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PREFACE

m Objectives and Intended Reader
Thank you for purchasing Fujitsu semiconductor products.

The MB90560 series was developed as a group of general-purpose models in the F2MC-16 LX
series, which is a family of original 16-bit single-chip microcontrollers that can be used for
application specific ICs (ASICs).

This manual is intended for engineers who design products using the MB90560 series of
microcontrollers. The manual describes the functions and operation of the MB90560 series.

m Trademarks

F2MC is a registered trademark of Fujitsu Limited and stands for FUJITSU Flexible
Microcontroller.



. The contents of this document are subject to change without notice. Customers are advised to consult

with FUJITSU sales representatives before ordering.

. The information and circuit diagrams in this document are presented as examples of semiconductor

device applications, and are not intended to be incorporated in devices for actual use. Also, FUJITSU
is unable to assume responsibility for infringement of any patent rights or other rights of third parties
arising from the use of this information or circuit diagrams.

. The contents of this document may not be reproduced or copied without the permission of FUJITSU

LIMITED.

. FUJITSU semiconductor devices are intended for use in standard applications (computers, office

automation and other office equipment, industrial, communications, and measurement equipment,
personal or household devices, etc.).

CAUTION:

Customers considering the use of our products in special applications where failure or abnormal
operation may directly affect human lives or cause physical injury or property damage, or where
extremely high levels of reliability are demanded (such as aerospace systems, atomic energy controls,
sea floor repeaters, vehicle operating controls, medical devices for life support, etc.) are requested to
consult with FUJITSU sales representatives before such use. The company will not be responsible for
damages arising from such use without prior approval.

. Any semiconductor devices have an inherent chance of failure.You must protect against injury, damage

or loss from such failures by incorporating safety design measures into your facility and equipment such
as redundancy, fire protection, and prevention of over-current levels and other abnormal operating
conditions.

. If any products described in this document represent goods or technologies subject to certain

restrictions on export under the Foreign Exchange and Foreign Trade Law of Japan, the prior
authorization by Japanese government will be required for export of those products from Japan.
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1.1 Features

The MB90560 series of general-purpose 16-bit microcontrollers was developed for
applications that require high-speed real-time processing in a variety of industrial
systems, OA equipment, and process control systems. A specific feature of the series
is a built-in multifunctional timer that can easily output desired waveforms.

The instruction set inherits the AT architecture of the original Fujitsu FMC-8L and
FMC-16L, and has additional instructions supporting high-level languages. In addition,
it has an extended addressing mode, enhanced multiply/divide instructions (signed),
and reinforced bit manipulation instructions. The chip also has a 32-bit accumulator
that enables long-word data to be processed.

m Features of the MB90560 Series

Clock
e Built-in PLL clock multiplying circuit

» Selectable operating clock (PLL clock): The source oscillation can be divided by two or
multiplied by 1 to 4 (4 to 16 MHz when the source oscillation is 4 MHz).

e Minimum instruction execution time: 62.5 ns (when the source oscillation is 4 MHz, PLL
clock is multiplied by 4, and Vcc is 5 V)

Maximum memory address space: 16M bytes

Internal 24-bit addressing

Optimum instruction set for controller applications

» Many data types (bit, byte, word, and long word)

» As many as 23 addressing modes

» High code efficiency

« Enhanced high-precision arithmetic operation by a 32-bit accumulator

» Enhanced signed multiply/divide instructions and RETI instruction function
Instruction set supporting high-level language (C) and multitasking

e System stack pointer

» Instruction set symmetry and barrel shift instructions

Sleep mode (The operating clock of the CPU stops.)

Program patch function (Two-address pointer)

Increased execution speed

4-byte instruction queue

Enhanced interrupt function (Eight programmable priority levels)

Powerful interrupt function of 32 factors

Data transfer function (Extended intelligent I/O service function using up to 16 channels)

Lower-power consumption (standby mode)
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» Sleep mode (in which the CPU operating clock stops)

» Time-base timer mode (in which only the source oscillation and time-base timer are
active)

» Stop mode (in which the source oscillation stops)

» CPU intermittent operation mode

Packages

* QFP-64 (FPT-64P-M09: 0.65 mm pin pitch, FPT-64P-M06: 1.00 mm pin pitch)
« SH-DIP (DIP-64-MO01: 1.778 pin pitch)

Process : CMOS technology

m Internal peripheral functions (resources)

MB90560 series

I/O ports: Up to 50 posts

18-bit time-base timer: 1 channel
Watchdog timer: 1 channel

16-bit reload timer: 2 channels
Advanced timer: 1 channel

» 16-bit free running timer: 1 channel
» 16-bit output compare: 6 channels

When the count of the 16-bit free running timer matches the count set for comparison, the
output compare unit inverts the output and generates an interrupt request.

* 16-bit input capture: 4 channels

When the edge of the pin input is detected, the input capture unit latches the count of the
16-bit free running timer and generates an interrupt request.

* 8-/16-bit PPG timer: 8 bits x 6 channels or 16 bits x 3 channels

Capable of changing the period or duty cycle of the output pulses as desired.
» Waveform generation circuit (8-bit timer: 3 channels)

Capable of generating optimum waveforms for inverter control.
UART: 2 channels
» With full duplex double buffer (8-bit length)
» Capable of asynchronous or synchronous transfer (1/0O extended serial)
DTP/external interrupt (8 channels)

Module for activating the extended intelligent I/O service by external input and for generating
an external interrupt

Delayed interrupt generator module

Generates an interrupt request for task switching.
8/10-bit A/D converter (8 channels)

» Selectable resolution of 8 or 10 bits

» Capable of activation by external trigger
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1.2 Product Lineup

Table 1.2-1 shows the product lineup of the MB90560 series. The specifications
excluding the ROM and RAM capacities are common for the series.

m Product Lineup

Table 1.2-1 Product lineup of the MB90560 series

4

Minimum instruction execution time:

by 4)

Number of addressing modes 123

Program patch function
Maximum memory address space

Device MB90V560 MB90F562 MB90561 MB90562
Type Evaluation device Flash Type ROM Mass-production product (mask ROM)
ROM size — 64K Byte 32K Byte
RAM size 4K Byte 2K Byte 1K Byte
CPU function Number of basic instructions 1 351

62.5 ns/4 MHz (when PLL clock is multiplied

: 2-address pointer
: 16M bytes

Port I/O ports (CMS): 50

UART With a full duplex double buffer. Capable of synchronous or asynchronous clock
transfer. Usable also for serial I/O. Dedicated built-in baud rate generator. Two
channels built-in

16-bit reload 16-bit reload timer operation (toggle output or one-shot selectable) Choice of the

timer event count function. Two channels built-in.

Advanced timer

16-bit free running timer x 1 channel, 16-bit output compare x 6 channels, 16-bit

input capture x 4 channels

8-/16-bit PPG timer (8-bit mode x 6 channels, 16-bit mode x 3 channels)

Waveform generation circuit: 8-bit timer x 3 channels

Three-phase waveform output, dead time output

10-bit A/D con-
verter

10-bit resolution x 8 channels (input multiplex)

Conversion time:6.13p or less (operation at internal 16 MHz clock)

External inter-
rupt

Independent 8 channels

Interrupt cause: L-to-H edge, H-to-L edge, L-level, or H-level selectable

Low-power con-
sumption mode

Sleep mode, stop mode, and CPU intermittent mode

age

Process CMOS
Package PGA256 QFP-64 (0.65 or 1.00 mm pitch), SHDIP-64
Operating volt- 5V+10% @16MHz
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1.3 Block Diagram

Figure 1.3-1 shows the block diagram of the MB90560 series.

Block Diagram
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Figure 1.3-2 Block diagram
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1.4 Pin Assignments

This section provides the pin assignments for the following three MB90560 series
packages:

FPT-64P-M06
FPT-64P-M09
DIP-64P-M01

m  Pin Assignment of FPT-64P-M06

6

Figure 1.4-1 shows the pin assignment of the FPT-64P-MO06.
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Figure 1.4-1 Pin assignment of FPT-64P-M09
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m Pin Assignment of FPT-64P-M09
Figure 1.4-2 shows the pin assignment of the FPT-64P-M09.

MB90560 series
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Figure 1.4-2 Pin assignment of FPT-64P-M09
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m Pin Assignment of DIP-64P-M01

8

Figure 1.4-3 shows the pin assignment of the DIP-64P-MO01.

C
P36/SINO
P37/SOTO
P40/SCKO
P41/PPGO
P42/PPG1
P43/PPG2
P44/PPG3
P45/PPG4
P46/PPG5
P50/ANO
P51/AN1
P52/AN2
P53/AN3
P54/AN4
P55/ANS5
P56/AN6
P57/AN7
AVcc
AVR
AVss
P60/SIN1
P61/SOT1
P62/SCK1
P63/INT7/DTTI
MDO
RSTX
MD1
MD2
X0
X1
Vss

T
2]
J—
Y-
s
s
d—
-
-

-

1]

12

-

-

15[

16

]

18 [

1 [

20—

21

2]

2]

24

25

26

21

28]

2

30—

3]

2]

o —

< TOP VIEW >

[ le4
163
[ le2
[ e1
)
[ 1s9
[ ss
157
E
[ Iss
E
153
[ s2
51
EN
[ a9
[ 48
[ a7
[ 146
[ 45
[ asa
[ 143
[ a2
a1
oo
IEN
[ s
a7
S
[ ss
-
[ a3

Vcc
P35/RTO5
P34/RTO4
P33/RTO3
P32/RTO2
P31/RTO1
P30/RTOO
Vss
P27/IN3
P26/IN2
P25/IN1
P24/INO
P23/TO1
P22/TIN1
P21/TOO0
P20/TINO
P17/FRCK
P16/INT6
P15/INT5
P14/INT4
P13/INT3
P12/INT2
P11/INT1
P10/INTO
P07

P06

P05

P04

P03

P02

P01

P00

Figure 1.4-3 Pin assignment of DIP-64P-M01
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1.5 Package Dimensions

This section provides the dimensions of the following three MB90560 series packages:
* FPT-64P-M06
* FPT-64P-M09
* DIP-64P-M01

m FPT-64P-M06
Figure 1.5-1 shows the dimensions of the FPT-64P-M06 package.
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(Mounting height)
@\ 20.00+0.20(.787+.008) @ 0.05(.002)MIN
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o - n e
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NN 1 L e e
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i Ty | R (]
| - I \
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0~10°

|| 0.18¢007)MAX

18.00(.709)REF 1.20+0.20
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© 1994 FUJITSU LIMITED F640135-3C-2

Figure 1.5-1 Dimensions of FPT-64P-M06 package
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m FPT-64P-M09
Figure 1.5-1 shows the dimensions of the FPT-64P-M09 package.

14.00£0.20(.551+.008)SQ
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Figure 1.5-2 Dimensions of FPT-64P-M09 package
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DIP-64P-M01

Figure 1.5-3 shows the dimensions of the DIP-64P-M01 package.

58.00 ‘o5
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© 1994 FUJITSU LIMITED D64001S-3C-4
Figure 1.5-3 Dimensions of DIP-64P-M01 package
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1.6 Pin Functions

Tables 1.6-1 to 1.6-3 summarize the pin names, circuit types, states at reset time, and

functions.

m Pin Functions

Table 1.6-1 Pin functions

Pin No. . Circuit Pin Status .
Pin name type during reset Function
QFPM09* QFPMO06* SDIP*®
22,23 23,24 30,31 X0-X1 Oscillating Oscillation input pins
19 20 27 RSTX B Reset input External reset input pin
25~32 26~33 33~40 P0O0~PO7 General-purpose /O ports
P10~P16 General-purpose /O ports
Can be used as interrupt request
33~39 39~40 41~47 INTO~6 C input channels 0 to 6. Input is
enabled when 1 is setin ENO to
ENG6 in standby mode.
P17 General-purpose /O ports
40 41 48 C : -
FRCK Exte_rnal _clock input pin for free
running timer
P20 Port input General-purpose /O ports
41 42 49 D External clock input pin for reload
TINO .
timer O
P21 General-purpose /O ports
42 43 50 D , ;
TOO Event output pin for reload timer 0
p22 General-purpose /O ports
43 44 o1 D External clock input pin for reload
TIN1 .
timer 1
P23 General-purpose /O ports
44 45 52 D : :
TO1 Event output pin for reload timer 1
pP24~27 General-purpose I/O ports
Trigger input pins for input
capture channels 0 to 3. When
45~48 46~49 53~56 D input capture channels 0 to 3 are
INO~3 . :
used for input operation, these
pins are enabled as required and
must not be used for any other I/P

* FPT-64P-M09
* FPT-64P-M06
*: DIP-64P-M01
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Table 1.6-2 Pin functions (Continued)

Pin No. R .
! . Circuit Pin Status .
Pin name duri t Function
QFPMO9* | QFPM06* | SDIP* fype | during rese
50~55 51~56 58~63 P30~P35 | D Port input General-purpose I/O ports
RT00~5 Compare event output pints or waveform
generator output pins. These pins output
the waveforms specified at the waveform
generator. They output compare events
when waveforms are not generated. Out-
put is generated when compare event out-
put is enabled.
58 59 2 P36 D Port input General-purpose I/O ports
SINO Serial data input pin for UART channel 0.
While UART channel 0 is operating for
input, the input of this pin is used as
required and must not be used for any
other input.
59 60 3 P37 D General-purpose I/O ports
SOTO Serial data output pin for UART channel 0.
This function is enabled when UART
channel 0 enables data output.
60 61 4 40 D General-purpose I/O ports
SCKO Serial clock I/O pin for UART channel 0.
This function is enabled when UART
channel 0 enables clock output.
61~64, 62~64, 5~10 P41~P46 F General-purpose I/O ports
1,2 1~-3
PPGO0O~5 Output pins for PPG channels 0to 5. This
function is enabled when PPG channels 0
to 5 enable output.
3~10 4~11 11~18 P50~P57 E Analog input | General-purpose I/O ports
ANO~7 A/D converter analog input pins. This
function is enabled when the analog input
specification is enabled. (ADER)
11 12 19 AVCC G Power input | Vss power input pin for analog circuits

*: FPT-64P-M09
*2; FPT-64P-M06
*: DIP-64P-M01

MB90560 series
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Table 1.6-3 Pin functions (Continued)

Pin No. L .
. Circuit Pin Status .
Pin name duri Function
QFPMO09* | QFPMO6* | SDIP* type uring reset
12 13 20 AVR H Vref+ input pin for the A/D converter.
This voltage must not exceed Vcc. Vref-
is fixed to AVSS.
13 14 21 AVSS G Power input Vss power input pin for analog circuits
14 15 22 P60 Power input General-purpose 1/O ports
SIN1 Serial data input pin for UART channel 1.
While UART channel 1 is operating for
input, the input of this pin is used as
required and must not be used for any
other input.
15 16 23 P61 D General-purpose 1/O ports
S0T1 Serial data output pin for UART channel
0. This function is enabled when UART
channel 1 enables data output.
16 17 24 P62 D Port input General-purpose 1/O port
SCK1 Serial clock 1/0 pin for UART channel 1.
This function is enabled when UART
channel 1 enables clock output.
17 18 25 P63 D General-purpose 1/O port
DTT1 RTOnN pins for fixed-level input. This
function is enabled when the waveform
generator enables input.
INT7 Usable as interrupt request input channel
7. Inputis enabled when 1 is set in EN7
in standby mode.
57 58 1 C G Capacitance Capacitance pin for power stabilization.
pin power Connect a ceramic capacitor of about 0.1
input MF to the outside.
18 19 26 MDO B Input pin for operation mode specifica-
tion. Connect this pin directly to Vcc or
Vss.
20,21 21,22 28,29 MD1,MD2 | B Input pin for operation mode specifica-
tion. Connect this pin directly to Vcc or
Vss.
24,49 25,50 32,57 VSS - Power (5 V) input pin
56 57 64 VCC - Power (5 V) input pin

* FPT-64P-M09
*: FPT-64P-M06
*: DIP-64P-M01

16 CHAPTER 1 OVERVIEW
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1.7 1/O Circuit Types

Table 1.7-1 summarizes the 1/O circuit types of the MB90560 series.

m |/O Circuit Types

Table 1.7-1 1/O circuit types

Classification Circuit type Remarks
» Oscillation circuit
Oscillation feedback resistance:
X1 » o
D —| {>O Xout About 1 MQ
A v [}
I
—o
<} Standby control signal
 Hysteresis input pin
Resistance: About 50KQ(TYP)
B
» CMOS hysteresis input pin with pull-up
control
R Pull-up control signal CMOS level OUt_pu_t .
CMOS hysteresis input (with standby control
bout for input rejection)
o Pull-up resistance: About 50KQ(TYP)
C
Nout loL=4mA
R
E. }. — Hysteresis input
|_ Standby control
¢ CMOS hysteresis I/O pin
CMOS level output
|7 Pout CMOS hysteresis input (with standby control
for input rejection)
D li Nout
loL=4mA
R
E. }. — Hysteresis input
|_ Standby control

18 CHAPTER 1 OVERVIEW
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Table 1.7-2 1/O circuit types (Continued)

Classification Circuit type Remarks
* Analog/CMOS hysteresis 1/O pin
CMOS level output
CMOS hysteresis input (with standby control
Pout for input rejection)
Analog input (Analog input is enabled when
the bit corresponding to ADER is “1".)
li Nout
E
lo,=4mA
_/\N\I__ }. — Hysteresis input
|_ Standby control
Analog input
¢ CMOS hysteresis 1/O pin
CMOS level output
CMOS hysteresis input (with standby control
Pout for input rejection)
loL=12mA
F F——— Nout o
E. }. — Hysteresis input
|_ Standby control
« Analog power input protection circuit
G /I‘}%
* A/D converter ref+ (AVR) power input pin
with power protection circuit
_,_— Analog input enable signal
; mpll
—I_— Analog input enable signal
MB90560 series CHAPTER 1 OVERVIEW 19




1.8 Notes on Handling Devices

When handling devices, pay special attention to the following eight items or
procedures:

Restriction of maximum rated voltage (latchup prevention)

Stabilization of supply voltage

Power-on

Treatment of unused input pins

Treatment of A/D converter power pin

Notes on external clock

Power supply pin

Analog power-on sequence of A/D converter

m Notes on Handling Devices

20

Be sure that the maximum rated voltage is not exceeded (latchup prevention).

A latchup may occur on a CMOS IC if a voltage higher than Vcc or lower than Vss is applied
to an input or output pin other than medium-to-high voltage pins. A latchup may also occur if
a voltage higher than the rating is applied between Vcc and Vss. A latchup causes a rapid
increase in the power supply current, which can result in thermal damage to an element.
Take utmost care that the maximum rated voltage is not exceeded.

When turning the power on or off to analog circuits, be sure that the analog supply voltages
(AVcc, AVR) and analog input voltage do not exceed the digital supply voltage (Vcc).

Try to keep supply voltages stable.

Even within the operation guarantee range of the Vcc supply voltage, a malfunction can be
caused if the supply voltage undergoes a rapid change. For voltage stabilization guidelines,
the Vcc ripple fluctuations (P-P value) at commercial frequencies (50 to 60 Hz) should be
suppressed to "10%" or less of the reference Vcc value. During a momentary change such
as when switching a supply voltage, voltage fluctuations should also be suppressed so that
the "transient fluctuation rate" is 0.1 V/ms or less.

Notes on power-on

To prevent a malfunction in the built-in voltage regulator circuit, secure "50uS (between 0.2 V
and 2.7 V)" or more for the voltage rise time during power-on.

Treatment of unused input pins

An unused pin may cause a malfunction if it is left open. Every unused pin should be pulled
up or down.

Treatment of A/D converter power pin

When the A/D converter is not used, connect the pins as follows: AVcc =Vcc, AVss = AVR =
Vss.

CHAPTER 1 OVERVIEW MB90560 series



Notes on external clock

When an external clock is used, the oscillation stabilization wait time is required at power-on
reset or at cancellation of stop mode. As shown in Figure 1.8-1, when an external clock is
used, connect only the X0 pin and leave the X1 pin open.

Do

OPEN — X1

MB90560 Series

Figure 1.8-1 Sample connection of external clock

e Power supply pins

MB90560 series

When a device has two or more Vcc or Vss pins, the pins that should have equal potential
are connected within the device in order to prevent a latchup or other malfunction. To reduce
extraneous emission, to prevent a malfunction of the strobe signal due to an increase in the
group level, and to maintain the local output current rating, connect all these power supply
pins to an external power supply and ground them.

The current source should be connected to the Vcc and Vss pins of the device with minimum
impedance. It is recommended that a bypass capacitor of about 0.1uF be connected near
the terminals between Vcc and Vss.

