 18.12 Flow Chart of Block Erase Comman (when not using erase
suspend function) Note 3 modified
310 » Table 18.7 Pin Functions (Flash Memory Standard Serial I/O Mode) P16 pin
added
311 » Figure 18.15 Pin Connections for Serial 1/O Mode (1) P16 pin added, note
modified
312 » Figure 18.16 Pin Connections for Serial 1/O Mode (2) P16 pin added, note
modified
313 » Figure 18.17 Circuit Application in Standard Serial 1/O Mode 1 P16 pin
added, note 1 modified
314 » Figure 18.18 Circuit Application in Standard Serial 1/O Mode 2 P16 pin

added, note 1 modified
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Electrical Characteristics
- Description of T-ver. and V-ver. deleted
316 * Table 19.1 Absolute Maximum Ratings Condition of Pd modified, Parameter /
condition/value of Topr modified
317 » Table 19.2 Recommended Operating Conditions Standard values of VIH, VIL,
fi(roc), f2(rRoc), f3(ROC) modified, parameter of ViH and ViL modified, note 4
modified
318 » Table 19.3 A/D Conversion Characeristics Standard values of INL modified,
tsamp deleted, note 4 added
319 * Table 19.4 Flash Memory Version Electrical Characteristics: Program Area
for U3 and U5, Data Area for U7 and U9 Standard values of Erase/Write cycle,
td(SR-ES) modified, tps deleted
» Table 19.5 Flash Memory Version Electrical Characteristics: Data Area for
U7 and U9 Standard values of Erase/Write cycle, td(SR-ES) modified, tps
added, data retention time added, note 1, 3, 8 modified, note 11 and 12 added
320 » Table 19.6 Low Voltage Detection Circuit Electrical Characteristics Mea-
suring condition and standard values modified, note 4 added
» Table 19.7 Power Supply Circuit Timing Characteristcs Standard values
modified, note 2 and 3 deleted
321 * Figure 19.1 Power Supply Timing Diagram modified
322 e Table 19.8 Electrical Characteristics Hysteresis XIN added
323 » Table 19.9 Electrical Characteristics(2) Measuring condition and standard
values modified, Idet2 deleted, note 4 modified
326 * Table 19.21 Serial /0 Standard value of tsu(b-c) modified
328 e Figure 19.2 Timing Diagram(1) Figure of XIN Input added
330 » Table 19.24 Electrical Characteristics Hysteresis XIN added
331 » Table 19.25 Electrical Characteristics(2) Measuring condition and standard
values modified, Idet2 deleted, note 4 modified
334 » Table 19.37 Serial /0 Standard value of tsu(b-c) modified
336 * Figure 19.5 Timing Diagram(1) Figure of XiN Input added
Precautions
- Chapter structure modified
338 » 20.2 Reset Section and
» Table 20.1 Power Supply Increasing Slope added
339 « 20.3.1 PLL Frequency Synthesizer modified
* Figure 20.2 Voltage Fluctuation Timing added
340 « 20.3.2 Power Control Subsection sequence modified, 2., 3. and 4. information
modified
343 » 20.5.2 Setting the SP modified
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343 «20.5.3 NMI Interrupt 6. information added
344 « 20.5.5 INT Interrupt 3. information added
348 ¢ 20.7.1.3 Timer A (One-shot Timer Mode) 6. information added
350 *20.7.1.4 Timer B (Pulse Width Modulation Mode) 2. information modified
«20.7.2.2 Timer B (Event Counter Mode) 2. information modified
352 < 20.8.1 Rewrite G1IR Register modified
e Figure 20.3 IC/OC Interrupt Flow Chart added
353 « 20.8.2 Rewrite the ICOCIIC Register added
« 20.8.3 Waveform Generating Function added
354 *20.9.1.1 Transmission/reception 2. information modified
355 +20.9.2.1 Special Mode (I2C bus Mode) added
358 « 20.11 Multi-master 12C bus Interface added
359 * 20.12 Programmable 1/0O Ports 2. and 3. information modified
361 * 20.14.1 Functions to Inhibit Rewriting Flash Memory Rewrite modified
« 20.14.2 Stop Mode modified
« 20.14.4 Low Power Disspation Mode, On-chip Oscillator Low Power Dissipation
Mode modified
« 20.14.7 Operating Speed modified