Analog power-on sequence of A/D converter

The power to the A/D converter (AVcc, AVRH, AVRL) and analog inputs (ANO to AN7) must
be turned on after the power to the digital circuits (Vcc) is turned on. When turning off the
power, turn off the power to the digital circuits (Vcc) after turning off the power to the A/D
converter and analog inputs. When the power is turned on or off, AVR should not exceed
AVcc. Also, when a pin that is used for analog input is also used as an input port, the input
voltage should not exceed AVcc. (The power to the analog circuits and the power to the
digital circuits can be simultaneously turned on or off.)
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CHAPTER 2 CPU

This chapter describes memory space for the MB90560 series.
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21 CPU

The F2MC-16LX CPU core is a 16-bit CPU designed for use in applications, such as
consumer and mobile equipment, which require high-speed real-time processing. The
instruction set of the FAMC-16LX was designed for controllers so that it can perform
various types of control at high speeds and efficiencies.

The F2MC-16LX CPU core process not only 16-bit data but also 32-bit data using a built-
in 32-bit accumulator. Memory space, which can be extended up to 16M bytes, can be
accessed in either linear or bank access mode. The instruction set inherits the AT
architecture of F2MC-8L, and has additional instructions supporting high-level
languages. In addition, it has an extended addressing mode, enhanced multiply/divide
instructions, and reinforced bit manipulation instructions.

m CPU

e Minimum instruction execution time: 62.5 ns (source oscillation at 4 MHz and PLL clock
multiplication by 4)

e Maximum memory address space: 16M bytes. Access in linear or bank mode
e Instruction set optimum for controller applications
Many data types (bit, byte, word, and long word)
As many as 23 addressing modes
Enhanced high-precision arithmetic operation by a 32-bit accumulator
Enhanced signed multiply/divide instructions and RETI instruction function
e Enhanced interrupt function
Eight programmable priority levels
e Automatic transfer function independent of CPU
Extended intelligent I/O service using up to 16 channels
e Instruction set supporting high-level language (C language) and multitasking
System stack pointer, instruction set symmetry, and barrel shift instructions

e Increased execution speed: 4-byte instruction queue

<Check>

The MB90560 series runs only in single-chip mode so only internal ROM and RAM and
internal peripheral address space can be accessed.
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2.2 Memory Space

All 1/O, programs, and data are located in the 16-megabyte memory space of the
F’MC-16LX. A part of the memory space is used for special purposes, such as
extended intelligent 1/0O service (EI?OS) descriptors, general-purpose registers, and

vector tables.

m Memory space

All I/0, programs, and data are located in the 16-megabyte memory space of the F"MC-16LX
CPU. The CPU is able to access each resource through an address indicated by the 24-bit

address bus.

Figure 2.2-1 shows a sample relationship between the F"MC-16LX system and the memory map.

F*MC-16L device

FFFFFFu
: Vector table area
: FFFCOOn  F-oveveemmeniinns ROM area
Programs | Program area
; FFOO00u™*!
" 1000004
2 External area (*4)
FPMC-16L | | 010000x ROM area (FF
CPU c . bank image)
g gg;ggg“ External aréa (-
< H
000D00K*}
Data area
0003801 Ge eral-purpose registe
000180 |5 e RAM area
scriptor area:
000100
" External area (*4
: 0000C0x | ool eciat
Peripheral : 000080 ngerrupt con I’C_) registey grea
ircuits . 000020" Penpheral function contrpl /0
" reglster area area
000000w port control register area

*1 The size of internal ROM differs for each model.

*2 The area accessible by the image differs for each model. control register area
*3 The size of internal RAM differs for each model.

*4 There is no access in single-chip mode.

Figure 2.2-1 Sample relationship between the F"MC-16L X system and the memory map
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m ROM area

m RAM area

I/O area

Vector table area (address: FFFCOOH to FFFFFFH)

e This area is used as a vector table for vector call instructions, interrupt vectors, and reset
vectors.

e This area is allocated at the highest addresses of the ROM area. The starting address of the
corresponding processing routine is stored as data in each vector table address.

Program area (address: Up to FFFBFF H)
¢« ROM is built in as an internal program area.

* The size of internal ROM differs for each device.

Data area (address: From 000100 H)
¢ The static RAM is built in as an internal data area.

* The size of internal RAM differs for each device.

General-purpose register area (address: 000180 H to 00037FH)

e Auxiliary registers used for 8-bit, 16-bit, and 32-bit arithmetic operations and transfer
operation are allocated in this area.

¢ Since this area is allocated to a part of the RAM area, it can be used as ordinary RAM.

« When this area is used as a general-purpose register, general-purpose register addressing
enables high-speed access with short instructions.

Extended intelligent I/O service (EI20S) descriptor area (address: 000100 H to 00017FH)
* This area retains the transfer modes, 1/0O addresses, transfer count, and buffer addresses.

¢ Since this area is allocated to a part of the RAM area, it can be used as ordinary RAM.

Interrupt control register area (address: 0000BO  H to 0000BF H)

The interrupt control registers (ICR0O0 to ICR15) correspond to all peripheral functions that have
an interrupt function. These registers set interrupt levels and control the extended intelligent 1/0O
service (EI2OS).

Peripheral function control register area (address: 000020+ to 0000AFH)

This register controls the built-in peripheral functions and inputs and outputs data.

I/O port control register area (address: 000000+ to 00001FH)

This register controls 1/0O ports, and inputs and outputs data.
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2.3 Memory Maps

This section shows the memory map for each MB90560 series device.

m Memory maps

Figure 2.3-1 shows the memory maps for the MB90560 series.

FFFFFF H

Address #1

FFOOOOH

010000H

Address #2

004000H

Address #3

000100H
0000COH

000000 H

Single chip mode

(with mirror ROM function)

ROM area

ROM area
(FF bank image)

RAM Register
area

Peripheral area

[——J: Internal access memory
==<: Access not allowed

Model Address #1 Address #2 Address #3
MB90561 FF8000H 008000H 000500H
MB90562 FFOO0OH 004000H 000900H
MB90F562 FFOOO0OH 004000H 000900H
MB90V560 FFOOOOH *1 004000H *1 001100H

*1: The MB90V560 does not contain ROM. Assume these areas such that

the development tool uses there for its ROM decode areas.

Selection Module.

Figure 2.3-1 Memory maps
Notes: If single chip mode (without mirror ROM function) is selected, see "Mirror ROM Function

: ROM data in the FF bank can be seen as an image in the higher 00 bank to validate the

small model C compiler. Because addresses of the 16 low-order bits in the FF bank are
the same, the table in ROM can be referenced without the "far" specification. For
example, when 00COO0OH is accessed, the contents of ROM at FFCOOOH are actually
accessed. The ROM area in the FF bank exceeds 48 kilobytes, and all areas cannot be
seen as images in the 00 bank. Because ROM data from FF4000H to FFFFFFH is seen
as an image at 004000H to OOFFFFH, the ROM data table should be stored in the area
from FF4000H to FFFFFFH.
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2.4 Addressing

The methods for generating addresses are linear addressing and bank addressing.

In linear addressing, the complete 24-bit address is specified directly by an instruction.
In bank addressing, the upper 8 bits of the address are specified by a appropriate bank
register, and the lower 16 bits of the address are specified by the instruction.
The F’MC-16LX series generally uses bank addressing.

m Linear addressing and bank addressing

In linear addressing, the 16-megabyte space is accessed as consecutive address spaces. In

bank addressing, the 16-megabyte space is managed by dividing into 256 64-kilobyte banks.

Figure 2.4-1 is an overview of linear addressing and bank addressing memory management.

Linear addressing
FFFFFFx

—> 123456n

000000u
123456u
==

Specified entirely by an instruction

Bank addressing

FFFFFFu
FF0000u
FEFFFFu
FE0000x
FDFFFFu

FD00004

123456u

04FFFFu
0400004
03FFFFx

030000n
02FFFFu

0200004
O1FFFFu

010000k
00FFFFu

000000n

FF bank

FE bank

FD bank

12 bank

04 bank

03 bank

02 bank

01 bank

00 bank

123456u
==

Specified by an instruction
Specified by a bank register for the required purpose

)64 kilobytes

Figure 2.4-1 Linear addressing and bank addressing memory management

MB90560 series
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2.4 Addressing

2.4.1 Linear addressing

The two types of address in linear addressing are specified by a 24-bit address directly
in the operand and specified by the lower 24 bits of a 32-bit general-purpose register.

m Linear addressing specified by 24-bit operand

JMPP  123456H

Old program counter 17! 452D 17452Dw
+ program bank JMPP  123456n

1 1
New program counter [57 gaze 123456n !
+ program bank Next instruction

Figure 2.4-2 Example of direct specified 24-bit physical address in linear addressing

m Addressing by indirect specification with a 32-bit register

MOV A, @RL1+7
old AL |—— 0907004 3An

+7
New AL 003A T_ RLI 240906F9H

(Upper 8 bits are ignored)

RL1: 32-bit (long-word) general-purpose register

Figure 2.4-3 Example of indirect specified address with a 32-bit general-purpose register
in linear addressing
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2.4 Addressing

2.4.2 Bank addressing

In bank addressing, the 16-megabyte memory space is divided into 256 64-kilobyte
banks. A bank address that corresponds to each space is specified in the bank register
to determine the upper 8 bits of the address. The lower 16 bits of the address are
specified by the instruction.

The five types of bank register classified by function are as follows:

* Program bank register (PCB)

« Data bank register (DTB)

» User stack bank register (USB)

» System stack bank register (SSB)
« Additional bank register (ADB)

m Bank registers and access space
Table 2.4-1 lists the access space and main function of each bank register.

Table 2.4-1 Access space and main function of each bank register

Bank register Access . . Initial value
Main function
name space after a reset
Program bank Program |Instruction codes, vector tables, and immediate-value data FEu

register (PCB) (PC) space |are stored.
Data bank regis- | Data (DT) |Read/write data is stored. Internal or external peripheral

ter (DTB) space control registers and data registers are accessed. 00
User stack bank This area is used for stack accesses such as when PUSH/ 00
register (USB) POP instructions and interrupt registers are saved. The

System stack Stack (SP) | 5B is used when the stack flag in the condition code reg-

bank register space ister (CCR:S) is 1. The USB is used when the stack flag in 00H
(SSB) (*1) the condition code register (CCR:S) is 0. (*1)

Additional bank Additional | Data that overflows from the data (DT) space is stored. 00

register (ADB) (AD) space

*1 The SSB is always used as an interrupt stack.
Figure 2.4-4 shows the relationship between the memory space divisions and each register.

See Section 2.7.9, "Bank registers (PCB, DTB, USB, SSB, ADB)," for detalils.
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------- FFFFFFu

Program
FFO000u |- -SPACE---- ‘ : Program bank register (PCB)
OFFEFFx I ditional
space B .
0 A D : Additional bank register (ADB)
3
g PR Userstack
= 000000k | FP2CE ‘ _
3 T m . User stack bank register (USB)
%)
>
e
o OBFFFFy f-----n-e-nnn-
Data space
OBO000N prezemmmes m . Data bank register (DTB)
O7FFFFH 5 i Stack
space ]
070000x [P5——-. D . System stack bank register (SSB)
"""" 000000u

Figure 2.4-4 Sample bank addressing

m Bank addressing and default space

To improve instruction coding efficiency, each instruction has a pre-determined default space for
each addressing mode, as shown in Table 2.4-2. To use a space other than the default space,
specify a prefix code for a bank before the instruction. This enables the bank space that
corresponds to the specified prefix code to be accessed.See Section 2.9, "Prefix Codes," for
details about prefix codes.

Table 2.4-2 Addressing and default spaces

Default space Addressing

Program space |PC indirect, program access, branching

Addressing using @RW0, @RW1, @RW4, and @RWS5, @A,
addr16, dir

Stack space Addressing using PUSHW, POPW, @RW3, and @RW7
Additional space|Addressing using @RW2 and @RW6

Data space
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2.5 Memory Location of Multibyte Data

Multibyte data is written to memory sequentially from the lower address. If multibyte
data is 32-bit data, the lower 16 bits are transferred before the upper 16 bits.
If a reset signal is input immediately after the low-order data is written, the high-order

bits may not be written.

m Storage of multibyte datain RAM

Figure 2.5-1 shows the data configuration of multibyte data in memory. The lower 8 bits of the
data is located at address n, and subsequent data is located at address n + 1, address n + 2,
address n + 3, and so on, in this sequence.

Address n

{

L

MSB LSB
[010101018]110011008 [11111111s [ 000101008 |
4

A A A

MSB: Most Significant Bit
LSB: Least Significant Bit

Figure 2.5-1 Storage of multibyte data in RAM

m Storage of multibyte operand

Figure 2.5-2 shows the configuration of a multibyte operand in memory.

JMPP 1 H

JMPP 123456H
'
e
B
Address n f------- R
_______ 63 ...
L

]

A Ar A A

Figure 2.5-2 Storage of a multibyte operand
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m Storage of multibyte datain a stack
Figure 2.5-3 shows the configuration of multibyte data in a stack.

| PusHw RW1RWS |
*T‘ PUSHW RW{, RW3
________________ (35A4+) (6DFOH)
sp>| A4 T
_______ ol |
_______ Fom .|
. “
A4 <«
Address n i B
L
RW1: 35A4H
RwW3: 6DFOH
*1 Stack status after execution of the PUSHW instruction

Figure 2.5-3 Storage of multibyte data in a stack

m Multibyte data access

Accessing is generally performed within a bank. For an instruction that accesses multibyte data,
the address following FFFFH is 0000H in the same bank.

Figure 2.5-4 shows an example of executing an instruction that accesses multibyte data on a
bank boundary.

¥
______________ AL before execution
8OFFFFy | o
MOVW A, 080FFFF+
800000k | 234 AL after executlon
| L !
L

Figure 2.5-4 Multibyte data access on a bank boundary
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2.6 Registers

F’MC-16LX registers are classified into internal dedicated registers and built-in RAM
general-purpose registers.

m Dedicated registers and general-purpose registers

Dedicated registers are dedicated hardware inside the CPU and their usage are limited by CPU
architecture.

General-purpose registers are shared the CPU address space with RAM. Just like dedicated
registers, general-purpose registers can be accessed without addressing. Just like ordinary
memory, the user can specify how the register is used.

Figure 2.6-1 shows the location of the dedicated registers and general-purpose registers in the
device.

CPU RAM
Dedicated register RAM

Accumulator General-purposk
register

User stack pointer

4

System stack pointer

Processor status

Program counter

Direct page register

Internal bus

Program bank register

Data bank register
User stack bank register

System stack bank register

Additional data bank register

Figure 2.6-1 Dedicated registers and general-purpose registers
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2.7 Dedicated Registers

The following 11 registers are dedicated registers in the CPU.
e Accumulator (A)
» System stack pointer (SSP)
* Program counter (PC)
* Program bank register (PCB)
» User stack bank register (USB)
« Additional data bank register (ADB)
» User stack pointer (USP)
* Processor status (PS)
» Direct page register (DPR)
» Data bank register (DPP)
» System stack bank register (SSB)

m Configuration of dedicated registers

Figure 2.7-1 shows the configuration of dedicated registers; Table 2.7-1 lists the initial values of
the dedicated registers.

A Accumulator (A)
Two 16-bit registers used for the storage of arithmetic operation results. The two registers can
be combined as a contiguous 32-bit register.
User stack ointer (USP)
16-bit register that indicates the user stack address

[ aH

[

el u
g 18 lg B [8 P 3
‘| @ o ) ) @

“AC0
E
—

P

System stack pointer (SSP)
16-hit register that indicates the system stack address

Processor status (PS)

16-bit register that indicates the system status

Program counter (PC)

16-bit register that indicates the current instruction storage location

Direct page register (DPR)

8-bit register that specifies bits 8 to 15 of the operand address in short direct addressing

Program bank register (PCB)
8-bit register that indicates the program space

Te] Data bank register (DTB)
8-bit register that indicates the data space

User stack bank register (USB)

8-bit register that indicates the user stack space
System stack bank register (SSB)

8-bit register that indicates the system stack space

Additional data bank register (ADB)
8-bit register that indicates the additional space

w

=
o
=)
=
n

32 bits i

f
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Figure 2.7-1 Configuration of dedicated registers
Table 2.7-1 Initial values of the dedicated registers

Dedicated register Initial value
Accumulator (A) Undefined
User stack pointer (USP) Undefined
System stack pointer (SSP) Undefined
Processor status (PS)
bit15 to bitl3 bitl2 to bit8 bit7 to bit0
ps | M | AP [ CCR ]
o ¢ 0 0 0 0 0 0O - 0 1 x x x X X

Program counter (PC)

Value in reset vector (contents of FFFFDCH, FFFFDDH)

Direct page register (DPR) 01H
Program bank register (PCB) Value in reset vector (contents of FFFFDEH)
Data bank register (DTB) 00H
User stack bank register (USB) 00H
System stack bank register (SSB) 00H
Additional data bank register (ADB) 00H

- :Not used

x:Undefined

<Check>

The above initial values are the initial values for the device. They are different from the ICE

(emulator, etc.) values.

MB90560 series
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2.7 Dedicated Registers

2.7.1 Accumulator (A)

The accumulator (A) consists of two 16-bit arithmetic operation registers (AH and AL).
The accumulator is used to temporarily store the results of an arithmetic operation and
data.

The A register can be used as a 32-bit, 16-bit, or 8-bit register. Various arithmetic
operations can be performed between memory and other registers or between the AH
register and the AL register. The A register has a data retention function that
automatically transfers pre-transfer data from the AL register to the AH register when
data of word length or less is transferred to the AL register. (Data is not retained with
some instructions.)

m Accumulator (A)

e Data transfer to the accumulator

The accumulator can process 32-bit (long word), 16-bit (word), and 8-bit (byte) data. The 4-bit
data transfer instruction (MOVN) is an exception. The explanation of 8-bit data also applies to 4-
bit data.

» For 32-bit data processing, the AH register and AL register are combined.
» For 16-bit data and 8-bit data, only the AL register is used.

» When data of byte length or less is transferred the AL register, data becomes 16 bits long by
sign extension or zero extension, and is stored in the AL register. Data in the AL register can
be handled as word-length or byte-length data.

Figure 2.7-2 shows data transfer to the accumulator. Figures 2.7-3 to 2.7-6 show specific
transfer examples.

_ 32-hit

32-bit data transfer [ A : AL l

o

Data transfer Data transfer

AH AL
16-bit data transfer [Data save <o ]

Data transfer

] AH AL
8-bit data transfer [Patasaveca T ]

00H or FFH (*1) Data transfer
(Zero extension or sign extension)

*1 Becomes 000+ or FFFH for a 4-bit transfer instruction.

Figure 2.7-2 Data transfer to the accumulator
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(An instruction that zero-extends the contents at address 3000+ and stores the

I MOV  A,3000H | result in the AL register) Memory space
MSB LSB
AH AL
Before execution [ XXXXn | 2456n | B53000u 7v_ | 88
<L+ om[Be ]
X: Undefined
After execution [ 2456s 1 00881 | MSB: Most Significant Bit

LSB: Least Significant Bit
DTB: Data bank register

I (An instruction that stores the contents at address 3000+ in the AL register)

| Movw A,3000H
Memory space

MsSB LS8
AH AL
Before execution [ XXXXn | 24561 | B53000u 77w | 88
L om[CEe ]
X: Undefined
After execution [ 2456n | 77884 | MSB: Most Significant Bit

LSB: Least Significant Bit
DTB: Data bank register

(Instruction that performs a long-word-length read using the result of the
RW.1 contents + an 8-bit offset as the address and stores the read value
[MOVL A @RW1+6 | in the A register)

Memory space

MSB LSB
AH AL
Before execution [ XXXXn i XXXXu | A61540m o Zan
@ DTB +|“6’ A6153En 2BH 52H
After execution | _8F74s | 28524 | t AW1 150 | 38n

X Undefined
MSB: Most Significant Bit
LSB: Least Significant Bit

DTB: Data bank register

Figure 2.7-5 Example of 32-bit data transfer to the accumulator (A) (register indirect)

MB90560 series CHAPTER 2 CPU

Figure 2.7-3 Example of AL-AH transfer in the accumulator (A) (8-bit immediate value, zero extension)

Figure 2.7-4 Example of AL-AH transfer in the accumulator (A) (8-bit immediate value, sign extension)
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(Instruction that performs a word-length read using the result of the

RW!1 contents + an 8-bit offset as the address and stores the read value
MOVW A,@RW1+6] in the A register)

Memory space
M
AH AL SB LSB

Before execution :
[ 00Xy | 12340 | A61540n 8FH 74n
@ DTB +[—6> A6153En 2BH 521
After execution | 1234u i 2852« | t AW1 o T 36

X: Undefined

MSB: Most Significant Bit
LSB: Least Significant Bit
DTB: Data bank register

Figure 2.7-6 Example of AL-AH transfer in the accumulator (A) (16 bits, register indirect)

e Accumulator byte-processing arithmetic operation

When a byte-processing arithmetic operation instruction is executed for the AL register, the

upper 8 bits of the AL register before the arithmetic operation is executed are ignored. The upper
8 bits of the arithmetic operation results are all zeros.

e |Initial value of the accumulator

The initial value after a reset is undefined.
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2.7 Dedicated Registers

2.7.2 Stack Pointers (USP, SSP)

There are two types of stack pointers: a user stack pointer (USP) and a system stack
pointer (SSP). Each stack pointer is a register that indicates the memory address of the
location of the destination for saved data or a return address when PUSH instructions,
POP instructions, and subroutines are executed. The upper 8 bits of the stack address
are specified by the user stack bank register (USB) or system stack bank register
(SSB).

When the S flag of the condition code register (CCR) is 0, the USP and USB registers
are valid. When the S flag is 1, the SSP and SSB registers are valid.

m Stack selection
The F*MC-16LX uses two types of stack: a system stack and a user stack.

The stack address is determined, as shown in Table 2.7-2, by the S flag in the processor status
register (PS:CCR).

Table 2.7-2 Stack address specification

Stack address
S flag
Upper 8 bits Lower 16 bits
User stack bank register (USB) |User stack pointer (USP)
1 System stack bank register (SSB) |System stack pointer (SSP)
. Initial value

Because the S flag is initialized to 1 by a reset, the system stack is used as the default.

Ordinarily, the system stack is used for interrupt routine stack operations, and the user stack is
used for all other types of stack operation. When separation of the stack space is not particularly
necessary, only the system stack should be used.

<Check>

Since the S flag is set to 1 when an interrupt is accepted, the system stack is always used for
interrupts.

Figure 2.7-7 shows an example of stack operation with the system stack.
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PUSHW A with the S flag set to 0 1

MSB LSB
Before execution AL[ A624n] USB[cen]| UsP[Fazen | C6F3261 | XXn | XXn

Sflag [0] sse[56n] ssp[123an |

U

The user stack is used because
. AL >
After execution I A624H I USBl C6H I USPl F326H l():' the S flag is 0
Sflag [0] ssB[sen] ssp[1234x cerszon | Ao T 2an

PUSHW A with the S flag setto 1 ]

MSB LS8
Before execution AL[ A624n] usB[cen] USP[Fazen | 5612320 | XXn . XXn

Sflag [1] ssB[56+] ssp[123an |

U

After execution AL[ Ae24n] USB[cCen] UsP[Fazs. | 5612320 | A6H : 24n

S flag ssB[56+ | ssp[12324 | <= The system stack is used
because the S flag is 1

X. Undefined
MSB: Most Significant Bit
LSB: Least Significant Bit

Figure 2.7-7 Stack operation instruction and stack pointer

<Notes>

» To set a value for the stack pointer, always use an even-numbered address. If an odd-
numbered address is used, a word access is split into two parts, lowering efficiency.

» The initial values of the USP register and SSP register after a reset are undefined.
m System stack pointer (SSP)

To use the system stack pointer (SSP), set the S flag in the condition code register (CCR) of the
processor status (PS) to 1. The upper 8 bits of the address that will be used for the stack
operation are indicated by the system stack bank register (SSB).

m User stack pointer (USP)

To use the user stack pointer (USP), set the S flag in the condition code register (CCR) of the
processor status (PS) to 0. The upper 8 bits of the address that will be used for the stack
operation are indicated by the user stack bank register (USB).
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2.7 Dedicated Registers

2.7.3 Processor Status (PS)

The processor status (PS) consists of CPU control bits and bits that indicate the CPU
status. The PS register consists of the following three registers:

* Interrupt level mask register (ILM)
* Register bank pointer (RP)
» Condition code register (CCR)

m Processor status (PS) configuration
The processor status (PS) consists of CPU control bits and bits that indicate the CPU status.

Figure 2.7-8 shows the configuration of the processor status (PS).

ILM RP CCR
bit15 bit14 bit13 bit12 bit11 bit10 bitd bit8 bit? bit6 bit5 bitd bit3 bit2 bit1 bitd
PS ILM2]ILM1IILMOIB4IBSIBZ|B1‘BO, —| L s[tn]z]v]e]
Initial value 6 0 0 © 0 1 X X X X X
-* Not used
X: Undefined

Figure 2.7-8 Processor status (PS) configuration

e Interrupt level mask register (ILM)

This register indicates the level of the interrupt currently accepted by the CPU. The value is
compared with the value of the interrupt level setting bits (ICR: ILO to IL2) in the interrupt control
register for the peripheral resource interrupt request.

e Register bank pointer (RP)

This pointer points to the first address of the memory block (register bank) used as the general-
purpose register in the RAM area.

There are 32 banks for general-purpose registers. Values 0 to 31 are set in the RP to specify a
bank.

e Condition code register (CCR)

This register consists of flags that are set to 1 or reset to 0 by instruction execution results and
by interrupts.
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2.7 Dedicated Registers

2.7.4 Condition code register (PS: CCR)

The condition code register (CCR) is an 8-bit register that consists of the bits that
indicate the results of an arithmetic operation and the contents of transfer data and
bits that control interrupt request acceptance.

m Condition code register (CCR) configuration

Figure 2.7-9 shows the configuration of the CCR register. Refer to the programming manual for
details about the status of the condition code register (CCR) during instruction execution.

ILM RP CCR

bit15 bit14 bit13 bit12 bitt1 bit10 bit9 bit8 bit7 bit6 Lit5 bitd bit3 bit2 bit! bitd CCRinitial value

PS ||LM2||LM1]'|LM0| B4 l B3 | B2 l Bi ] BO

—0IXXXXXs

Interrupt enable flag _—J
Stack flag
Sticky bit flag
Negatlve ag
Zero flag
Overflow flag
- Not used Carry flag
X: Undefined

Figure 2.7-9 Condition code register (CCR) configuration

Interrupt enable flag (1)

In response to all interrupt requests other than software interrupts, when the | flag is “1”,
interrupts are enabled. When the | flag is “0”, interrupts are disabled. This flag is cleared by a
reset.

e Stack flag (S)
This flag indicates which pointer is used for a stack operation.

When the S flag is “0”, the user stack pointer (USP) is valid. When the S flag is “1”, the system
stack pointer (SSP) is valid. Set when an interrupt is accepted or when a reset occurs.

e Sticky bit flag (T)

“1" is set in the T flag when there is at least one “1” in the data shifted out from the carry after
execution of a logical/arithmetic right shift instruction. Otherwise, “0” is set in T flag. In addition,
“0” is set in T flag when the shift value is zero.

e Negative flag (N)

Set to “1” when the MSB is “1” as the result of an arithmetic calculation. Cleared to “0” when the
MSB is 0.

e Zero flag (2)

Set to “1” when the result of an arithmetic calculation is all zeros. Otherwise, set to “0".
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e Overflow flag (V)

Set to “1” if a signed numeric value overflows because of an arithmetic calculation. Cleared to “0”
if no overflow occurs.

e Carry flag (C)

Set to “1” when there is an overflow from the MSB or an underflow from the LSB because of an
arithmetic calculation. Cleared to “0” when there is no overflow or underflow because of an
arithmetic calculation.
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2.7 Dedicated Registers

2.7.5 Register bank pointer (PS: RP)

The register bank pointer (RP) is a register that indicates the first address of the
general-purpose register bank currently being used. The RP is used for real address
conversion when general-purpose register addressing is used.

m Register bank pointer (RP)

Figure 2.7-10 shows the configuration of the register bank pointer (RP) register.

ILM RP CCR

bit15 bit1 bit13 bit12 bit11 bitt0 bit9 bitd bit7 bité bits bitd it btz bitt bio - initial value

o] T IsTn]elv]e] wwo

PS

Figure 2.7-10 Configuration of the register bank pointer (RP)

m General-purpose register area and register bank pointer

The register bank pointer points to the relationship between the general-purpose register of the
F*MC-16LX and the address in internal RAM where the general-purpose register exists. Figure
2.7-11 shows the conversion rules used for the relationship between the contents of the RP and
the real address.

Conversion formula [ 000180+ + (RP) X 10u ]

When RP = 101
000370n

Register bank 31

Register bank 16

—>» 000280u

Register bank 0

000180x

Figure 2.7-11 Conversion rules for physical address of general-purpose register area

¢ Since the RP takes a value from 00H to 1FH, the first address of the register bank can be set
in the range from 000180+ to 00037FH.

¢ Although an assembler instruction can use an 8-bit immediate value transfer instruction for
transfer to the RP, in actuality only the lower 5 bits of the data are used.

¢ The initial value of the RP register after a reset is 00H.
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2.7 Dedicated Registers

2.7.6 Interrupt level mask register (PS: ILM)

The interrupt level mask register (ILM) is a 3-bit register that indicates the level of the
interrupt currently accepted by the CPU.

m Interrupt level mask register (ILM)

Figure 2.7-12 shows the configuration of the interrupt level mask register (ILM). See Chapter 6,
"Interrupts,” for details about interrupts.

ILM RP CCR

bitt5 bit14 bit13 bitt2 bitt1 bit10 bit9 b b7 bitS bits bitd bit3 bit2 bit! b0  [LM initial value
B4||33|32{B1|Bo|—l|]S|T|N|z|v[c] 0008

PS

Figure 2.7-12 Configuration of the interrupt level mask register (ILM)

The interrupt level mask register (ILM) indicates the level of the interrupt currently accepted by
the CPU. The level is compared with the value of the ILO to IL2 bits of the interrupt control
register (ICR0OO to ICR15) set according to the interrupt request from the peripheral function. If
the interrupt enable flag has been set to enable (CCR: | = 1), the CPU processes the instruction
only when the value (interrupt level) of the interrupt request is smaller than the value indicated by
these bits.

* When an interrupt is accepted, the interrupt level value is set in the interrupt level mask
register (ILM). Thereafter, interrupts with the same or lower level are not accepted.

» The interrupt level is set to the highest level, which is the interrupts disabled status, because
the interrupt level mask register (ILM) is initialized to all Os by a reset.

» Although an assembler instruction can use an 8-bit immediate value transfer instruction for
transfer to the interrupt level mask register (ILM), only the lower 3 bits of the data are used.

Table 2.7-3 Interrupt level mask register (ILM) and interrupt level priority

ILM2 ILM1 ILMO Interrupt level Interrupt level priority
0 0 0 Highest (interrupts disabled)
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7 Lowest
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2.7 Dedicated Registers

2.7.7 Program Counter (PC)

The program counter (PC) is a 16-bit counter that indicates the lower 16 bits of the

memory address of the next instruction code to be executed by the CPU.

m Program counter (PC)

The program bank register (PCB) specifies the upper 8 bits of the address where the next
instruction code to be executed by the CPU is stored. The PC specifies the lower 16 bits. Before
being used, the actual address is combined to become 24 bits, as shown in Figure 2.7-13.

The contents of the PC are updated by conditional branch instructions, subroutine call
instructions, interrupts, and resets.

The PC can be used as a base pointer for reading operands.

Upper 8 bits
pos e

Upper 16 bits

oo

N—

—

—-» FEABCDnx

Next instruction to
be executed

Figure 2.7-13 Program counter (PC)

<Check>

The PC and PCB cannot be rewritten directly by a program (such as by MOV PC and #FF).
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2.7 Dedicated Registers

2.7.8 Direct Page Register (DPR)

The direct page register (DPR) is an 8-bit register that specifies bits 8 to 15 (addr8 to
addr15) of the operand address when a short direct addressing instruction is executed.

m Direct page register (DPR)

As shown in Figure 2.7-14, the DPR specifies bits 8 to 15 (addr8 to addr15) of the operand
address when a short direct addressing instruction is executed. The DPR is 8-bits long. The
DPR is initialized to 01+ by a reset. The DPR can be read and written using an instruction.

Direct address during

MSB: Most Significant Bit
LSB: Least Significant Bit

DTB register DPR register instruction
AAAAAAAA BBBBBBBB cccccceccecce
B N — S
24 bit MSB LSB
Physical address AAAAAAAA | BBBBBBBB : cCCCCCCC |
bit24 bitl6  bitls bit8  bit7 bit0

Figure 2.7-14 Physical address generation by the direct page register (DPR)

Figure 2.7-15 shows an example of direct page register (DPR) setting and data access

[ MOV S:56H, #5AH | Instruction execution results
Upper  Lower
i 8 bits i
DTB register 12v 8 bits
123458
: 123456 S5An
DPR regqister !!u
J - 123454n
MSB: Most Significant Bit MSB s
LSB: Least Significant Bit

Figure 2.7-15 Example of direct page register (DPR) setting and data access
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2.7 Dedicated Registers

2.7.9 Bank Registers (PCB, DTB, USB, SSB, ADB)

Bank
regist

registers specify the highest 8-bit address by bank addressing. The five bank
ers are as follows:

Program bank register (PCB)
Data bank register (DTB)

User stack bank register (USB)
System stack bank register (SSB)
Additional bank register (ADB)

The PCB, DTB, USB, SSB, and ADB registers indicate the individual memory banks

where

the program space, data space, user stack space, system stack space, and

additional space are located.

m Ban

54

k registers (PCB, DTB, USB, SSB, ADB)
e Program bank register (PCB)
The PCB is a bank register that specifies the program (PC) space.

The PCB is updated when a software interrupt instruction is executed, when the JMPP,
CALLP, RETP, and RETI instructions that branch anywhere within the 16-megabyte space
are executed, or when a hardware interrupt or exception occurs.

e Data bank register (DTB)
The DTB is a bank register that specifies the data (DT) space.
e User stack bank register (USB), system stack bank register (SSB)

The USB and SSB are bank registers that specify the stack (SP) space. Whether the USB or
the SSB is used depends on the S flag value in the processor status (PS: CCR). See Section
2.7.2, "Stack pointers (USP, SSP)," for detalils.

e Additional bank register (ADB)
The ADB is a bank register that specifies the additional (AD) space.
e Bank setting and data access

All bank registers are byte length. The PCB is initialized to FFH by a reset. The other bank
registers are initialized to 00H by a reset. The PCB can be read, but cannot be written to.

The other bank registers can be read and written to.
<Check>
The MB90560 series supports up to the memory space contained in the device.

See Section 2.4.2, "Address specification by bank addressing," for the operation of each
register.
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2.8 General-Purpose Registers

The general-purpose registers are a memory block allocated in RAM at 000180+ to
00037FH as banks, each of which consists of eight 16-bit segments.

The general-purpose registers can be used as general-purpose 8-bit registers (byte
registers RO to R7), 16-bit registers (word registers RWO to RW7), or 32-bit registers
(long-word registers RLO to RL7).

General-purpose registers can access RAM with a short instruction at high speed.
Since general-purpose registers are blocked into register banks, protection of register
contents and division into function units can readily be performed. When a general-
purpose register is used as a long-word register, it can be used as a linear pointer that
directly accesses the entire space.

m Configuration of a general-purpose register

All general-purpose registers exist in RAM at 000180+ to 00037FH and are configured as 32
banks. The register bank pointer (RP) specifies the bank that is to be used for a general-purpose
register. The RP points to the bank currently being used.

The RP determines the first address of each bank with the following formula:
Address of first general-purpose register = 000180H + RP x 101

Figure 2.8-1 shows the location and configuration of the general-purpose register banks in the
memory space.

56

RLO to RL3:  Long-word registers
MSB: Most Sifnificant Bit
LSB: Least Significant Bit

Built-in RAM
000380u - :
000370k Register bank 31 Byte address Byte address
000360y | Register bank 30 02CEs| R6 | R7 |02CFu RW7 RL3
02CCh| R4 R5 [02CDx RW6
02can] Ro | ma lo2cB RWs
0002EOu}——mm——1 7 e T T T T e RL2
0002D0 Register bank 21 02C81| Ro | R1 }02C9« RW4
H —s e T
0002C0x FF:eg.lstterEanIk(fg 02C6u RW3 02C7w AL1
0002B 0w egister ban 02C4u RW2 02C5s
02C24|  RW1  |02C3x ALo
RP 02C0x RWO 02C1n
LS8 .. MSB
0001BOx - <« 16bit
Register bank 2 .
0001 AOw——" Conversion formula [000180H + RP x 10H]
000190 Reg.lster bank 1 .
000180y IO RO to R7: Byte registers
RWO to RW7: Word registers

Figure 2.8-1 Location and configuration of the general-purpose register banks in the memory space

<Check>

The register bank pointer (RP) is initialized to O0H after a reset.
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m Register bank

A register bank can be used as general-purpose registers (byte registers RO to R7, word
registers RWO0 to RW7, long-word registers RLO to RL3) for various arithmetic operations and
pointers. A long-word register can be used as a linear pointer that directly accesses the entire

memory space.

The contents of the register bank, like ordinary RAM, are not initialized by a reset. The status

before a reset is retained. At power-on, however, the contents are undefined.

Table 2.8-1 lists the typical functions of general-purpose registers.

Table 2.8-1 Typical functions of general-purpose registers

Register name

Function

RO to R7

Used as an operand in various instructions

<Caution>
RO is also used as a barrel shift counter and an instruction
normalization counter

RWO to RW7

Used as a pointer
Used as an operand in various instructions
<Caution>

RWO is used also as a string instruction counter

RLO to RL3

Used as a long pointer
Used as an operand in various instructions

MB90560 series
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2.9 Prefix Codes

Prefix codes are placed before an instruction to partially change the operation of the
instruction. The three types of prefix codes are as follows:

« Bank select prefix (PCB, DTB, ADB, SPB)
« Common register bank prefix (CMR)
» Flag change suppression prefix (NCC)

m Prefix codes

e Bank select prefix (PCB, DTB, ADB, SPB)

A bank select prefix is placed before an instruction to select the memory space to be accessed
by the instruction regardless of the addressing method.

e Common register bank prefix (CMR)

The common register bank prefix is placed before an instruction that accesses a register bank to
change the register accessed by the instruction to the common bank (register bank selected
when RP = 0) at 000180+ to 00018FH regardless of the current register bank pointer (RP) value.

e Flag change suppression prefix (NCC)

The flag change suppression prefix code is placed before an instruction to suppress a flag
change accompanying the execution of the instruction.
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2.9 Prefix Codes

2.9.1 Bank select prefix (PCB, DTB, ADB, SPB)

A bank select prefix is placed before an instruction to select the memory space
accessed by the instruction regardless of the addressing method.

m Bank select prefixes (PCB, DTB, ADB, SPB)

60

The memory space used for data access is defined for each addressing method. If a bank select
prefix is placed before an instruction, the memory space accessed by the instruction can be
selected regardless of the addressing method. Table 2.9-1 lists the bank select prefix codes and
selected memory spaces.

Table 2.9-1 Bank select prefix codes and selected memory spaces

Bank select prefix

Selected space

PCB Program space

DTB Data space

ADB Additional space

SPB When the value of the S flag in the condition code register (CCR) is

0 and the user stack space is 1, the system stack space is used.

If a bank select prefix is used, some instructions perform an unexpected operation.

Table 2.9-2 lists the instructions that are not affected by bank select prefix codes. Table 2.9-3
lists instructions that require caution when they are used.

Table 2.9-2 Instructions not affected by bank select prefix codes

Instruction

Instruction Effect of bank select prefix
type
String MOVS MOVSW The bank register specified by the operand is
instruction SCEQ SCWEQ used regardless of whether a prefix is used
FILS FILSW g P '
When the S flag is “0”, the user stack bank
Stack opera- (USB) is used regardless of whether there is
tion P PUSHW POPW a prefix. When the S flag is “1”, the system
stack bank (SSB) is used regardless of
whether a prefix is used.]
MOV A MOVX A, io
MOVW A, io
MOV o, A MOVW o, A " e w ,
instruction MOVB A, io: bp MOVB io:bp, A refix 9
SETB io:bp CLRB io: bp prefix.
BBC io: bp,rel BBS io : bp, rel
WBTC o, bp WBTS io:bp
Interrupt The system stack bank (SSB) is used
return RETI 7
. . regardless of whether a prefix is used.
instruction

CHAPTER 2 CPU
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Table 2.9-3 Instructions which use requires caution when bank select prefix codes are

used

Instruction type

Instruction

Explanation
Flag chanae instruction AND CCR, #imm8 The effect of the prefix extends to the next
g g OR CCR, #imm8 instruction.
ILM setting instruction MOV ILM, #imm8 _The Eﬁ?Ct of the prefix extends to the next
instruction.
PS return instruction POPW PS Do not place a bank select prefix before the

PS return instruction.