362 ¢ 20.14.13 Regarding Programming/Erasure Times and Execution Time
modified
363 « 20.14.14 Definition of Programming/Erasure Times added
*20.14.15 Flash Memory version Electrical Characteristics 10,000 E/W cycle
products (U7, U9) added
*20.14.16 Boot Mode added
364 * 20.15 Noise added
365 « 20.16 Instruction fo Devise Use added
Appendix 2. Functional Comparison
- New chapter
1.01 | Jul., 05 Flash Memory Version
285 « Table 18.1 Flash Memory Version Specifications Topr value is added for data
retention specification
1.10 | Jan., 06 |All Pages | 85-pin plastic molded TFLGA package and mask ver. are added
Package type number is updated
Words standardized: Low voltage down detection, 12C mode, SDA2, SCL2
Overview
2 e Table 1.1 and 1.2 Performance Outline
Program and erase endurance inflash memory and operating ambient tempera-
ture are modified
6 e Table 1.3 Product List is updated
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7 e Figure 1.3 Produt Numbering System is modified
8 e Table 1.4 Product Code None-lead free packages are deleted
e Table 1.5 Product Code - 85-pin Devise is added with note 1
9 * Figure 1.4 Marking Diagram is modified
10 * Figure 1.5 Pin Assignment of 85-pin Package is added
11 e Table 1.6 to 1.8 Pin Characteristics for 85-, 80-, and 64-pin Packages are
added
19 « Table 1.9 Pin Description Tables are modified
Memory
24 e Figure 3.1 Memory Map Internal RAM and ROM areas are modified
Special Function Register
25 e Table 4.1 SFR Information(1) Note 3 is deleted
27 e Table 4.3 SFR Information(3) LPCCO and LPCCL1 registers are added, value
after reset of ROCR register is modified
Reset
35 * Figure 5.4 Voltage Detection Circuit Block modified
37 * Figure 5.7 Typical Operation of Voltage Down Detection Reset VC26 and
VC27 bit lines are modified
Clock Generation Circuit
45 e Figure 7.1 Clock Generation Circuit Upper portion of figure is modified
45 « Figure 7.4 ROCR Register Value after reset and reserved bit map are modified
a7 * Figure 7.6 PCLKR Register and PM2 Register Note 2 is modified
49 e Figure 7.8 Examples of Main Clock Connection Circuit is modified
50 * Figure 7.9 Examples of Sub Clock Connection Circuit is modified
58 e Figure 7.11 State Transition to Stop Mode and Wait Mode Note 7 is added
between low-speed mode and low power dissipation mode
59 e Figure 7.12 State Transition in Normal Mode Note 5 is simplified
63 e Figure 7.13 Switching Procedure from On-chip Oscillator Clock to Main
Clock is modified
Interrupt
65 * Note is modified
Watchdog Timer
84 « Additional information of the WDTS register is inserted
85 * Figure 10.2 WDC Register and WDTS Register Note 1 of WDTS register is
deleted
- * 10.2 Cold Start/Warm Start Information is all deleted
DMAC
86 * Note is modified
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Timer
124 e Figure 12.28 IDBO Register, IDB1 Register, DTT Register, and ICTB2 Regis-
ter Information of bit 7 and 6 is changed
Timer S
138  Figure 13.5 G1ITMCRO to GITMCRY7 Registers Note 4 is modified
135-142 | < Figure 13.2 to 13.9 Notes and description are modified
144-159 | « Table 13.2, 13.5, 13,8, 13.9 and 13.10 Output wave form and Selectable func-
tion are modified
Serial 1/0
163 * Note is modified
169 * Figure 14.6 UOCO to U2CO0 Registers Note 2 is modified
180 + 14.1.1.7 CTS/RTS separate function (UART0) modified
207  Figure 14.31 Transmit and Received Timing in SIM Mode partially modified
211 e Figure 14.36 S3C and S4C Registers Note 5 is added
* Figure 14.36 S3BRG and S4BRG Registers Note 3 is added
A/D Converter
215 * Note is modified
220 * Figure 15.5 TB2SC Register Reserved bit map is modified
231 e Table 15.8 Simultaneous Sample Sweep Mode Specifications Pin number
in Note 1 is modified
240 » Table 15.12 Delayed Trigger Mode 1 Specifications Note 1 is modified