CHAPTER2 CPU 61




2.9 Prefix Codes

2.9.2 Common register bank prefix (CMR)

The common register bank (CMR) prefix is placed before an instruction that accesses a
register bank to change the register accessed by the instruction to the common bank
(register bank selected when RP = 0) at 000180+ to 00018FH regardless of the current
register bank pointer (RP) value.

m Common register bank prefix (CMR)

To facilitate data exchange between multiple tasks, a relatively simple means of accessing a
fixed register bank regardless of the current register bank pointer (RP) value is necessary. This
is the reason that the F"MC-16LX provides a common register bank for tasks, which is called the
common bank. The common bank is located at address 000180+ to 00018FH.

If the common register bank prefix (CMR) is placed before an instruction that accesses a register
bank, registers accessed by the instruction can be changed to the common bank (register bank
selected when RP = 0) at 000180+ to 00018FHH regardless of the current register bank pointer
(RP) value.

Note that caution is required when this prefix is used with the instructions listed in Table 2.9-4.

Table 2.9-4 Instructions whose use requires caution when the common register bank
prefix (CMR) is used

Instruction Instruction Explanation
type
String instruc- MOVS MOVSW Do not place the CMR prefix before the string
tion SCEQ SCWEQ instruction
FILS FILSW ’
_Flag ch_ange AND  CCR, #imms OR CCR, #imm8 _The effc_ect of the prefix extends to the next
instruction instruction.
_PS retu_rn POPW PS The effgct of the prefix extends to the next
instruction instruction.
!LM set'tlng MOV  ILM, #imm8 The effgct of the prefix extends to the next
instruction instruction.
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2.9 Prefix Codes

2.9.3 Flag change suppression prefix (NCC)

The flag change suppression prefix (NCC) code is placed before an instruction to
suppress a flag change accompanying the execution of the instruction.

m Flag change suppression prefix (NCC)

The flag change suppression prefix (NCC) is used to suppress unnecessary flag changes. If a
flag change suppression prefix code is placed before an instruction, a flag change
accompanying the execution of the instruction is suppressed. Changes of the T, N, Z, V, and C
flags are suppressed.

Note that caution is required when this prefix is used with the instructions listed in Table 2.9-5.

Table 2.9-5 Instructions requiring caution when the flag change suppression prefix (NCC)

is used
Instruction Instruction Explanation
type
String instruc- MOVS MOVSW Do not place the NCC prefix before the string
tion SCEQ SCWEQ instruction
FILS FILSW ’
The condition code register (CCR) changes
Flag change as defined in the instruction specification
rag chang AND CCR,#imm8 OR CCR, #imm8 [regardless of whether a prefix is used.
instruction .
The effect of prefix extends to the next
instruction.
The condition code register (CCR) changes
PS return as defined in the instruction specification
instruction POPW PS regardless of whether a prefix is used.
The effect of prefix extends to the next
instruction.
!LM set.tlng MOV  ILM, #imm8 The effgct of prefix extends to the next
instruction instruction.
Interrupt
instruction INT #vct8 INT9 The condition code register (CCR) changes
Interrupt INT adder16 INTP addr24 |as defined in the instruction specification
return RETI regardless of whether a prefix is used.
instruction
Context The condition code register (CCR) changes
switch JCTX @A as defined in the instruction specification
instruction regardless of whether a prefix is used.
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2.9 Prefix Codes

2.9.4 Restrictions on Prefix Codes

The following three restrictions are imposed on the

* Interrupt/hold requests are not accepted during
and interrupt/hold suppression instructions.

» If a prefix code is placed before an interrupt/hol
prefix code is delayed.

use of prefix codes:
the execution of prefix codes

d instruction, the effect of the

» |If consecutively placed prefix codes conflict, the last prefix code is valid.

m Prefix codes and interrupt/hold suppression instructions

Table 2.9-6 lists the interrupt/hold suppression instructions and prefix codes that have

restrictions.

Table 2.9-6 Prefix codes and interrupt/hold su

ppression instructions

Prefix codes

Interrupt/hold suppression instructions (instructions that

delay the effect of prefix codes)

PCB
DTB
ADB
SPB
CMR
NCC

Instructions that do not
accept interrupt and hold
requests

MOV  ILM, #imm8
OR CCR, #imm8
AND CCR, #imm8
POPW PS

e Interrupt/hold suppression

As shown in Figure 2.9-1, an interrupt or hold request generated during the execution of prefix

codes and interrupt/hold instructions is not acce
the first instruction that is not governed by a
suppression instruction is executed.

pted. The interrupt/hold is not processed until
prefix code or that is not an interrupt/hold

Interrupt/hold suppression instruction

E:][ ............... :ll:l

Interrupt request generated

(@[

t  (a) Ordinary instruction
Interrupt accepted

Figure 2.9-1 Interrupt/hold s
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e Delay of the effect of prefix codes

As shown in Figure 2.9-2, if a prefix code is placed before an interrupt/hold suppression
instruction, the prefix code takes effect with the first instruction executed after the interrupt/hold

suppression instruction.

Interrupt/hold suppression instruction

[ovares]  [ncc] [Movimsmme] [ ] [ ] - -+ [ [sooaom]
Xe

CCR I XXX10X T
CCR : XXX10XXs

NCC does not cause the CCR to change.

Figure 2.9-2 Interrupt/hold suppression instructions and prefix codes

m Consecutive prefix codes

As shown in Figure 2.9-3, when consecutive conflicting prefix codes (PCB, ADB, DTB, and SPB)
are specified, the last prefix code is valid.

Prefix code

Prefix code PCB is valid.

Figure 2.9-3 Consecutive prefix codes
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CHAPTER 3 RESETS

This chapter describes resets for the MB90560-series microcontrollers.
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3.1

Resets

If a reset cause is generated, the CPU immediately stops the current execution process
and waits for the release of the reset. When the reset is released, the CPU begins

processing at the address indicated by the reset vector.
There are four causes of a reset:

* Power-on reset
» Watchdog timer overflow
» External reset request via the RSTX pin

» Software reset request

m Reset causes
Table 3.1-1 lists the reset causes.

Table 3.1-1 Reset causes

Oscillation
Type of reset Cause Machine clock | Watchdog timer | stabilization
wait
External pin “L” level input to RST pin Prewogs state Prewogs state No
retained retained
A “0" is written to the RST bit of . .
. Previous state Previous state
Software the low power consumption retained retained No
mode control register (LPMCR).
Watchdog timer |Watchdog timer overflow MCLK Stop Yes
Power-on When the power is turned on MCLK Stop Yes

MCLK: Main clock (oscillation clock divided by 2)

e External reset

An external reset is generated by the “L” level input to an external reset pin (RSTX pin). The
minimum required period of the “L” level input to the RSTX pin is 16 machine cycles (16/¢). The
oscillation stabilization wait interval is not required for external resets.

<Reference>

For external reset requests via the RSTX pin, if the reset cause is generated during a write
operation (during the execution of a transfer instruction such as MOV), the CPU waits for the
reset to be released after the instruction is completed. The normal write operation is therefore

completed even though a reset is input concurrently.

Note, however, that waiting for the reset to be released may not start before the transfer of
the contents of a counter specified by a string-processing instruction (such as MOVS) is

completed.
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e Software reset

A software reset is an internal reset of three machine cycles (3/@) generated by writing “0” to the
RST bit of the low power mode control register (LPMCR). The oscillation stabilization wait
interval is not required for software resets.

e Watchdog timer reset

A watchdog timer reset is generated by a watchdog timer overflow that occurs when a “0” is not
written to the WTE bit of the watchdog timer control register (WDTC) within a given time after the
watchdog timer is activated. The watch-dog reset will wait for oscillation stabilization watch
interval. The oscillation stabilization wait interval can be set by the clock selection register
(CKSCR).

e Power-on reset

A power-on reset is generated when the power is turned on. The oscillation stabilization wait
interval is fixed at 2" oscillation clock cycles (2"/HCLK). After the oscillation stabilization wait
interval has elapsed, the reset is executed.

See also
 Definition of clocks
HCLK: Oscillation clock
MCLK: Main clock
¢. Machine clock (CPU operating clock)
1/@: Machine cycle (CPU operating clock cycle)
See Chapter 4, "Clocks," for details.
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3.2 Reset Causes and Oscillation Stabilization Wait Intervals

The F’MC-16LX has five reset causes. The oscillation stabilization wait interval for a

reset depends on the reset cause.

m Reset causes and oscillation stabilization wait intervals

Tables 3.2-1 and 3.2-2 summarize reset causes and oscillation stabilization wait intervals.

Table 3.2-1 Reset causes and oscillation stabilization wait intervals

Reset cause

Oscillation stabilization wait interval
The corresponding time interval for an oscillation clock
frequency of 4 MHz is given in parentheses.

Power-on reset

2/HCLK (32.768 ms)

Watchdog timer

2/HCLK (32.768 ms)

External reset via the RSTX pin

None

Software reset

None

HCLK:Oscillation clock frequency, source oscillation

Table 3.2-2 Oscillation stabilization wait intervals set by the clock selection register

(CKSCR)

WS1 | WSO | The corresponding time interval for an oscillation clock frequency of 4 MHz is

Oscillation stabilization wait interval

given in parentheses.

No oscillation stabilization time.

2°/HCLK (2.048 ms)

2"/HCLK (8.192 ms)

R, |O|O
| Ok |O

2/HCLK (32.768 ms)

HCLK: Oscillation clock frequency

<Check>

Ceramic and crystal oscillators generally require an oscillation stabilization wait interval of
several milliseconds to 10 to 20 milliseconds until they stabilize at their natural frequency. Be
sure to set a proper oscillation stabilization wait interval for the particular oscillator used.

See Chapter 4, "Clocks," for details.

m Oscillation stabilization wait and reset state

A reset operation in response to a power-on reset and other externally activated resets during
stop mode is performed after the oscillation stabilization wait interval has elapsed. This time
interval is generated by the timebase timer. If the external reset has not been released after the
interval, the reset operation is performed after the external reset is released.
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3.3 External Reset Pin

The external reset pin (RST pin) is a dedicated pin for inputting, with an L level signal, a
reset and generating an internal reset by the L level input.
In MB90560 series microcontrollers, there are internal CPU synchronous reset and

external synchronous reset.

m Block diagrams of the external reset pin

e Block diagram of internal reset

RSTX }jpch
Pin
Nch
CPU operating clock
(PLL multiplier circuit with a frequency of HCLK divided by 2)
{>c Synchronization| . |nternal reset signal
curcuit
HCLK: Oscillation clock Input buffer
Figure 3.3-1 Block diagram of internal reset
<Check>

Inputs to the RSTX pin are accepted during cycles in which memory is not affected to prevent
memory from being destroyed by a reset during a write operation.

A clock is required to initialize the internal circuit. In particular, an operation with an external

clock requires clock input together with reset input.
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e Block diagram of internal reset for external pin

RSTX

Pin

Pch

HCLK: Oscillation clock

B

Input buffer

>
>

Internal reset signal

MB90560 series

Figure 3.3-2 Block diagram of internal reset for external pin
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3.4 Reset Operation

When a reset is released, the memory locations from which the mode data and the
reset vector are read are selected according to the setting of the mode pins, and the
mode setting data is fetched. Mode setting data determines the CPU operating mode
and the execution start address after a reset operation ends.

For power-on or recovery from stop mode by a reset, the mode is fetched after the
oscillation stabilization wait time has elapsed.

m Overview of reset operation

Figure 3.4-1 shows the reset operation flow.

Power-on reset
Stop mode
Watchdog timer reset

External reset
Software reset

During a reset

Oscillation stabilization wait
and reset state

| Fetching the mode data | > Pin state and function change

Mode fetch l
(Reset operation) |

Fetching the reset vector |

) CPU executes an instruction,
Normal operation fetching instruction codes from
(Run state) the address indicated by the
reset vector.

Figure 3.4-1 Reset operation flow

m Mode pins

Setting the mode pins (MDO to MD2) specifies how to fetch the reset vector and the mode data.
Fetching the reset vector and the mode data is performed in the reset sequence. See Chapter 7,
"Setting a Mode," for details about mode pins.
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m Mode fetch

When the reset is cleared, the CPU transfers the reset vector and the mode data stored in the
hardware memory to the appropriate registers in the CPU core. The reset vector and mode data
are allocated to the four bytes from FFFFDCH to FFFFDFH. The CPU outputs these addresses to
the bus immediately after the reset is cleared and fetches the reset vector and mode data. Using
mode fetching, the CPU can begin processing at the address indicated by the reset vector.

Figure 3.4-2 shows the transfer of the reset vector and mode data.

F*MC-16L CPU core

Mode
register

Memory space

FFFFDFu| Mode data

FFFFDEx|Bits 23 to 16 of the reset vector Reset'\s/l;g:g,;(QOM
FFFFDDx | BitS 15 to 8 of the reset vector |
FFFFDCx} Bits 7 to O of the reset vector | » PCB

@

Figure 3.4-2 Transfer of reset vector and mode data

Mode data (address: FFFFDFH)

Only s reset operation changes the contents of the mode register. The mode register setting is
valid after a reset operation. See Section 7.1, "Setting a Mode," for details about mode data.

Reset vector (address: FFFFDCH to FFFFDEH)

The execution start address after the reset operation ends is written as the reset vector.
Execution starts at the address contained in the reset vector.
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3.5 Reset Cause Bits

A reset cause can be identified by checking the watchdog timer control register
(WDTC).

m Reset cause bits

As shown in Figure 3.5-1, a flip-flop is associated with each reset cause. The contents of the flip-
flops are obtained by reading the watchdog timer control register (WDTC). If it is necessary to
identify the cause of a reset after the reset has been released, the value read from the WDTC
should be processed by the software and a branch made to the appropriate program.

Femmemmm—— [
P RSTX pin i
Power-on RSTX=L v Vo periodic clear | RST bit set
Power-on External reset Watchdog timer LPMCR:RST
detection request reset generation bit write
circuit detection cirtuit detection cirtuit detection circuit
Watchdog timer
control register Clear
(WDTC)
--------------------- v v v v Ty Ty
S R S R S R S R Delay
FIF FIF FIF FIF circuit
; Q Q :
Reading of
watchdog timer
control register
(WDTC)
\ \ \
F2MC-16LX @nternal bus —
S: Set
R : Reset
Q : Output
F/F : Flip Flop

Figure 3.5-1 Block diagram of reset cause bits
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m Correspondence between reset cause bits and reset causes

Figure 3.5-2 shows the configuration of the reset cause bits of the watchdog timer control
register (WDTC). Table 3.5-1 maps the correspondence between the reset cause bits and reset
causes.

Watchdog timer control register (WDTC)

Address bitl5-------eeee- bit8 bit7 bité bit5 bit4 bit3 bit2 bitl bit0 Initial value
0000A8H§ (TBTC) PONR| - |WRST|ERST|SRST |WTE | WT1|WTO | 1XXXXXXX&s
......................... = - = = = w " w
R : Read only
W : Write only
X : Undefined

Figure 3.5-2 Configuration of reset cause bits (watchdog timer control register)

Table 3.5-1 Correspondence between reset cause bits and reset causes

Reset cause PONR WRST ERST SRST
Power-on reset 1 X X X
Watchdog timer overflow * 1 * *
External reset request via RST pin * * 1 *
Software reset request * * * 1

*:Previous state retained
X:Undefined

m Notes about reset cause bits

e Multiple reset causes generated at the same time

When multiple reset causes are generated at the same time, the corresponding reset cause bits
of the watchdog timer control register (WDTC) are set to “1".

If, for example, an external reset request via the RSTX pin and the watchdog timer overflow
occur at the same time, both the ERST bit and the WRST bit are set to “1”.

e Power-on reset
For a power-on reset, the PONR bit is set to “1”, but all other reset cause bits are undefined.
Consequently, program the software so that it will ignore all reset cause bits except the PONR
bit if it is “1”.

e Clearing the reset cause bits

The reset cause bits are cleared only when the watchdog timer control register (WDTC) is read.
Once a reset is occurred, the corresponding reset cause bit remains to “1”, even though another
reset cause is occurred.
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3.6 Status of Pins in a Reset

This section describes the status of pins when areset occurs.

m Status of pins during a reset

The status of pins during a reset depends on the settings of mode pins (MD2 to MDO = "011").

e When internal vector mode has been set:

All /O pins (resource pins) are high impedance, and mode data is read from the internal ROM.

m Status of pins after mode data is read

The status of pins after mode data has been read depends on the mode data (M1 and MO = 00).

e When single-chip mode has been selected (M1, MO = 00g):
All /O pins (resource pins) are high impedance, and mode data is read from the internal ROM.
<Check>

For those pins that change to high impedance when a reset cause is generated, take care
that devices connected to them do not malfunction.

<Reference>

See Appendix, "State of Pins for the MB90560 Series," for information about the state of pins
during a reset.
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CHAPTER 4 CLOCKS

This chapter describes the clocks used by MB90560 series microcontrollers.
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4.1 Clocks

The clock generator controls the operation of the internal clock for the CPU and
peripheral functions. This internal clock is called the machine clock. One internal clock
cycle is regarded as one machine cycle.

Other clocks include a clock generated by source oscillation, called an oscillation
clock, and a clock generated by the internal PLL oscillation, called a PLL clock.

m Clocks

The clock generator block contains the oscillation circuit that generates the oscillation clock. An
external oscillator is connected to this circuit. The oscillation clock can also be supplied by
inputting an external clock to the clock generator.

The clock generator also contains the PLL clock multiplier circuit, which generates four types of
clock, that are multiples of the oscillation clock.

The clock generator controls the oscillation stabilization wait interval and PLL clock multiplication
as well as controls internal clock operation by changing the clock with a clock selector.

Oscillation clock (HCLK)

The oscillation clock is generated either from an external oscillator connected to the oscillation
circuit or by input of an external clock.

Main clock (MCLK)

The main clock, which is the oscillation clock divided by 2, supplies the clock input to the
timebase timer and the clock selector.

PLL clock (PCLK)

The PLL clock is obtained by multiplying the oscillation clock with the internal PLL clock
multiplier circuit (PLL oscillation circuit). Selection can be made from among four different PLL
clocks.

Machine clock (¢)

The machine clock controls operation of the operation of the CPU and peripheral functions. One
clock cycle is regarded as one machine cycle (1/¢). An operating machine clock can be selected
from among the main clock that is generated from the oscillation clock divided by 2 and the four
types of clock, that are multiples of the source clock frequency.

<Check>

Although an oscillation clock of 3 MHz to 32 MHz can be generated when the operating
voltage is 5 V, the maximum operating frequency for the CPU and peripheral functions is

16 MHz. If a frequency multiplier rate exceeding the operating frequency is specified, devices
will not operate correctly.

If, for example, a source oscillation of 16 MHz is generated, only a multiplier of 1 can be
specified.

<Reference>

A PLL oscillation of 3 to 16 MHz is possible, but this range depends on the operating voltage
and multiplier. See "Data Sheet," for details.
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m Clock suppl

y map

Since the machine clock generated by the clock generator is supplied as the operating clock for
the CPU and peripheral functions, the operation of the CPU and peripheral functions is affected
by switching of the main clock and the PLL clock (clock mode) and a change in the PLL clock

multiplier.

Since the timebase timer output will supply the operating clock for some peripheral functions, a
peripheral function can select the clock best suited for its operation.

Figure 4.1-1 shows the clock supply map.

Clock generator

Peripheral function

~ Timebase timer |—>

Pin
X1

generation
circuit

System
clock

HCLK: Oscillation clock
MCLK: Main clock
PCLK: PLL clock

@ : Machine clock

4
»| Watchdog timer
3 [ 86t PPG PEGO’ZM
timer 0/2/4 _l in
|_> /16D PPG PPG1/3/5
-bit "
> P
timer 1/3/5
TINO
Pin
16-bit reload 100
timer O _l
UARTO SCKO
»! Pin
UART1 SCK1
> Pin
TIN1
I Pin I
16-bit reload Tp(i)nl
timer 1
H

A/D converter

12C interface

Output compare
unit

16-bit free-run
timer

o (A0 3 EE ] [ V)

Input capture
unit

_| Oscillation stabilization

| wait control

MB90620 series

Figure 4.1-1 Clock supply map
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4.2 Block Diagram of the Clock Generator

The clock generator consists of five blocks:
» System clock generation circuit
e PLL multiplier circuit
» Clock selector
» Clock selection register (CKSCR)

+ QOscillation stabilization wait interval selector

m Block diagram of the clock generator

Figure 4.2-1 shows a block diagram of the clock generator and also includes the standby control
circuit and timebase timer circuit.

. Low power mode control register (LPMCR)

| |STP|SLP|SPL|RST|RESV|CG1|CGO|RESV

] CPU intermittent
’ ‘ 2 _| operation cycles
selecter
:)3 Stop and sleep signals
: @7 CPUclock |:, CPU operating
1 control circuit [: clock
Reset — :
Interrupt —: §> SQ Stop signal
=Pl |
: 1 Peripheral clock |:  Peripheral function
: control circuit " operating clock
3 Machine :

clock

Clock selector

Oscillation stabilization
2 wait interval selector
O\ <

TTT1T 2 J ool T
= El= y | ]

PLL multipiller circuit | | | Resv [MCM|WS1|WSO0|RESV|MCS| CS1|CS0

A

o

Clock selection register (CKSCR)

Timebase timer

X0 : - Divide- | | ! | Divide- Divide- Divide- Divige- |
-E—IOscillation by-2 [ 7| by204s [ by-4 by-4 bya [T}
x1 [ Pin | 3 ain :
R “ lock Clogk =~ ;i i rrrrrrrrrrrrrr

N——

System clock generation circuit To watchdog timer

S: Set
R: Reset
Q: Output

Figure 4.2-1 Block diagram of the clock generator
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e System clock generation circuit

The system clock generation circuit generates an oscillation clock (HCLK) from an external
oscillator connected to it. Alternatively, an external clock can be input to this circuit.

e PLL multiplier circuit

The PLL multiplier circuit multiplies the oscillation clock through PLL oscillation and supplies this
multiplied clock to the CPU clock selector.

e Clock selector

From among the main clock and four different PLL clocks, the clock selector selects the clock
that is supplied to the CPU and peripheral clock control circuits.

e Clock selection register (CKSCR)

The clock selection register is used to set switching between the oscillation clock and a PLL
clock to select an oscillation stabilization wait interval, and to select a PLL clock multiplier.

e Oscillation stabilization wait interval selector

This selector selects an oscillation stabilization wait interval for the oscillation clock when
returning from stop mode or after a watchdog timer reset. Selection is made from among three
kinds of timebase timer output. In all other cases, an oscillation stabilization wait interval is not
selected.
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4.3 Clock Selection Register (CKSCR)

The clock selection register (CKSCR) is used to switch between the main clock and a
PLL clock, to select an oscillation stabilization wait interval, and to select a PLL clock
multiplier.

m Configuration of the clock selection register (CKSCR)

Figure 4.3-1 shows the configuration of the clock selection register (CKSCR); Table 4.3-1
describes the function of each bit of the clock selection register (CKSCR).

bitl5 bitl4 bitl3 bitl2 bitll bitl0 bit9  bit8 bit7 ------oc---e- bitd
AddressS m——————————————— e . Initial value
0000A1H|RESV|MCM |WS1 | WSO |RESV|MCS | CS1 | CSO (LPMSR) 111111008
R/W R RW RW RW RW RW R/W
[ I—
csilcso _ Multiplier sele_ction bits
The resulting clock frequency is shown in parenthness
0 0 |1xHCLK (4MHz)
0 1 |2 x HCLK (8MHz)
1 0 |3 xHCLK (12MHz)
1 1 |4 x HCLK (16MHz)
> MCS Machine clock selection bit
0 | PLL clock selected.
1 | Main clock selected.
Oscillation stabilization wait interval selection bits
»| WS 1|WSO0| The corresponding time interval for an oscillation clock|
frequency of 4 MHz is given in parentheses.
0 0 |No oscillation stabilization wait interval
0 | 1 |2 HCLK (Aprox. 2.05ms)
1 | 0 |25 HCLK (Aprox. 8.19ms)
1 | 1 |27/ HCLK (Aprox. 32.768ms)
»MCM Machine clock indication bit
0 |APLL clock is used as the machine clock.
1 | The main clock is usedas the machine clock.
> RESV| Reserved bit
HCLK: Oscillation clock frequency 1 must always be written to these bits.
R/W: Read/write
R: Read only
- Unused
|:|: Initial value

Figure 4.3-1 Configuration of the clock selection register (CKSCR)

<Check>

If the machine clock selection bit is not set, the main clock is used as the machine clock.
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Table 4.3-1 Function description of each bit of the clock selection register (CKSCR)

Bit name Function
bit15 |RESV: <Caution>
bit 11  |Reserved bit e “1" must always be written to these bits.
* This bit indicates whether the main clock or a PLL clock has been selected
MCM: as the m_ach_in_e clock. N
. . ¢ When this bit is set to “0”, a PLL clock has been selected. When it is set to
bit 14 |Machine clock wnm .
indication bit 1", the main clock has been selected. o o _ _

e IfMCS =0and MCM =1, the PLL clock oscillation stabilization wait period
is in effect.

* These bits select an oscillation stabilization wait interval of the oscillation
clock after stop mode has been cancelled.

WSL1, WSO: . Tht_ese bits are initialized to 118 by all reset causes.
. o .. |<Caution>
bit 13  |Oscillation stabili- _— I - .
bit 12 |zation wait inter- The oscnla_tlon stabilization wait |_nterval must be set to a value ap_pro_prlate
val selection bits for th_g os_cﬂlator_used. See S_ectlon 3.2, "Reset Causes and Oscillation
Stabilization Wait Intervals," in Chapter 3.

<Reference>
The oscillation stabilization period for all PLL clocks is fixed at 2"*/HCLK.

e This bit specifies whether the main clock or a PLL clock is selected as the
machine clock.

* When this bit is “0”, a PLL clock is selected. When this bit is “1”, the main
clock is selected.

e “0”is written to this bit while it is “1”, the oscillation stabilization wait inter-
val for the PLL clock starts. As a result, the timebase timer is automatically
cleared, and the TBOF bit of the timebase timer control register (TBTC) is
also cleared.

* For PLL clocks, the oscillation stabilization period is fixed at 2°*/HCLK (the

MCS: oscillation stabilization wait interval is approx. 2 ms for an oscillation clock
bit 10 |Machine clock frequency of 4 MHz).
selection bit * When the main clock has been selected, the operating clock frequency is
the frequency of the oscillation clock divided by 2 (e.g., the operating clock
is 2 MHz when the oscillation clock frequency is 4 MHz).

e This bit is initialized to 1 by all reset causes.

<Caution>
When the MCS bit is “1”, write “0” to it only when the timebase timer inter-
rupt is masked by the TBIE bit of the timebase timer control register
(TBTC) or the interrupt level register (ILM). For 8 machine cycles after “1”
is written to the MCS bit, writing “0” to it may be disabled. Write to the bit
after 8 machine cycles have passed.

* These bits select a PLL clock multiplier.

. e Selection can be made from among four different multipliers.
bit 9 CSl_’ CSO' * These bits are initialized to 008 by all reset causes.
. Multiplier selec- )
bit 8 tion bits <Caution>
When the MCS bit is “0”, writing to these bits is not allowed. Write to the
CS1 and CSO bits only after setting the MCS bit to “1” (main clock mode).

HCLK: Oscillation clock frequency
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4.4 Clock Mode

Two clock modes are provided: main clock mode and PLL clock mode.

m Main clock mode and PLL clock mode

e Main clock mode

In main clock mode, the main clock, which is the oscillation clock divided by 2 and is used as the
operating clock for the CPU and peripheral resources. Meanwhile, the PLL clocks are disabled.

PLL clock mode

In PLL clock mode, a PLL clock is used as the operating clock for the CPU and peripheral
resources. A PLL clock multiplier is selected with the clock selection register (CKSCR: CS1 and
CS0).

m Clock mode transition

Switching between main clock mode and PLL clock mode is done by writing to the MCS bit of
the clock selection register (CKSCR).

Switching from main clock mode to PLL clock mode

When the MCS bit of CKSCR is “1”, writing “0” to it will switch the operating clock from the main
clock to a PLL clock after the PLL clock oscillation stabilization wait period (2"*/HCLK).
Switching from PLL clock mode to main clock mode

When the MCS bit of CKSCR is “0”, writing “1” to it will switch the operating clock from the PLL
clock to the main clock when the edges of the PLL clock and the main clock coincide (after 1 to 8
PLL clocks).

<Check>

Even though the MCS hit of CKSCR is rewritten, machine clock switching does not occur
immediately. When operating a peripheral function that depends on the machine clock, make
sure that machine clock switching has been done by referring to the MCM bit of CKSCR
before operating the peripheral function.

m Selection of a PLL clock multiplier

Writing a value from “008” to “118” to the CS1 and CSO bits of CKSCR selects one to the four
PLL clock multipliers.

m Machine clock

88

The machine clock may be either a PLL clock output from the PLL multiplier circuit or the clock
that is the source oscillation clock divided by 2. This machine clock is supplied to the CPU and
peripheral functions.

Either the main clock or a PLL clock can be selected by writing to the MCS bit of CKSCR.
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Figure 4.4-1 shows the status change caused by the machine clock switching.

Power-on

l
) @

Main Main — PLLx )

MCS=1 MCS =0 @)
MCM =1 MCM =1

CS1, CSO = xx (6)| cs1,cs0=xx | O

M| pPLLL— Main
MCS = 1
MCM = 1
CS1, CS0 = 00

(6)

] .
PLL2 — Main

MCS=1
MCM =0

PLL1: Multiplied
by 1

MCS =0

MCM =0
CS1,Cs0=00

(6

CSs1,Cs0=01

] ;
PLL3— Main

MCS=1
MCM =0 (6)

PLL2: Multiplied
by 2

MCS =0

MCM =0
CS1,Cs0=01

CSs1,Cs0=11

@)

PLL4— Main
MCS = 1
MCM =0 ®)

PLL3: Multiplied
by 3

MCS =0

MCM =0
CS1,Cs0=10

CSs1,Cs0=11

(1) The MCS bit is cleared.

(2) The PLL clock oscillation stabilization wait ends with CS1 and CSO = 00.
(3) The PLL clock oscillation stabilization wait ends with CS1 and CSO0 = 01.
(4) The PLL clock oscillation stabilization wait ends with CS1 and CSO = 10.
(5) The PLL clock oscillation stabilization wait ends with CS1 and CSO = 11.

(6) The MCS bit is set (including also watchdog timer resets).
(7) PLL clock and main clock synchronization timing

MCS: Machine clock selection bit of CKSCR

MCM: Machine clock indication bit of CKSCR

CS1, CS0: Multiplier selection bits of CKSCR

PLL4: Multiplied
by 4

MCS =0

MCM =0
CS1,Cs0=11

Figure 4.4-1 Status change diagram for machine clock selection

<Check>

The initial value for the machine clock setting is main clock (MCS of CKSCR = 1)
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45 Oscillation Stabilization Wait Interval

When the system changes operation from a state in which the main clock is stopped
(such as at power-on, in stop mode and at watch-dog reset), a delay (an oscillation
stabilization wait interval) is required to stabilize the clock oscillation before operation
starts. When the switch from the main clock to a PLL clock occurs, an oscillation
stabilization wait interval is also required when PLL oscillation starts.

m Oscillation stabilization wait interval

Ceramic and crystal oscillators generally take several milliseconds to 20 milliseconds to stabilize
at their natural frequency when oscillation starts.

For this reason, CPU operation is not allowed as soon as oscillation starts and is allowed only
after full stabilization of oscillation. After the oscillation stabilization wait interval has elapsed, the
clock is supplied to the CPU.

Because the oscillation stabilization time depends on the type of the oscillator (crystal, ceramic,
etc.), the proper oscillation stabilization wait interval for the oscillator used must be selected. An
oscillation stabilization wait interval is selected by setting the clock selection register (CKSCR).

In a switch from the main clock to a PLL clock, the CPU continues to operate on the main clock
during the oscillation stabilization wait interval for PLL. After this interval, the operating clock
switches to the PLL clock.

Figure 4.5-1 shows the operation after oscillation starts.

Oscillator-activated Oscillation stabilization

D o Normal operation start
oscillation time wait interval

or change to PLL clock

- Larn ) Larn »>

f t

Start of oscillation  Stable oscillation

Figure 4.5-1 Operation when oscillation starts
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4.6 Connection of an Oscillator or an External Clock

The F"MC-16LX microcontroller contains a system clock generation circuit. Connecting

an external oscillator to this circuit generates the system clock.
Alternatively, an externally generated clock can be input to the microcontroller.

m Connection of an oscillator or an external clock to the microcontroller

e Example of connecting a crystal or ceramic oscillator to the microcontroller

Connect a crystal or ceramic oscillator as shown in the example in Figure 4.6-1.

X0

MB90560

-
[]
/ﬁm

Figure 4.6-1 Example of connecting a crystal or ceramic oscillator to the microcontroller

e Example of connecting an external clock to the microcontroller

As shown in Figure 4.6-2, connect an external clock to pin X0. Pin X1 must be open.

X0

MB90560

Open

Figure 4.6-2 Example of connecting an external clock to the microcontroller
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CHAPTERS5 LOW POWER CONSUMPTION MODE

This chapter describes the low power consumption mode of MB90560 series
microcontrollers.
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5.1 Low Power Consumption Mode

F’MC-16LX microcontrollers have the following CPU operating modes, any of which
can be used depending on the operating clock selection and clock operation control:

e Clock mode (PLL clock mode and main clock mode)

e CPU intermittent operation mode (PLL clock intermittent operation mode and
main clock intermittent operation mode)

« Standby mode (sleep, timebase timer and stop)
All modes other than PLL clock mode are low power consumption modes.

m CPU operating modes and current consumption

Figure 5.1-1 shows the relation between the CPU operating modes and current consumption

Current consumption

A -

— | CPU operating [ PLL clock mode
Several tens mode
of mA

Multiplied-by-four
clock

Multiplied-by-threq
clock

Multiplied-by-two
clock

Multiplied-by-1
clock

Multiplied-by-four
clock
Multiplied-by-thred
clock

-‘IPLL clock intermittent operation mode

Multiplied-by-two
clock

Multiplied-by-1
clock

Main clock mode (1/2 clock mode) j

Main clock intermittent operation mode

Several mA —

Sleep mode —l

Timebase timer mode ]

|
@
I
5
o
5
<
3
o
o
®

Stop mode/hardware standby
mode

Low power consumption mode

Several pA —1-

Note:
This figure is only an indication of power consumption for each mode. Actual

current consumption values may not agree with those in the figure.

Figure 5.1-1 CPU operating modes and current consumption
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m Clock mode

m CPU intermi

m Standby mo

PLL clock mode

A PLL clock that is a multiple of the oscillation clock (HCLK) frequency is used to operate the
CPU and peripheral functions.

Main clock mode

The main clock, with a frequency one-half that of the oscillation clock (HCLK), is used to operate
the CPU and peripheral functions. In main clock mode, the PLL multiplier circuit is inactive.

<Reference>
See Chapter 4, "Clocks," for details about clock mode.
ttent operation mode

CPU intermittent operation mode causes the CPU to operate intermittently, while high-speed
clock pulses are supplied to peripheral functions, reducing power consumption. In CPU
intermittent operation mode, intermittent clock pulses are only applied to the CPU when it is
accessing a register, internal memory, a peripheral function, or an external unit.

de

In standby mode, the low power consumption control circuit stops supplying the clock to the CPU
(sleep mode) or the CPU and peripheral functions (timebase timer mode), or stops the oscillation
clock itself (stop mode), reducing power consumption.

PLL sleep mode

PLL sleep mode is activated to stop the CPU operating clock when the microcontroller enters
PLL clock mode; other components continue to operate on the PLL clock.

Main sleep mode

Main sleep mode is activated to stop the CPU operating clock when the microcontroller enters
main clock mode; other components continue to operate on the main clock.

Timebase timer mode

Timebase timer mode causes microcontroller operation, with the exception of the oscillation
clock and the timebase timer, to stop. All functions other than the timebase timer are
deactivated.

Stop mode

Stop mode causes the source oscillation to stop. All functions are deactivated.

<Check>

Because stop mode turns the oscillation clock off, this mode saves the most power while data
is being retained.
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5.2 Block Diagram of the Low Power Consumption Control

Circuit

The low power consumption control circuit consists of the following seven blocks:

» CPU intermittent operation selector
» Standby clock control circuit

* CPU clock control circuit

» Peripheral clock control circuit

* Pin high-impedance control circuit
* Internal reset generation circuit

* Low power mode control register (LPMCR)

m Block diagram of the low power consumption control circuit

96

Figure 5.2-1 shows the block diagram of the low power consumption control circuit.

Low power mode control register (LPMCR)

| STP ‘ SLP ‘ SPL ‘ RST ‘RESV‘ CG1 ‘ CGO ‘RESV|

Pin high
impedance
control circuit

> Pin Hi-z control

Internal reset

RST| Pin } > generation
y y circuit

> Internal reset

CPU intermittent

operation selecter

¢ Sell

ect intermittent cycles

Rel reset > RST [+

N CPU clock

control circuit

> CPU clock

Standby control

circuit

Cancel interrupt

A 1

Sto

Y

T Stop and sleep signals

p signal

Oscillation stabiliz-

Machine clock Peripheral clock
control circuit

> Peripheral clock

-ation wait is passed

Clock generator

Clock selector

Oscillation stabilization
wait interval selector

o/ooowj

b | 2
0000 ? <
2
\ ’
| PLL multipiler | | RESV‘ MCM‘ wsi ‘ WSO ‘RESV‘ MCS‘ c51 cso |

Clock selection register (CKSCR)

Divide-
by-4

Divide-
by-8 :

: Divide- Divide- Divide-
J by-2 : by-2048 by-4

X1 System clock _
generation circuit

Main ERoCk - - -

Timebase tlmer

Figure 5.2-1 Block diagram of the low power consumption control circuit
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e CPU intermittent operation selector

This selector selects the number of clock pulses the CPU is to be halted during CPU intermittent
operation mode.

e Standby control circuit

The standby control circuit controls the CPU clock control circuit and the peripheral clock control
circuit, and turns the low power consumption mode on and off.

e CPU clock control circuit

This circuit controls the clocks supplied to the CPU.

e Peripheral clock control circuit

This circuit controls the clocks supplied to peripheral functions.

e Pin high-impedance control circuit

This circuit makes the external pins high-impedance when the microcontroller enters timebase
timer mode and stop mode.

For the pins with the pull-up option, this circuit disconnects the pull-up resistor when the
microcontroller enters stop mode or hardware standby mode.

e Internal reset generation circuit

This circuit generates an internal reset signal.

e Low power consumption mode control register (LPMCR)

This register is used to switch to and return from standby mode and to set the CPU intermittent
operation function.
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5.3 Low Power Mode Control Register (LPMCR)

The low power mode control register (LPMCR) switches to or releases low power
consumption mode. It is also used to set the number of CPU clock pulses the CPU is to
be halted during CPU intermittent mode.

m Low power consumption mode control register (LPMCR)

Figure 5.3-1 shows the configuration of the low power consumption mode control register

(LPMCR).
bitl5 ------------ bit8 bit7 bit6  bit5  bitd  bit2 bitl  bit0
Address T Initial value
0000AOK i (CKSCR) STP | SLP | SPL | RST |[RESV | CG1l | CGO |[RESV 000110018
""""""""" W W RW W RW RW RW RW
| e
|_> RESV| Reserved bit
1 must always be written to these bits.
5| CG1|CGO CPU halt clock pulses selection bits
0 0 | O clock pulse (CPU clock = Peripheral clock)
0 1 | 9 clock pulses (CPU clock: Peripheral clock = 1: 3 to 4 approx.)
1 0 | 17 clock pulses (CPU clock: Peripheral clock = 1: 5 to 6 approx.)
1 1 | 33 clock pulses (CPU clock: Peripheral clock = 1: 9 to 10 approx.)
——> | RST Internal reset signal generation bit

0 | Generates an internal reset signal of 3 machine cycles.

1 | No change, no effect on operation

——> | SPL Pin state setting bit (for timebase timer mode and stop mode)
0 | Retained

1 | High-impedance

L—— > | SLP Sleep bit

0 | No change, no effect on operation

1 | Switch to sleep mode.

Stop bit
>
STP PLL clock mode Main clock mode
RW:  Read/write (MCS of CKSCR =0) (MCS of CKSCR =1)
W: Write-only 0 | No change, no effect on operation | No change, no effect on operation
I:I. Initial value
1 | Switch to timebase timer mode. Switch to stop mode.