247 e Figure 15.29 Analog Input Pin and External Sensor Equivalent Circuit Note
1is added
Multi-master 1°C bus INTERFACE
249 « Figure 16.1 Block Diagram of Multi-master 12C bus Interface Bit name and
register name are modified
250 e Figure 16.2 SODO Register Bit symbol is modified
251 * Figure 16.3 SO0 Register Note is modified
255 e Figure 16.7 S4D0 Register Bit reserved map is modified
263 * 16.5.6 Bit 5: Bus Busy Flag (BB) Bit names are modified
269 « 16.7.1 Bit0: Time-Out Detection Function Enable Bit (TOE) is modified
* 19.7.5 Bit7: STOP Condition Detection Interrupt Request Bit (SCPIN) is
modified
Programmable 1/0O Ports
282-285 | « Figure 17.1 I/0 Ports (1) to Figure 17.4 1/0 Ports (4) are modified
Flash Memory Version
294 e Table 18.1 Flash Memory Version Specifications Specifications of program/
erase endurance and protect method are partially modified; note 2 is modified
296 e Figure 18.1 to Figure 18.3 Flash Memory Block Diagrams Information added
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299 e Figure 18.4 Flash Memory Block Digram (ROM capacity 128K byte) is added
301 * Figure 18.5 ROMCP Address is modified
302 * Table 18.3 EW Mode 0 and EW Mode 1 Note 2 mark is modified
305 » 18.5.2 Flash Memory Control Register 1 (FMR1) FMR17 Bit is modified
306 « Figure 18.7 FMR1 Register Reserved bit map is modified, note 1 is modified
307 * Figure 18.8 FMR4 Register Note 2 is modified
308 * Figure 18.10 Setting and Resetting of EW Mode 1 Note 1 deleted, Note 3 is added
320 e Table 18.8 Pin Descriptions (Flash Memory Standard Serial 1/O Mode) P90
to P97 are modified
Electrical Characteristics
326 e Table 19.1 Absolute Maximum Ratings Parameter of Topr is partially modified
327 * Table 19.2 Recommended Operating Conditions ViH and VIL are modified
329 * Table 19.5 Flash Memory Version Electrical Characteristics Note 6 and
Note 8 are partially modified
332 e Table 19.8 Electrical Characteristics(1) Condition of VoL and VT+-VT- are
modified
333 * Table 19.9 Electrical Characteristics(2) Mask memory information is added,
note 5 is deleted
340 * Table 19.24 Electrical Characteristics(1) Condition of VoL, VT+-VT-, and liL
are modified
341 » Table 19.25 Electrical Characteristics(2) Mask memory information is added,
note 5 is deleted
Precautions
348 « 20.1.3 For Flash Memory (128K + 4K) Version and Mask ROM Version is
added
* Figure 20.1 LPCCO Register and LPCC1 Register is added
351 * 20.3.2 Power Control Program example in 4. is modified
369 *20.11.2 AL Flag is modified
372 * 20.14 Mask ROM Version is added
376 «20.16.1 Trace of Print Board (85-pin Version) is added
Appendix 1. Package Dimensions
378 « Dimensions are updated
379 « 85-pin version is added
Appendix 2. Functional Comparison
380 * Appendix 2.1 Difference between M16C/28 Group Normal-ver. and M16C/
28 Group T-ver./V-ver. Information of three-phase motor control timer and
CRC calculation in M16C/28 (normal ver.) changed
381 * Appendix 2.2 Difference between M16C/28 Group and M16C/29 Group

(Normal-ver.) Information of interrupt, three-phase motor control timer, CAN
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module, and CRC calculation in M16C/28 (Normal-ver.) changed
382 * Appendix 2.3 Difference between M16C/28 and M16C/29 Groups (T-ver./V-
ver.) Information of CAN module changed
1.11 | Apr., 06 Overview
2,3 e Table 1.1 and Table 1.2 Performance Outline of M16C/28 Group Information
about option deleted
19to 21 | » Table 1.10 Pin Description Description partially modified
Clock Generation Circuit
43 e Figure 7.1 Clock Generation Circuit Figure partially modified
47 * Figure 7.6 PCLKR Register and PM2 Register NOTE 4. partially modified
54 * 7.6.1 Normal Operation Mode Information partially modified
58 e Figure 7.11 State Transition to Stop Mode and Wait Mode Figure partially