Figure 5.3-1 Configuration of the low power consumption mode control register (LPMCR)
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Table 5.3-1 Function description of each bit of the low power consumption mode control

register (LPMCR)

Bit name

Function

bit 7

STP:
Stop bit

* This bit indicates switching to timebase timer mode or stop
mode.

*  When “1” is written to this bit, a switch to timebase timer mode is
performed if the PLL clock has been selected (MCS of CKSCR =
0) and a switch to stop mode is performed if the oscillation clock
has been selected (MCS of CKSCR = 1). Even though 1 is writ-
ten to the STP bit during the transition of clock selection, the
MCS bit status determines whether timebase timer mode or stop
mode is used.

* Writing “0” to this bit has no effect on operation.

* This bit is cleared to “0” by a reset or by release of the timebase
timer or of the stop state.

* The read value of this bit is always “0".

bit 6

SLP:
Sleep bit

* This bit indicates switching to sleep mode.

* When “1” is written to this bit, the mode switches to sleep mode.

* Writing “0” to this bit has no effect on operation.

* This bit is cleared to “0” by a reset or by release of sleep or stop
mode.

e |f“1”is written to both the STP bit and SLP bit at the same time,
the mode switches to timebase timer mode or stop mode.

* The read value of this bit is always “0".

bit 5

SPL:

Pin state setting bit (for
timebase timer mode and
stop mode)

* This bit is enabled while either timebase timer mode or stop
mode is in effect.

* When this bit is “0", the level of the external pins is retained.

* When this bit is “1", the status of the external pins changes to
high-impedance.

* This bit is initialized to “0” by a reset.

bit 4

RST:
Internal reset signal gen-
eration bit

* When “0” is written to this bit, an internal reset signal of 3
machine cycles is generated.

e Writing “1” to this bit has no effect on operation.

* The read value of this bit is always “1".

bit 3

RESV:
Reserved bit

<Caution>
“1" must always be written to this bit.

bit 2
bit 1

CG1, CGO:
CPU halt clock pulses
selection bits

* These bits set the number of CPU halt clock pulses for the CPU
intermittent operation function.

* The clock supplied to the CPU is stopped after the execution of
every instruction for the specified number of clock pulses.

* Selection can be made from among four different clock pulses.

* These bits are initialized to “008“ by a power-on or watchdog
timer reset. Other resets do not initialize these bits.

bit 0

RESV:
Reserved bit

<Caution>
“1” must always be written to this bit.

MB90560 series
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m Access to the low power mode control register (LPMCR)

Switching to low power consumption mode (including stop mode and sleep mode) is performed
by writing to the low power mode control register (LPMCR). Only the instructions listed in Table
5.3-2 should be used for this purpose. If other instructions are used for switching to low power
consumption mode, operation cannot be assured. To control functions other than switching to
low power consumption mode, any instruction can be used.

When word-length is used for writing to the low power consumption mode control register, even
addresses must be used. Writing with odd addresses to switch to low power consumption mode
may cause a malfunction.

Table 5.3-2 Instructions to be used for switching to low power consumption mode

MOV io,#imm8 MOV dir,#imm8 MOV eam,#imm8 MOV eam,Ri
MOV io,A MOV dir,A MOV addr,A MOV eam,A
MOV @RLi+disp8,A MOV addr24,A

MOVW io,#imm16 MOVW dir,#imm16 MOVW eam,#imm16 MOVW eam,RWi
MOVW io,A MOVW dir,A MOVW addrl6,A MOVW eam,AA

MOVW @RLi+disp8,A MOVPW addr24,A

SETB io:bp SETB dir:bp SETB addr16:bp
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5.4 CPU Intermittent Operation Mode

CPU intermittent operation mode is used for intermittent operation of the CPU while
peripheral functions continue to operate at high speed. Its purpose is to reduce power
consumption.

m CPU intermittent operation mode

CPU intermittent operation mode halts the supply of the clock to the CPU for a certain period.
The halt occurs after the execution of every instruction that accesses a register, internal memory
(ROM and RAM), I/O, peripheral functions. and the external bus. Internal bus cycle activation is
therefore delayed. While a steady rate of peripheral clock pulses are supplied to the peripheral
functions, the rate of CPU execution is reduced, enabling processing with low power
consumption.

» The CG1 and CGO bits of the low power mode control register (LPMCR) are used to select
the number of clock pulses per halt cycle of the clock supplied to the CPU.

» Instruction execution time in CPU intermittent mode can be calculated. A correction value
should be obtained by multiplying the number of times instructions that access a register,
internal memory and internal peripheral functions are executed by the number of clock pulses
per halt cycle. Add this correction value to the normal execution time.

Figure 5.4-1 shows the operating clock pulses during CPU intermittent operation mode.

Peripheral clock _nnﬂﬂﬂmmm
CPUclock L1 L

i One insfruction
Halt cycle i executign cycle
- ke mu—

Internal bus activation

Figure 5.4-1 Clock pulses during CPU intermittent operation
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5.5 Standby Mode

Standby mode includes the sleep (PLL sleep and main sleep), timebase timer, and stop

modes.

m Operating status during standby mode

Table 5.5-1 summarizes the operating statuses during standby mode.

Table 5.5-1 Operation statuses during standby mode

Standby mode Condlyon Os_cn- Clock | CPU | Peripheral Pin Release
for switch lation event
PLL sleep MCS=0
mode SLP=1
Slegp Active Active Active
mode | Main sleep MCS =0
mode SLP=1
Timebase _ Active
Time- | timer mode MCS__ 0 Hold
_ STP=1
base (SPL=0) Sto Stop (*1) Reset
timer ; P P Interrupt
q Timebase MCS = 0
MOCE | timer mode - ) Hi-z
= STP=1 In
(SPL=1) active
Stop mode | MCS=1 Hold
Stop (SPL =0) STP=1
de Stop Stop
mo Stop mode | MCS=1 Hiy
(SPL=1) STP=1

*1 Only the timebase timer is active.
SPL:Pin state setting bit of low power consumption mode control register (LPMCR)

SLP:Sleep bit of LPMCR

STP:Timebase timer or stop bit of LPMCR
MCS:Machine clock selection bit of clock selection register (CKSCR)
Hi-z:High-impedance
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5.5 Standby Mode

5.5.1 Sleep mode

Sleep mode causes the CPU operating clock to stop while other peripheral functions
continue to operate.

When the low power mode control register (LPMCR) indicates a switch to sleep mode,
a switch to PLL sleep mode occurs if PLL clock mode has been set. Alternatively, a
switch to main sleep mode occurs if main clock mode has been set.

m Switching to sleep mode

Writing “1” to the SLP bit of LPMCR and “0” to the STP bit of LPMCR triggers a switch to sleep
mode.

At this time, if the MCS bit of the clock selection register (CKSCR) is “0”, the microcontroller
enters PLL sleep mode. If the MCS bit of CKSCR is “1”, the microcontroller enters main sleep
mode.

<Check>

Since the STP bit setting overrides the SLP bit setting when “1” is written to the SLP and STP
bits at the same time, the mode switches to timebase timer mode or stop mode.

Data retention function

In sleep mode, the contents of dedicated registers, such as accumulators and internal RAM, are
retained.

Operation during an interrupt request

Writing “1” to the SLP bit of LPMCR during an interrupt request does not switch to sleep mode. If
the CPU does not accept the interrupt, the CPU executes the next instruction. If the CPU
accepts the interrupt, CPU operation immediately branches to the interrupt processing routine.

Status of pins

During sleep mode, all pins retain the state they had immediately before the switch to sleep
mode.

m Release of sleep mode

104

The low power consumption control circuit is used to release sleep mode. Releasing is caused
by the input of a reset or by an interrupt.

Return to normal mode by a reset

When sleep mode is released by a reset, the microcontroller is placed in the reset state on
release from sleep mode.
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e Return to normal mode by an interrupt

If an interrupt request of level 7 or higher is issued from a peripheral circuit during sleep mode,
sleep mode is released. After release, the CPU handles the interrupt in normal manner. The
CPU executes processing according to the settings of the | flag of the condition code register
(CCR), interrupt level mask register (ILM), and interrupt control register (ICR). If that interrupt is
accepted, the CPU executes interrupt processing. If the interrupt is not accepted, the CPU
resumes execution with the instruction that follows the instruction in which switching to sleep
mode was specified.

Figure 5.5-1 shows the release of sleep mode for an interrupt.

Interrupt from a peripheral circuit
Enable flag is set.

Sleep mode is not

Sleep mode is not released.
IL smaller than released. T
........ Y B et
Execution of the l
next instruction Sleep mode is
released.

Execution of the
next instruction

Interrupt execution

Figure 5.5-1 Release of sleep mode for an interrupt

<Check>

When interrupt processing is executed normally, the CPU first executes the instruction that
follows the instruction in which switching to sleep mode was specified. The CPU then
proceeds to interrupt processing.

e Return to normal mode from PLL sleep mode by an external reset

During PLL sleep mode, the main clock and the PLL clock generate clock pulses. Since an
external reset does not initialize the MCS bit in the clock selection register (CKSCR) to 1, PLL
clock mode remains selected (MCS of CKSCR = 0). On return from PLL sleep mode by an
external reset, the CPU starts operation using the PLL clock immediately after PLL sleep mode
is released as shown in Figure 5.5-2.
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RST pin

=
Sleep mode ._____I
Main clock Oscillating
H Oscillating
PLL clock —
CPU clock i I PLL clock
CPU operation Inactive : |Resefsequence | Execution

Sleep mode released. 4 L Reset released.

Figure 5.5-2 Release of PLL sleep mode (by external reset)
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5.5 Standby Mode

5.5.2 Timebase timer mode

Timebase timer mode causes the microcontroller operation to stop except the source
oscillation and the timebase timer. All functions other than timebase timer are
deactivated.

m Switching to timebase timer mode

When “1” is written to the STP bit of the low power consumption mode control register (LPMCR)
in PLL clock mode (MCS of CKSCR = 0), switching to timebase timer mode occurs. Also, in
main clock mode (MCS of CKSCR = 1), writing “0” to the MCS bit of the clock selection register
(CKSCR) and “1” to the STP bhit of LPMCR triggers switching to timebase timer mode.

e Data retention function

In timebase timer mode, the contents of dedicated registers, such as accumulators and internal
RAM, are retained.

e Operation during an interrupt
Writing “1” to the STP bit of LPMCR during an interrupt request does not trigger switching to
timebase timer mode.

e Status of pins

Before switching to timebase timer mode, the SPL bit of LPMCR controls external I/O pins to
either retain the pervious state or go to high-impedance.

m Release of timebase timer mode

The low power consumption control circuit is used to release timebase timer mode. Release is
caused by input of a reset or an interrupt. If timebase timer mode is released by a reset, the
microcontroller is placed in the reset state after its release from timebase timer mode.

For return to normal mode from timebase timer mode, the low power consumption control circuit
releases timebase timer mode. The microcontroller then enters the PLL clock oscillation
stabilization wait state. If the PLL clock is not used, change the MCS bit of CKSCR to 1 with the
instruction that is executed immediately after the reset or return from the interrupt.

e Return to normal mode by a reset

If timebase timer mode is released by a reset, the microcontroller is placed in the reset state
after release from timebase timer mode.

e Return to normal mode by an external reset

Since an external reset does not initialize the MCS bit of the clock selection register (CKSCR) to
1, PLL clock mode remains selected (MCS of CKSCR = 0). If the reset period is shorter than the
PLL clock oscillation stabilization wait period, the reset sequence proceeds using the main clock.

Figure 5.5-3 shows the operation for return to normal mode from timebase timer mode triggered
by an external reset.
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RST pin
. L
Timebase s
timer mode | :
Main clock "~ Oscilating
PLL clock é‘"foé'c‘nréﬁah' Stablization Watl Oscillating
CPU clock .| Main clock ]_PLL clock
CPU operation Inactive {Reset sequencd  Execution
L , T T—AReslet relgased.

Figure 5.5-3 Release of timebase timer mode (by an external reset)

e Return to normal mode by an interrupt

If an interrupt request of level 7 or higher is issued from a peripheral circuit in timebase timer
mode (when IL2, IL1, and ILO of the interrupt control register (ICR) are set to a value other than
“1118"), the low power consumption control circuit releases timebase timer mode. After the
release, the CPU handles the interrupt in a normal manner. The CPU executes processing
according to the settings of the | flag of the condition code register (CCR), interrupt level mask
register (ILM), and interrupt control register (ICR). If the interrupt is accepted, the CPU executes
interrupt processing. If the interrupt is not accepted, the CPU resumes execution with the
instruction that follows the instruction in which switching to timebase timer mode was specified.

<Check>

When interrupt processing is executed normally, the CPU first executes the instruction that
follows the instruction in which switching to timebase timer mode was specified. The CPU
then proceeds to interrupt processing.

e PLL clock oscillation stabilization wait interval on release of timebase timer mode

The period from the falling edge to the rising edge of the timebase timer output (2" x oscillation
clock cycle) is allowed for the detection of the end of the PLL clock oscillation wait interval.

When timebase timer mode is released by an external reset or an interrupt, the timebase timer
itself is not cleared. Consequently, a delay of a maximum of one cycle (2 x 2*° x oscillation clock
cycle) occurs until the falling edge of the timer output has actually been detected after timebase
timer mode is released.

Therefore, a certain amount of time (2*° x oscillation clock cycle to 3 x 2** x oscillation clock
cycle) is required before PLL clock operation begins after the release of timebase timer mode.
The CPU and peripheral functions operate using the main clock until the switch to the PLL clock.
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5.5 Standby Mode

5.5.3 Stop mode

Stop mode causes the source oscillation to stop and deactivates all functions. It is
therefore the most power saving mode while data is being retained.

m Switching to stop mode

110

When “1” is written to the STP bit of the low power consumption mode control register (LPMCR)
is written in main clock mode (MCS of CKSCR = 1), switching to stop mode occurs.

During PLL clock mode (MCS of CKSCR = 0), writing “1” to the MCS bit of the clock selection
register (CKSCR) and writing “1” to the STP bit of LPMCR trigger switching to stop mode.

Data retention function

In stop mode, the contents of dedicated registers, such as accumulators and internal RAM, are
retained.

Operation during an interrupt

Writing “1” to the STP bit of LPMCR during an interrupt request does not trigger switching to stop
mode.

Pin state setting

Before switching to stop mode, the SPL bit of LPMCR controls the external pins to either retain
the pervious state or go to high-impedance.
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m Release of stop mode

The low power consumption control circuit is used release stop mode. The release is caused by
input of a reset or by an interrupt.

Because the oscillation of the operating clock is stopped before return to normal mode from stop
mode, the low power consumption control circuit puts the microcontroller into the oscillation
stabilization wait state, then releases stop mode.

e Return to normal mode by areset

When stop mode is released by a reset cause, the microcontroller is placed in the oscillation
stabilization wait and reset state after release from stop mode. The reset sequence proceeds
after the oscillation stabilization wait interval has elapsed.

e Return to normal mode by a interrupt

If an interrupt request of level 7 or higher is issued from a peripheral circuit during stop mode
(when IL2, IL1, and ILO of the interrupt control register (ICR) are set to a value other than
“1118"), the low power consumption control circuit releases stop mode. After release, the CPU
handles the interrupt in a normal manner. However, the CPU starts after the main clock
oscillation stabilization wait interval specified by the WS1 and WSO bits of the clock selection
register (CKSCR) has elapsed. The CPU executes processing according to the settings of the |
flag of the condition code register (CCR), interrupt level mask register (ILM), and interrupt control
register (ICR). If the interrupt is accepted, the CPU executes interrupt processing. If the interrupt
is not accepted, the CPU resumes the execution with the instruction that follows the instruction in
which switching to stop mode was specified.

<Check>

When interrupt processing is executed normally, the CPU first executes the instruction that
follows the instruction in which switching to stop mode was specified. The CPU then
proceeds to interrupt processing.

Figure 5.5-4 shows the operation of return to normal mode from stop mode.

RST pin l—l
Stop mode ——I

Oscillation stabilization wait | ~ Oscillating

Main clock
Inactive

PLL clock

| Main clock

CPU clock

Do I . i
: . nactive Resdtsequence
CPU operation L qiseq [ Execution

T L Reset released.
Stop mode released.

Figure 5.5-4 Release of stop mode (by external reset)
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5.6 Status Change Diagram

Figure 5.6-1 shows the status change diagram of F2MC-16LX operation and gives
change conditions.

m Status change diagram

From all states

Power-on )
Main clock mode

Main clock
reset state

Power-on reset

ource clocR
oscillation stabiliza

tion wait and rese
state

Source
clock oscillation
stabilization wait
state

Main sleep

PLL cock mode

<8> <9> (61{7] <4>

Main
clock reset
state

clock reset
state

Figure 5.6-1 Status change diagram
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m Low power consumption mode operating states
Table 5.6-1 lists the operating states of low power consumption mode.

Table 5.6-1 Low power consumption mode operating states

Low power Condition Oscil- Release
consumption for . Clock CPU Peripheral Pin
. lation event
mode transition
. MCS =1 . . . . . Reset or
Main sleep SLP=1 Active Active Inactive Active Active interrupt
MCS =0 . . . . . Reset or
PLL sleep SLP=1 Active Active Inactive Active Active interrupt
Timebase timer MCS =0 . . . . Reset or
(SPL = 0) STP=1 Active Inactive Inactive Inactive Hold interrupt
Timebase timer MCS =0 Active Inactive Inactive Inactive Hi-z Reset or
(SPL=1) STP=1 interrupt
_ MCS=1 . . . . Reset or
Stop (SPL =0) STP=1 Inactive Inactive Inactive Inactive Hold interrupt
_ MCS =1 . . . . . Reset or
Stop (SPL =1) STP=1 Inactive Inactive Inactive Inactive Hi-z interrupt

e Clock mode switching and release (excluding standby mode)
Table 5.6-2 lists clock mode switching and release.

Table 5.6-2 Clock mode switching and release

Transition Conditions

After power-on, transition to [1] Source clock oscillation stabilization wait interval ends. (Timebase
the main run state timer output)
[2] Resetinput has been cleared.

Reset during main run state [3] External reset, software reset, or watchdog timer reset

Transition from main run [4] MCS =0 (After PLL clock oscillation stabilization wait, switch to PLL
state to PLL run state clock) (*1)

Return to main run state from | [5] MCS =1 (PLL clock deactivated)
PLL run state

Reset during PLL run state [6] External reset or software reset ([7] After reset, return to PLL run
state)
[8] Watch dog reset ([3] After reset, return to main run state)

*1The microcontroller operates using the main clock during the PLL clock oscillation stabilization
wait state.
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e Switching to and release from standby mode

Table 5.6-3 lists switching to and release from standby mode.

Table 5.6-3 Switching to and release of standby mode

Transition

Conditions

Transition to main sleep
mode

[1] SLP =1, MCS = 1 (Transition from main run state)
[2] SLP =1, MCS = 1 (Transition from PLL run state)

Release of main sleep mode

[3] Interrupt input
[4] External reset

Transition to stop mode

[5] STP =1, MCS = 1 (Transition from main run state)
[6] STP =1, MCS =1 (Transition from PLL run state)

Release of stop mode

[7] Interruptinput ([10] indicates return to main run state after oscillation
stabilization wait.)

[8] External reset ([9] indicates external reset during oscillation stabili-
zation wait state.)

Transition to PLL sleep mode

<1>SLP =1, MCS = 0 (Transition from PLL run state)
<2>SLP =1, MCS = 0 (Transition from main run state, switch to PLL
clock after PLL clock oscillation stabilization wait) (*1)

Release of PLL sleep mode

<3>Interrupt input
<4>External reset

Transition to timebase timer
mode

<5>STP =1, MCS = 0 (Transition from PLL run state)
<6>STP =1, MCS = 0 (Transition from main run state, switch to PLL
clock after PLL clock oscillation stabilization wait) (*1)

Release of timebase timer
mode

<7>Interrupt input(*1)
<8>External reset (<9> After reset, return to PLL run state) (*1)

*1The microcontroller operates using the main clock during the PLL clock oscillation stabilization

wait state.
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5.7 Status of Pins in Standby Mode and Reset

The statues of pins in standby mode and reset are summarized below for each memory
access mode.

m Software pull-up resistor

For pins with a pull-up resistor selected by software, the pull-up resistor is disconnected during
“L” level output.

m Status of pins in single-chip mode
Table 5.7-1 lists the state of pins in single-chip mode.

Table 5.7-1 State of pins in single-chip mode

Standby mode
Pin name Stop Reset
Sleep
SPL=0 SPL=1
P00 to PO7
P17
P20 to P27 i-l;]hes?;ifsefs' Input shut
P30 to P37 h d- 9¢ off/output
The prece retained. ) -

P40 to P47 in . Hi-z (*3) Input disabled/

g status Is (*2) output Hi-z (*1)
P50 to P57 retained. (*2) P
P60 to P62
P10to P16 .
P63 Input enabled (*1)

*1"Input enabled" means that the input function is enabled. Select either the pull-up or the pull-
down option. Alternatively, an external input is required. Pins used as output ports are the
same as other ports.

*2"The preceding status is retained" means that the status of the pin output existing immediately
before switching to this mode is retained. Note that input is disabled if the preceding status
was input.

« "Status of the pin output is retained" means that the pin retains the value output from an
operating internal peripheral unit or the value output from the port if the pin is used as a
port.

« "Input disabled" means that the input to the pin is not accepted because the internal circuit
is inactive, although operation of the input gate adjacent to the pin is enabled.

*3"Input shut off" indicates the state in which operation of the input gate adjacent to the pin is
disabled. "Output Hi-z" means that the pin state is high-impedance because driving of the
pin driving transistor is disabled.
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5.8 Notes on Using Low Power Consumption Mode

Note the following six items to use low power consumption mode:

Switching to standby mode and interrupts
Release of standby mode by an interrupt
Setting of standby mode

Release of stop mode

Release of timebase timer mode
Oscillation stabilization wait time

m Notes on standby mode

116

e Switching to standby mode and interrupts

During an interrupt request to the CPU from a peripheral function, the CPU ignores the STP and
SLP bits of the low power consumption mode control register (LPMCR) even though “1” has
been written to these bits. Thus, switching to any standby mode is disabled (even after
processing the interrupt is completed, there is no switch to standby mode). If the interrupt level is
7 or a higher priority, this action does not depend on whether the interrupt request is accepted
by the CPU.

However, during execution of interrupt processing by the CPU, if the interrupt request flag for the
interrupt is cleared and no other interrupt requests have been issued, switching to standby mode
can be done.

Release of standby mode caused by an interrupt

If an interrupt request of interrupt level 7 or a higher priority is issued from a peripheral function
during the sleep, timebase timer, or stop modes, the standby mode is released. This action does
not depend on whether the CPU accepts that interrupt.

After the release of standby mode, normal interrupt processing is performed. The CPU branches
to the interrupt handling routine provided that the priority of the interrupt request indicated by the
interrupt level setting bits (IL2, IL1, and ILO of ICR) is higher than the interrupt level mask
register (ILM); and the interrupt enable flag (I) of the condition code register (CCR) is set to “1”
(enabled). If the interrupt is not accepted, the CPU starts the execution with the instruction that
follows the instruction in which switching to standby mode was specified.

When interrupt processing is executed normally, the CPU first executes the instruction that
follows the instruction in which switching to standby mode was specified. The CPU then
proceeds to interrupt processing. Depending on the condition when switching to standby mode
was performed, however, the CPU may proceed to interrupt processing before executing the
next instruction.

If the CPU should not branch to the interrupt processing routine immediately on return to normal
mode from standby mode, action must be taken to disable interrupts before standby mode is set.

Setting of standby mode

When “1” is written to the STP bit and SLP bit of LPMCR at the same time, switching to standby
mode is performed. If the MCS bit of the clock selection register (CKSCR) is “0”, switching to
timebase timer mode is performed; if this bit is 1, switching to stop mode is performed.
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m Release of stop mode

If an external interrupt is used to release stop mode, the input request level must be “H”. Do not
use an “L” level request because it may cause a malfunction. Edge requests do not result in a
return from the standby state in a mode in which the clock has stopped.

m Release of timebase timer mode

m  Oscillation

When timebase timer mode is released, the microcontroller is placed in the PLL clock oscillation
stabilization wait state. If the PLL clock is not used, change the MCS bit of the clock selection
register (CKSCR) to “1” with the instruction that is to be executed immediately after a reset or on
return from an interrupt.

If an external interrupt is used to release timebase timer mode, the input request level must be
“H”. An “L” level request may cause a malfunction. Edge requests do not result in a return from
the standby state in a mode in which the clock has stopped.

stabilization wait interval

Source clock oscillation stabilization wait interval

Because the oscillator for source oscillation is halted in stop mode, an oscillation stabilization
wait interval is required. A time period selected by the WS1 and WSO bits of CKSCR is used as
the oscillation stabilization wait interval.

PLL clock oscillation stabilization wait interval

The CPU may be working with the main clock and the PLL clock may be stopped. If the
microcontroller will enter a mode in which the CPU and peripheral functions work with the PLL
clock, the PLL clock initially enters the oscillation stabilization wait state. In this state, the CPU
still operates using the main clock.

The PLL clock oscillation stabilization wait interval is fixed at 2"*/HCLK (HCLK: oscillation clock
frequency).

However, this interval may range from 2°%/HCLK to 3 x 2®/HCLK depending on the status of the
timebase timer, if the timebase timer is not cleared before the PLL clock oscillation stabilization
wait state is entered. (For example, return to the PLL run state from timebase timer mode occurs
because of an external reset.)
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CHAPTER 6 INTERRUPTS

This chapter explains the interrupts and extended intelligent I/O service (EIFOS) in the
MB90560 series.
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6.1 Interrupts

This chapter explains the interrupts and extended intelligent I/O service (EFOS) in the
MB90560 series.

» Hardware interrupts

« Software interrupts

 Interrupts from extended intelligent 1/O service (EI  ?0S)
« Exception processing

m Interrupt types and functions

e Hardware interrupt

A hardware interrupt transfers control to a user-defined interrupt processing program in response
to an interrupt request from a peripheral function.

e Software interrupt

A software interrupt transfers control to a user-defined interrupt processing program triggered by
the execution of a dedicated software interrupt instruction (such as the INT instruction).

e Interrupt from extended intelligent 1/O service (EIFOS)

The EIPOS function automatically transfers data between a peripheral function and memory.
Data transfer, which has ordinarily been executed by an interrupt processing program, can be
handled like a direct memory access (DMA). When the specified number of data transfers has
been terminated, the interrupt processing program is automatically executed.

An instruction from EI°OS is a type of hardware interrupt.

e EXxception processing

Exception processing is basically the same as an interrupt. When an exception event (execution
of an undefined instruction) is detected on the instruction boundary, ordinary processing is
interrupted and exception processing is performed. This is equivalent to software interrupt
instruction INT10.
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Interrupt operation

Figure 6.1-1 shows the activation and return processing for the four types of interrupt functions.
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6.2 Interrupt Causes and Interrupt Vectors

The F*MC-16LX can handle 256 types of interrupt causes. The 256 interrupt vector
tables are allocated to the memory at the highest addresses. These interrupt vectors
are shared by all interrupts.

Software interrupts can use all these interrupt vectors (INTO to INT256). Software
interrupts share some interrupt vectors with the hardware interrupts and exception
processing interrupts. Hardware interrupts used a fixed interrupt vector and interrupt
control register (ICR) for each peripheral function.

m Interrupt vectors

CHAPTER 6

Interrupt vector tables referenced during interrupt processing are allocated to the highest
addresses in the memory area (“FFFCO0H" to “FFFFFFH"). Interrupt vectors share the same area
with EI’OS, exception processing, hardware, and software interrupts.

Table 6.2-1 shows the assignment of interrupt numbers and interrupt vectors.

Table 6.2-1 Interrupt vectors

Software
interrupt vector Vector vector Mode data Interrupt Hardware interrupt
instruction address L | address M | address H No.
INTO FFFFFCH FFFFFDH FFFFFEH Not used #0 None
INT7 FFFFEOH FFFFE1H FFFFE2H Not used #7 None
INT8 FFFFDCH FFFFDDH FFFFDEH | FFFFDFH #8 (RESET vector)
INT9 FFFFD8H FFFFD9H FFFFDAH Not used #9 None
INT10 FFFFD4H FFFFD5H FFFFD6H Not used #10 <Exception processing>
INT11 FFFFDOH FFFFD1H FFFFD2H Not used #11 Hardware interrupt #0
INT12 FFFFCCH FFFFCDH FFFFCEH Not used #12 Hardware interrupt #1
INT13 FFFFC8H FFFFCOH FFFFCAH Not used #13 Hardware interrupt #2
INT14 FFFFC4H FFFFC5H FFFFC6H Not used #14 Hardware interrupt #3
INT254 FFFCO04H FFFCO5H FFFCO6H Not used #254 None
INT255 FFFCOOH FFFCO1H FFFCO2H Not used #255 None
Reference

Unused interrupt vectors should be set as the exception processing address.

INTERRUPTS
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m Interrupt causes and interrupt vectors/interrupt control registers

Table 6.2-2 shows the relationship between interrupt causes (excluding software interrupts),
interrupt vectors, and interrupt control registers.

Table 6.2-2 Interrupt causes, interrupt vectors, and interrupt control registers

Interrupt control

Interrupt vector . P
EI’OS register Priority
Interr
terrupt cause support *2)
Number Address ICR Address
Reset #08 08H FFFFDCH - - High

#09 09+ FFFFD8H - -

#10 OAH FFFFD4H - -

#11 0BH FFFFDOH ICR0O 0000BOH
#13 0DH FFFFC8H
#14 OEH FFFFC4H
#15 OFH FFFFCOH
#16 10H FFFFBCH
#17 11n FFFFB8H
#18 12u FFFFB4H
#19 13H FFFFBOH
#20 14n FFFFACH
#21 15H FFFFA8H
#22 16H FFFFA4H
#23 17w FFFFAOH
#24 18H FFFFOCH
#25 19H FFFFO8H
#26 1AH FFFF94H
#27 1BH FFFFOOH
#28 1CH FFFF8CH
#29 1DH FFFF88H
#30 1EH FFFF84H
#31 1FH FFFF80H
#32 201 FFFF7CH
#33 21H FFFF78H
#34 22 FFFF74n
#35 231 FFFF70H
#36 244 FFFF6CH
#37 251 FFFF68H

INT9 instruction

A
Exception processing

A/D converter conversion termination

Output compare channel 0 match
8/16-bit PPG timer O counter borrow

ICRO1 0000B1H(*1)

Output compare channel 1 match
8/16-bit PPG timer 1 counter borrow

ICR02 0000B2+(*1)

Output compare channel 2 match
8/16-bit PPG timer 2 counter borrow

ICRO3 0000B3H(*1)

Output compare channel 3 match
8/16-bit PPG timer 3 counter borrow

ICR04 0000B4+(*1)

Output compare channel 4 match
8/16-bit PPG timer 4 counter borrow

ICRO5 0000B5H(*2)

Output compare channel 5 match
8/16-bit PPG timer 5 counter borrow

ICR06 0000B6H(*1)

DTP/external interrupt channels 0/1 detection

- - ICRO7 0000B7H(*1)
DTP/external interrupt channels 2/3 detection

DTP/external interrupt channels 4/5 detection

- - ICRO8 0000B8H(*1)
DTP/external interrupt channels 6/7 detection

8-bit timer 0/1/2 counter borrow

- - ICR09 |0000B9H(*1)
16-bit reload timer 0 underflow

16-bit free-running timer overflow

- - ICR10 |0000BAH(*1)
16-bit reload timer 1 underflow

Input capture channels 0/1

- — ICR11 |0000BBH(*1)
16-bit free-running timer clear

Input capture channels 2/3

- - ICR12 |0000BCH(*1)
Timebase timer

UART1 receive

ICR13 |0000BDH(*1)

UART1 send #38 26H FFFF64H
UARTO receive #39 27H FFFF60H

ICR14 |0O00BEH(*1)
UARTO send #40 28H FFFF5CH

Flash memory status

#41 291 FFFF58H
ICR15 |0000BFH(*1)
#42 2AH FFFF54H Low

X [X |BP|O>|@®|% [D|x|B|o|x|o|x|B>|(>|>|>|>|>|>|>|>|>|D>|D|(>|D>|D|(D>|o|Xx|x|x

Delayed interrupt generator module

0:Can be used.

x:Cannot be used.

®©:Usable if used with the EIOS stop function.

A:Usable when an interrupt cause that shares the ICR is not used.

*1- For peripheral functions that share the ICR register, the interrupt level will be the same.

- If the extended intelligent I/O service is to be used with a peripheral function that shares the ICR register with
another peripheral function, the service can be used only for one of the functions.

- If the extended intelligent 1/O service is specified for a peripheral function that shares the ICR register with another
peripheral function, interrupts are disabled for the other peripheral function sharing the ICR register.*1

*2  This priority is applied when interrupts of the same level occur simultaneously.
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6.3 Interrupt Control Registers and Peripheral Functions

Interrupt control registers (ICROO to ICR15) are located inside the interrupt controller.
The interrupt control registers correspond to all peripheral functions that have the
interrupt function. These registers control interrupts and the extended intelligent I/O
service (EI’OS).

m Interrupt control registers
Table 6.3-1 lists the interrupt control registers and corresponding peripheral functions.

Table 6.3-1 Interrupt control registers

Address Register Abbreviation Corresponding peripheral function
0000BOH |Interrupt control register 00 ICROO A/D converter

0000B1H |Interrupt control register 01 ICRO1 Output compare 0, 8/16-bit PPG timer 0
0000B2H |Interrupt control register 02 ICRO2 Output compare 1, 8/16-bit PPG timer 1
0000B3H |Interrupt control register 03 ICRO3 Output compare 2, 8/16-bit PPG timer 2
0000B4+ |Interrupt control register 04 ICR0O4 Output compare 3, 8/16-bit PPG timer 3
0000B5H |Interrupt control register 05 ICRO5 Output compare 4, 8/16-bit PPG timer 4
0000B6H |Interrupt control register 06 ICRO6 Output compare 5, 8/16-bit PPG timer 5
0000B7H |Interrupt control register 07 ICRQO7 DTP/external interrupts 0, 1, 2, 3
0000B8H |Interrupt control register 08 ICRO8 DTP/external interrupts 4, 5, 6, 7
0000B9H |Interrupt control register 09 ICRO9 8-bit timers 0, 1, 2,

16-bit reload timer 0

16-bit free-run timer overflow,

0000BAH |Interrupt control register 10 ICR10 16-bit reload timer 1

. Input capture 0, 1,
0000BBH |Interrupt control register 11 ICR11 16-bit free-run timer clear
0000BCH [Interrupt control register 12 ICR12 Ipput Cap“%re 2,3,

timebase timer

0000BDH |Interrupt control register 13 ICR13 UART1
0000BEH |Interrupt control register 14 ICR14 UARTO
0000BFH |Interrupt control register 15 ICR15 Flash memory,

delayed interrupt generator module

m Interrupt control register functions
All interrupt control registers (ICR) do the following:

« Set the interrupt level of the corresponding peripheral function.

» Select ordinary interrupts or the extended intelligent I/O service as interrupts of the
corresponding peripheral function.

» Select an extended intelligent I/O service (EI°OS) channel
« Display the status of the extended intelligent I/O service (EI?OS)

Some of the functions of the interrupt control registers (ICR) differ during writing and reading, as
shown in Figures 6.3-1 and 6.3-2.
<Check>
Do not use a read-modify-write instruction to access the interrupt control registers (ICR),
since operation will not be correct.
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6.3 Interrupt Control Registers and Peripheral Functions

6.3.1 Interrupt control registers (ICR00 to ICR15)

Interrupt control registers correspond to all peripheral functions that have the interrupt
function. The interrupt control registers control the processing when an interrupt
request occurs. The functions of these registers partially differ at writing and reading.

m Interrupt control registers (ICR0O to ICR15)

During writing ICR
bit7 bt  bit5  bit4 bit3 bit2  bitl  bit0

Address Initial value

000080y ’|css ‘ |csz‘ ICs1 ‘ |cso‘ ISE ‘ IL2 ‘ IL1 ‘ ILO ‘ 00000111p

ooosey W W W W RW RW RW RW

I I
IL2 | IL1 | ILO Interrupt level setting bit
0 0 0 Interrupt level 0 (highest)
0 0 1
0|1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1 Interrupt level 7 (no interrupt)
L |ISE EI20S enable bit

0 Activates the interrupt sequence when an interrupt occurs

1 Activates EI20S when an interrupt occurs

EI20S channel selection bit
ICS3 |ICS2|ICS1|ICSO
Channel Descriptor address

0 0 0 0 0 000100y

0 0 0 1 1 000108,

0 0 1 0 2 000110y

0 0 1 1 3 000118,

o 1] 0]|o0 4 000120,

0 1 0 1 5 000128,

0 1 1 0 6 000130y

0 1 1 1 7 000138,

1 0 0 0 8 000140y

1|1 0] 0|1 9 000148,

1 0 1 0 10 000150y

1 0 1 1 11 000158,

1 1 0 0 12 000160y
R/W:  Read/write
W Write-only 1 1 0 1 13 000168y,
|:|: Initial value 1 1 1 0 14 000170y,

1 1 1 1 15 000178,

Figure 6.3-1 Interrupt control registers (ICROO to ICR15) during writing
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During reading ICR

Initial value
XX000111B

Interrupt level setting bit

Interrupt level O (highest)

Interrupt level 7 (no interrupt)

EI20S enable bit

Activates the interrupt sequence when an interrupt occurs

Activates EI20S when an interrupt occurs

EI20S status

EI20S operation in progress or EI20S not activated

Stopped status due to count termination

Reserved

bit7  bit6 bit5  bit4 bit3 bit2  bitl bit0
Address
0000B0y - - S1 SO0 ISE | IL2 IL1 ILO
to
R R RW R/W R/W R/W
0000BFH L
|:> IL2 | IL1 | ILO
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1
5 | ISE
0
1
L 5| S1 | SO
0 0
R/W: Read/write
R:  Write-only 0 1
- Not used
X: Undefined L 0
|:|: Initial value 1 1

Stopped status due to a request from the peripheral function

Figure 6.3-2 Interrupt control registers (ICR00 to ICR15) during reading
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6.3 Interrupt Control Registers and Peripheral Functions

6.3.2 Interrupt control register functions

The interrupt control registers (ICR0OO to ICR15) consist of the following four functional

bits:

* Interrupt level setting bits (IL2 to ILO)
» Extended intelligent I/O service (EI ?0S) enable bit (ISE)

» Extended intelligent I/O service (El

» Extended intelligent I/O service (EI 20S) status (S1 to SO)

?0S) channel selection bits (ICS3 to ICSO0)

m Configuration of interrupt control registers (ICR)

Figure 6.3-3 shows the configuration of the interrupt control register (ICR) bits.

Writing to interrupt control register (ICR)

Address
0000BOH bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 |nitial value
to |icsa]ics2]icsi[icso] 1se [ 2 i | 1o | 000001118
0000BFH "w w w W W W w w
Reading of interrupt control register (ICR)
Address bit7 bité bit5 bit4 bit3 bit2 bit1 bitd  |nitial value
0000BOH I — | — I S1 | S0 | |SE| |L2| Lt , ||_o—| XX000111s
1o — — R R R R R R
0000BFH
R: Read-only
W: Write-only
- . Not used

Figure 6.3-3 Configuration of interrupt control registers (ICR)

Reference

The ICS3 to ICSO bits are valid only when the extended intelligent I/O service (EIPOS) has
been activated. To activate EI’OS, set the ISE bit to 1. To not activate EI’OS, set the ISE

bit to 0. When EI’OS is not activated, setting ICS3 to ICSO0 is optional.

ICS1 and ICSO0 are valid only for writing. S1 and SO are valid only for reading.

m Interrupt control register functions
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Interrupt level setting bits (IL2 to ILO)

INTERRUPTS

These bits set the interrupt level of the corresponding peripheral function. These bits are
initialized to level 7 (no interrupts) by a reset.

Table 6.3-2 shows the correspondence between the interrupt level setting bits and interrupt
levels.
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Table 6.3-2 Correspondence between the interrupt level setting bits and interrupt levels

IL2 IL1 ILO Interrupt level
0 0 0 0 (highest priority)
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0 6 (lowest priority)
1 1 1 7 (no interrupts)

e Extended intelligent I/O service (EI’OS) enable bit (ISE)

If this bit is “1” when an interrupt request is generated, EI’OS is activated. If this bit is “0” when
an interrupt request is generated, the interrupt sequence is activated. When the EIPOS
termination condition is met (when the S1 and SO bits are not 00s), the ISE bit is cleared. If the
corresponding peripheral function does not have the EI°OS function, the ISE bit must be set to
“0” by software. The ISE bit is initialized to “0” by a reset.

e Extended intelligent I/O service (EI’OS) channel selection bits (ICS3 to ICS0)

These write-only bits specify the EI°OS channel. The EIPOS descriptor address is determined
based on the value set here. The ICS bit is initialized to “00008"by a reset.