modified
59 e Figure 7.12 State Transition in Normal Mode Figure partially modified
60 * Table 7.5 Allowed Transition and Setting Table partially modified
2.00 | Jan., 07 - M16C/28B added, word standardized: 12C bus mode, CPU clock
Overview
1 ¢ 1.1 Features Description modified
2,3 e Tables 1.1 and 1.2 Performance Outline of M16C/28 Group Note 4 condition
for use of M16C/28B at f(BCLK) = 24 MHz added, performance description modi-
fied and some added
6 e Table 1.3 Product List-M16C/28 Product code partially deleted
e Table 1.4 Product List-M16C/28B Normal-ver. newly added
7 e Figure 1.3 Product Numbering System modified
8 e Tables 1.5to 1.8 Product Code Partially modified
10 * Figure 1.5 Pin Assignment (Top View) of 85-pin Package Note 4 added
11,12 | - Table 1.7 Pin Characteristics for 85-Pin Package Field name partially modi-
fied
20,21 | »Table 1.10 Pin Description Description about I/0O Ports modified
Reset
35 e Figure 5.4 Voltage Detection Circuit Block Partially modified
37 e Figure 5.6 D4INT Register Note 5 (3) and (4) are added
Processor Mode
42 e Figure 6.2 PM2 Register added
43 e Figure 6.3 Bus Block added
Clock Generation Circuit
49 * Figure 7.6 PM2 Register Note 5 Description partially added, notes 4 and 6
modified
51 * Figure 7.8 Examples of Main Clock Connection Circuit Note 2 added
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53 * 7.4 PLL Clock Description regarding use of M16C/28B partially added
* Table 7.2 Example for Setting PLL Clock Frequencies Description regarding
use of M16C/28B partially added
56 » 7.6.1 Normal Operation Mode Description is partially modified
61 * Figure 7.12 State Transition in Normal Mode note mark added
Protection
66 * LPCC1 register added to the registers protected by PRCO bit
* Description of Protection modified
* Figure 8.1 PRCR Register LPCCL1 register added, note 1 modified
Interrupts
84 * Table 9.6 PC Value Saved in Stack Area When an Address Match Interrupt
Request is Accepted modified, note added
Watchdog Timer
86 * Figure 10.1 Watchdog Timer Block Diagram partially modified
87 * Figure 10.2 WDC Register and WDTS Register partially modified
» 10.1 Count Source Protective Mode partially modified
Timer
114 «12.2 Timer B Description regarding A/D trigger mode partially modified
* Figure 12.15 Timer B Block Diagram A/D trigger mode added
120 *12.2.4 A/D Trigger Mode Description partially modified
» Table 12.9 Specification in A/D Trigger Mode Description regarding count
start condition partially modified
121 * Figure 12.24 TB2SC Register in A/D Trigger Mode Note 4 partially modified
123 * Figure 12.25 Three-phase Motor Control Timer Functions Block Diagram
Source clock partially modified
128 * Figure 12.30 TB2SC Register Note 4 modified
131 » Figure 12.33 Triangular Wave Modulation Operation Description modified
132 * Figure 12.34 Sawtooth Wave Modulation Operation Description modified
Timer S
137 * Figure 13.2 G1BT Register Description patially modified
150 » Table 13.15 Base Timer Reset Operation by Base Timer Reset Register
Base timer overflow request added, Note 1 added
155 » Figure 13.21 Prescaler Function and Gate Function Note 1 modified, condi-
tion modified
158 » Figure 13.22 Single-phase Waveform Output Mode Register name partially
modified
161 » Table 13.10 SR Waveform Output Mode Specifications Specification modified
162 * Figure 13.24 Set/Reset Waveform Output Mode Description for (1) Free-run-

ning operation modified, register names modified
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163 e Table 13.11 Pin Setting for Time Measurement and Waveform Generating
Functions Description of port direction modified
Serial 1/0
166 * Figure 14.1 Block Diagram of UARTi Partially modified
175 * Table 14.1 Clock Synchronous Serial I/O Mode Specifications Note 2 modi-
fied
183 * Table 14.5 UART Mode Specifications Note 1 modified
191 « Table 14.10 I12C bus Mode Specifications Note 2 modified
193 « Table 14.11 Registers to Be Used and Settings in 12C bus Mode Note mark
partially deleted
201 * Table 14.15 Special Mode 2 Specifications Note 2 modified
207 e Table 14.18 SIM Mode Specifications Note 1 modified
212 * 14.2 SI/O3 and SI/O4 Note is added
216 « 14.2.3 Functions for Setting an SOUTi Initial Value modified
A/D Converter
217 e Table 15.1 A/D Converter Performance Note 2 partially added
220 » Table 15.2 A/D Conversion Frequency Select note 1 modified
222 e Figure 15.5 TB2SC Register Note 4 partially modified
Multi-Master I2C bus Interface
251 « Figure 16.1 Block Diagram of Multi-master 12C bus Interface S30 register
deleted, input from system clock select circuit modified
253 * Figure 16.3 SO0 Register Register name in Note 1 modified
274 *16.11 STOP Condition Generation Method Description partially added
275 * Table 16.8 Start/Stop Generation Timing Table Number of cycle partially
modified
Programmable I/O Ports
282 ¢ 17.3 Pull-up Control Register 0 to 2 Description modified
284 e Figure 17.1 1/0 Ports (1) A port P81 added
294 « Figure 17.12 Digital Debounce Filter P85, NMI, SD, and INPC17 are deleted
Flash Memory
296 » Table 18.1 Flash Memory Version Specifications Specification modified
297 «18.1.1 Boot Mode Newly added
302 * 18.3.1 ROM Code Potect Function Description is modified
306 * 18.5.1 Flash Memory Control Register 0 (FMRO) Descriptions in FMRO1 Bit
and FMRO02 Bit modified
307 * 18.5.2 Flash Memory Control Register 1 (FMR1) Description in FMR16 Bit
and FMR17 Bit modified
308 e Figure 18.7 FMR1 Register Note 3 modified
310 * Figure 18.10 Setting and Resetting of EW Mode 1 note mark (3) added
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319 e Table 18.7 Errors and FMRO Register Status Register name modified
320 « Table 18.8 Pin Descriptions Description of P93 modified
Electrical Characteristics
329 e Table 19.2 Recommended Operating Conditions Values added, figures
modified and added
330 » Table 19.3 A/D Conversion Characteristics Note 2 modified
331 e Table 19.5 Flash Memory Version Electrical Characteristics Description in
note 10 modified
332 » Table 19.6 Voltage Detection Circuit Electrical Characteristics measure-
ment condition modified
333 e Figure 19.1 Power Supply Timing Diagram Signal lines for td(P-R) and
td(ROC) modified
335 e Table 19.9 Electrical Characteristics (2) condition and value modified
343 » Table 19.25 Electrical Characteristics (2) condition and value modified
Precaution
- * Reset section deleted
350 « 20.1.3 Register Setting Newly added
¢ 20.1.4 For Flash Memory (128K + 4K) Version and Mask ROM Version De-
scription is partially deleted
351 * Figure 20.1 LPCCO Register and LPCC1 Register Note 1 is deleted, function
of LPCCOO bhit is revised
356 « 20.4.3 NMI Interrupts No.1 modified, No.2 partially deleted
358 « 20.4.6 Rewrite the Interrupt Control Register Example 1: description added
364 « 20.6.3 Three-Phase Motor Control Timer Function Section is newly added
365 * 20.7.1 Rewrite the G1IR Register Description modified
366 «20.7.4 Base Timer Interrupt Newly added
369 * 20.9 A/D Converter Description of No.6 modified
374 «20.13.1 Internal ROM Area Description partially added
376 ¢ 20.14.9 Interrupts Description about watchdog timer is deleted
¢ 20.14.10 How to Access Description modified
377 ¢ 20.14.17 Standard Serial I/O Mode Section is newly added
378 ¢ 20.15.1 Trace of Print Board pin name modified
Functional Comparison
382, 383 | » Appendix 2.1 and 2.2 Comparison for flash memory added, difference between

M16C/28 and M16C/29 Group (T-ver./V-ver.) deleted
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