Table 6.3-3 shows the correspondence between the EI’OS channel selection bits and descriptor
addresses.

Table 6.3-3 Correspondence between the EI’OS channel selection bits and
descriptor addresses

ICS3 ICS2 ICS1 ICSO Selected channel Descriptor address
0 0 0 0 0 000100+
0 0 0 1 1 000108+
0 0 1 0 2 000110+
0 0 1 1 3 000118+
0 1 0 0 4 000120+
0 1 0 1 5 000128+
0 1 1 0 6 000130+
0 1 1 1 7 000138+
1 0 0 0 8 000140+
1 0 0 1 9 000148+
1 0 1 0 10 000150+
1 0 1 1 11 000158+
1 1 0 0 12 000160+
1 1 0 1 13 000168+
1 1 1 0 14 000170H
1 1 1 1 15 000178+
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e Extended intelligent I/O service (EI’OS) status bits (S1, S0)

These are read-only bits. When this value is checked at EI’OS termination, the operating status
and termination status can be distinguished. These bits are initialized to “008" by a reset.

Table 6.3-4 shows the relationship between the SO and S1 bits and the EI*OS status
Table 6.3-4 Relationship between EI’OS status bits and the EI’OS status

S1 SO EI’OS status

EI’OS operation in progress or EI?OS not activated
Stopped status due to count termination

Reserved
Stopped status due to a request from the peripheral function

R, [O|O
RO |O
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6.4 Hardware Interrupts

The hardware interrupt function temporarily interrupts the program being executed by
the CPU and transfers control to a user-defined interrupt processing program in
response to an interrupt signal from a peripheral function.

The extended intelligent I/O service (EI’OS) and external interrupts are executed as a
type of hardware interrupt.

m Hardware interrupts

Hardware interrupt function

The hardware interrupt function compares the interrupt level of the interrupt request signal output
by a peripheral function with the interrupt level mask register (ILM) in the CPU processor status
(PS). The function then references the contents of the | flag in the processor status (PS) through
the hardware and decides if the interrupt can be accepted.

When the hardware interrupt is accepted, the CPU internal registers are automatically saved on
the system stack. The currently requested interrupt level is stored in the interrupt level mask
register (ILM), and the function branches to the corresponding interrupt vector.

Multiple interrupts

Multiple hardware interrupts can be activated.

Extended intelligent I/O service (EI’OS)

EIPOS is an automatic transfer function between memory and 1/0. When the specified transfer
count has been completed, a hardware interrupt is activated. Multiple EI’OS activation is not

possible to occur. During EI’OS processing, all other interrupt requests and EIOS requests are
held.

External interrupt

An external interrupt (including wake-up interrupts) is accepted from a peripheral function
(interrupt request detection circuit) as a hardware interrupt.

Interrupt vector

Interrupt vector tables referenced during interrupt processing are allocated to memory at
“FFFCO0H" to “FFFFFFH". These tables are shared by software interrupts.

See Section 6.2, "Interrupt causes and Interrupt Vectors," for more information about the
allocation of interrupt numbers and interrupt vectors.
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m Hardware interrupt structure

Table 6.4-1 lists four mechanisms used for hardware interrupts. These four mechanisms must be
included in the program before hardware interrupts can be used.

Table 6.4-1 Mechanisms used for hardware interrupts

Mechanism Function
Peripheral function Interrupt gnable bit, interrupt Controls interrupt requests from a peripheral
request bit function
Interrupt controller Interrupt control register (ICR) Sets the interrupt level and controls EI"OS
Interrupt enable flag (1) Identifies the interrupt enable status
CPU Interrupt level mask register (ILM) Com_pares the request interrupt level and cur-
rent interrupt level
Microcode Executes the interrupt processing routine
“FFFCOOH" to “FFFFFFH" Stores the branch destination address for

Interrupt vector table

in memory interrupt processing
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m Hardware interrupt suppression

Acceptance of hardware interrupt requests is suppressed under the following conditions.

Hardware interrupt suppression during writing to the peripheral function control register
area

When data is being written to the peripheral function control register area, hardware interrupt
requests are not accepted. This prevents the CPU from making operational mistakes. The
mistakes may be caused if an interrupt request is generated during data is being written to the
interrupt control registers for a resource. The peripheral function control register area is not the I/
O addressing area at “000000+1" to “O000FFH", but the area allocated to the control register of the
peripheral function control register and data register.

Figure 6.4-1 shows hardware interrupt operation during writing to the built-in peripheral area

Instruction that writes to the peripheral function control register area

—_—

..... | [mova#os | | movioa | [mov Az2o000m|  [interrupt processing

T T T

An interrupt request  Does not branch Branches to
is generated here to the interrupt the interrupt

Figure 6.4-1 Hardware interrupt request while writing to the peripheral function
control register area

e Hardware interrupt suppression by interrupt suppression instruction

The ten types of hardware interrupt suppression instructions listed in Table 6.4-2 ignore interrupt
requests without detecting whether a hardware interrupt request exists.

Table 6.4-2 Hardware interrupt suppression instruction

Interrupts/hold suppression
Prefix code instructions (instructions that delay
the effect of the prefix code)

PCB
; DTB MOV  ILM, #imm8
g]csg;u?ilg?esrrt: attsd:ngokt\old ADB OR  CCR, #imm8
re USSIS P SPB AND CCR, #imm8
“ CMR POPW PS
NCC

Even if a valid hardware interrupt request is generated during execution of one of these
instructions, the interrupt is not processed until the first time an instruction of a different type is
executed.

Hardware interrupt suppression during execution of software interrupt

When a software interrupt is activated, the | flag is cleared to “0”. In this state, other interrupt
requests cannot be accepted.
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6.4 Hardware Interrupts

6.4.1 Operation of hardware interrupts

This section explains hardware interrupt operation from generation of a hardware
interrupt request to the completion of interrupt processing.

m Hardware interrupt activation

e Peripheral function operation (generation of an interrupt request)

A peripheral function that has a hardware interrupt request function also has an interrupt request
flag that indicates the presence of interrupt requests and an interrupt enable flag that determines
whether CPU interrupt requests are enabled or disabled. The interrupt request flag is set when
an event specified by the peripheral function occurs.

Interrupt controller operation (interrupt request control)

When two or more interrupt requests are received at the same time, the interrupt controller
compares their interrupt levels (IL) in their interrupt requests register. The interrupt controller
selects the request with the highest level (with the smallest IL value) and posts it to the CPU.
When multiple requests have the same level, the request with the smallest interrupt number has
the highest priority.

CPU operation (interrupt request acceptance and interrupt processing)

The CPU compares the received interrupt level (ICR: IL2 to ILO) and the interrupt level mask
register (ILM). If IL < ILM and interrupts are enabled (PS: CCR: | = 1), the CPU activates the
interrupt processing microcode after the instruction currently being executed terminates.

At the beginning of the interrupt processing microcode, the CPU checks the ISE bit in the
interrupt control register (ICR). If ISE = 0, the CPU continues the execution of interrupt
processing. (If ISE = 1, EI’OS is activated.)

Interrupt processing saves the contents of the dedicated registers (12 bytes including A, DPR,
ADB, DTB, PCB, PC, and PS) on the system stack (the system stack space indicated by the
SSB and SSP).

The CPU then loads data into the interrupt vector program counters (PCB and PC), updates the
ILM, and sets the stack flag (S) (sets CCR: S =1 and activates the system stack).

m Returning from a hardware interrupt

136

In an interrupt processing program, when the interrupt request flag of the peripheral function that
generated the interrupt cause is cleared and the RETI instruction is executed, 12-byte data
saved on the system stack is restored to the dedicated registers and the processing that was
being executed before branching for the interrupt is resumed.

When the interrupt request flag is cleared, interrupt requests output by the peripheral function to
the interrupt controller are automatically canceled.
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m Hardware interrupt operation

Figure 6.4-2 shows hardware interrupt operation from generation of a hardware interrupt to the
completion of interrupt processing.

Internal bus
< [ Pspc- - [ps i w 7]
0 Microcode IR [
6) Check Comparato_r]
F2MC-16L.CPU (5) (4)
i 4 (3)
DiopgrPhera
Peripheral function that generated
the interrupt request : Level Interrupt
Enable FFj—] comparator| level IL
> AND >
(8') Factor FF [~ (2)
(1)
Interrupt controller
—
g v RAM

IL:  Interrupt level setting bit in the interrupt control register (ICR)
PS: Processor status

I: Interrupt enable flag

ILM: Interrupt level mask register

IR: Instruction register

FF: Flip-flop

Figure 6.4-2 Hardware interrupt operation

(1) An interrupt cause is generated by the peripheral function.

(2) The interrupt enable bit of the peripheral function is checked. If the interrupt is enabled, the
interrupt request is sent from the peripheral function to the interrupt controller.

(3) The interrupt controller determines the priority of simultaneous interrupt requests, then
transfers the interrupt level (IL) that matches the corresponding interrupt request to the CPU.

(4) The CPU compares the interrupt level (IL) requested by the interrupt controller with the
interrupt level mask register (ILM).

(5) If the comparison indicates a higher priority than the current interrupt processing level, the
CPU checks the contents of the | flag in the condition code register (CCR).

(6) If in the check in (5) shows that the | flag is interrupt enabled (I = 1), the CPU waits until the
execution of the instruction currently being executed terminates. At termination, the CPU
sets the requested level (IL) in the ILM.

(7) Registers are saved, and processing branches to the interrupt processing routine.

(8) The interrupt cause that was generated in (1) is cleared by software in the interrupt
processing routine. Execution of the RETI instruction terminates the interrupt processing.
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6.4 Hardware Interrupts

6.4.2 Processing for interrupt operation

When an interrupt request is generated by the peripheral function, the interrupt
controller transmits the interrupt level to the CPU. If the CPU is able to accept
interrupts, the interrupt controller temporarily interrupts the instruction currently being
executed. The interrupt controller then executes the interrupt processing routine or

activates the extended intelligent I/O service (EIFOS).

If a software interrupt is generated by the INT instruction, the interrupt processing
routine is executed regardless of the CPU status. In this case, hardware interrupts are

not allowed.

m Processing for interrupt operation

Figure 6.4-3 shows the flow of processing for interrupt operation.

I&IF&IF=1
AND

instruction in-- - -

. LM>IL ‘ Interrupt activation/return processing
String type (*1) b e e e e e

INT Software inter-

rupt/exception

prpgress 3 3 3
| | ISE=1 YES |
: Fetch the next instruction Lo = i
i [ 2, '
' and deode [ EI20S :

instruction?

processing

[
D
D Hardware
NO ! 1 | Save the dedicated registers
' 1 | tothe system stack (e YES
[
! '

| <- O (Disable hardware Save the dedicated
interrupts) registers to the system stack

L

ILM <- IL (Transfer the
interrupt level of the accepted
interrupt request to the ILM)

|

YES | |
Lo Return L
v processing S <- 1 (Activates the

RETI
instruction?

system stack)

Return the dedicated
- - - registers from the system J/
Execute ordinary instruction stack, call the interrupt PCB, PC < interrupt
(including interrupt processing) routine, and return to the vector (Branch to the
;”””””””””> ! 3 previous routine interrupt processing routine)

Repetition
of string type (*1) instruction
completed?

YES

Move the pointer to the next
instruction by PC update

Specified
count terminated? Alter-
natively, is there a termination
\’/ request from the peripheral
function?

*1 When a string type instruction is being executed, the interrupt is evaluated in each step.
I: Interrupt enable flag of the condition code register (CCR)

IF: Interrupt request flag of the peripheral function S: Stack flag of the condition code register (CCR)
IE: Interrupt enable flag of the peripheral function PCB: Program bank register

ILM: Interrupt level mask register (in the PS) PC: Program counter:

ISE: EI?2OS enbale flag ofthe interruptor control register (ICR)

IL: Interrupt level setting bit of the interrupt control register (ICR)

Figure 6.4-3 Flow of interrupt processing
138 CHAPTER 6 INTERRUPTS

MB90560 series



6.4 Hardware Interrupts

6.4.3 Procedure for using hardware interrupts

Before hardware interrupts can be used, the system stack area, peripheral function,
and interrupt control register (ICR) must be set.

m Procedure for using hardware interrupts

Figure 6.4-4 shows an example of the procedure for using hardware interrupts.

@ ’ Set the system stack area ‘

@ ’ Initialize the peripheral function ‘ Interrupt processing program
3) | Setthe ICR in the interrupt Stack processing branches to (8) | Processing for interrupt to the
controller the interrupt vector peripheral function (execute the
\L o interrupt processing routine)
Hardware J/
@ Set operation start for the processing
peripheral function. Set the ) Clear the interrupt cause

interrupt enable bit to enable

J

(5) | Setthe ILM and | in the PS 10) Interrupt return instruction

\L (RETI)

Main program

Interrupt request
generated

Figure 6.4-4 Procedure for using hardware interrupts
(1) Setthe system stack area.
(2) Initialize a peripheral function that can generate interrupt requests.
(3 Setthe interrupt control register (ICR) in the interrupt controller.

(4) Set the peripheral function to the operation start status, and set the interrupt enable bit to
enable.

(5) Set the interrupt level mask register (ILM) and interrupt enable flag (I) to interrupt
acceptable.

(6) An interrupt generated in the peripheral function causes a hardware interrupt request.

(7) The interrupt processing hardware saves the registers and branches to the interrupt
processing program.

(8) The interrupt processing program processes the peripheral function in response to the
generated interrupt.

(9) Clear the peripheral function interrupt request.
(10) Execute the interrupt return instruction, and return to the program location before branching.

MB90560 series CHAPTER 6 INTERRUPTS 139



6.4 Hardware Interrupts

6.4.4 Multiple interrupts

Multiple hardware interrupts can be implemented by setting different interrupt levels in
the interrupt level setting bits (ILO, IL1, IL2) of the interrupt control register (ICR) in
response to multiple interrupt requests from peripheral functions. Use of multiple
interrupts, however, is not possible with the extended intelligent 1/O service.

m Multiple interrupts

140

e Operation of multiple interrupts

During execution of an interrupt processing routine, if an interrupt request with a higher-priority
interrupt level is generated, the current interrupt processing is interrupted and the interrupt
request with the higher-priority interrupt level is accepted. When the interrupt request with the
higher-priority interrupt level terminates, the CPU returns to the previous interrupt processing.

0 to 7 can be set as the interrupt level. If level 7 is set, the CPU does not accept interrupt
requests.

During execution of interrupt processing, if an interrupt request with the same or lower-priority
interrupt level is generated, the new interrupt request is held until the current interrupt terminates
unless the | flag or ILM is changed.

Other multiple interrupts to be activated during an interrupt can be temporarily disabled by
setting the | flag in the condition code register (CCR) in the interrupt processing routine to

interrupts not allowed (CCR: | = 0) or the interrupt level mask register (ILM) to interrupts not
allowed (ILM = 000).
<Check>

The extended intelligent I/O service (EI’OS) cannot be used for the activation of multiple
interrupts. During processing of the extended intelligent 1/0O service (EI’OS), all other interrupt
requests and extended intelligent I/O service requests are held.

Example of multiple interrupts

This example of multiple interrupt processing assumes that a timer interrupt is given a higher
priority than an A/D converter interrupt. In this example, the A/D converter interrupt level is set to
2, and the timer interrupt level is set to 1. If a timer interrupt is generated during processing of
the A/D converter interrupt, the processing shown in Figure 6.4-5 is performed.
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Main program A/D interrupt processing Timer interrupt processing

Interrupt level 2
(ILM = 010)
Peripheral initialization (1)

Interrupt level 1
(ILM = 001)

(3) Timer interrupt

A/D interrupt generated (2) generated

Interrupted (4) Timer interrupt processing

Restart
Main processing restarts (8)

(6) A/D interrupt

processing (8) Timer interrupt return

('Il) A/D interrupt return

Figure 6.4-5 Example of multiple interrupts

O A/D interrupt generated

When the A/D converter interrupt processing starts, the interrupt level mask register (ILM)
automatically has the same value (2 in the example) as the A/D converter interrupt level
(ICR: IL2 to ILO). If a level-1 or level-0 interrupt request is generated, this interrupt
processing has priority.

O Interrupt processing terminated

When the interrupt processing terminates and the return instruction (RETI) is executed,
the values of the dedicated registers (A, DPR, ADB, DTB, PCB, PC, and PS) are returned
from the stack, and the interrupt level mask register (ILM) has the value that it had before
the interrupt.
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6.4 Hardware Interrupts

6.4.5 Hardware interrupt processing time

From the occurrence of a hardware interrupt request to the execution of an interrupt
processing routine, the time for the instruction currently being executed to terminate
and the time required to handle an interrupt are necessary.

m Hardware interrupt processing time

From the occurrence of a hardware interrupt request to the acceptance of the interrupt and to
the execution of an interrupt processing routine, the time to wait for sampling for an interrupt
request and the time required to handle an interrupt (time to prepare for interrupt processing) are
necessary. Figure 6.4-6 shows the interrupt processing time.

Ordinary instruction ) Interrupt processing
CPU operation execution Interrupt handling  routine

Interrupt request Interrupt handling time
Interrupt wait time sampling wait time (6 machine cycle) (*1)

A
Interrupt request generation

<= : The final instruction cycle samples the interrupt request here.
* . One machine cycle corresponds to one machine clock (¢).

Figure 6.4-6 Interrupt processing time

e Interrupt request sampling wait time

The interrupt request sampling wait time is the time from the occurrence of and interrupt request
to the termination of the instruction currently being executed.

Whether an interrupt request has been occurred is determined by sampling the instruction for an
interrupt request in the final cycle of the instruction. Consequently, the CPU cannot identify an
interrupt request during execution of each instruction creating a delay.

<Reference>

The interrupt request sampling wait time is the maximum when an interrupt request is
generated as soon as the POPW RWO, ... RW?7 instruction (45 machine cycles), which takes
the longest to execute, starts.
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e Interrupt handling time (6 machine cycle)

The CPU saves dedicated registers to the system stack and fetches interrupt vectors after it
receives an interrupt request. The required handling time for this processing is 6 machine cycles.
The interrupt handling time is calculated with the following formula:

When an interrupt is activated: 8 = 24 + 6 + Z machine cycles

When returning from an interrupt: 6 = 11 + 6 + Z machine cycles (RETI instruction)

The interrupt handling time is different depending on each address pointed to by the stack
pointer.
Table 6.4-3 shows the compensation values (Z) for the interrupt handling time.

Table 6.4-3 Compensation values (Z) for the interrupt handling time

Address pointed to by the stack pointer Compensation value (2)
External 8-bit +4
External even-numbered address +1
External odd-numbered address +4
Internal even-numbered address 0
Internal odd-numbered address +2
<Reference>

One machine cycle corresponds to one clock cycle of the machine clock ().
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6.5 Software Interrupts

When the software interrupt instruction (INT instruction) is executed, the software
interrupt function transfers control from the program being executed by the CPU to the
user-defined interrupt processing program. Hardware interrupts are disabled during
execution of a software interrupt.

m Software interrupt activation

e Software interrupt activation

The INT instruction is used to activate a software interrupt. There is no interrupt request flag or
enable flag for software interrupt requests. When the INT instruction is executed, an interrupt
request is always generated.

Hardware interrupt suppression

Since the INT instruction does not have interrupt levels, the interrupt level mask register (ILM) is
not updated. During the execution of the INT instruction, the | flag of the condition code register
(CCR) is set to “0”, and hardware interrupts are masked.

To enable hardware interrupts during software interrupt processing, set the | flag to “1” in the
software interrupt processing routine.

Software interrupt operation

When the CPU fetches the INT instruction, the software interrupt processing microcode is
activated. This microcode saves the internal CPU registers on the system stack, masks
hardware interrupts (CCR: | = 0), and branches to the corresponding interrupt vector.

<Reference>

See Section 6.2, "Interrupt Causes and Interrupt Vectors," in Chapter 6 for more information
about the allocation of interrupt numbers and interrupt vectors.

m Returning from a software interrupt

144

In the interrupt processing program, when the interrupt return instruction (RETI instruction) is
executed, the 12-byte data saved into the system stack is restored to the dedicated registers
and the processing that was being executed before branching for the interrupt is resumed.
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m Software interrupt operation

Figure 6.5-1 shows software interrupt operation from the occurrence of a software interrupt to
the completion of interrupt processing.

Internal bus

(1)[Ps||]s| ]
Queue} ~ Fetch]

PS: Processor status

I:  Interrupt enable flag
S: Stack flag

IR: Instruction register

Figure 6.5-1 Software interrupt operation

(1)A software interrupt instruction is executed.

(2)The dedicated registers are saved according to the microcode that corresponds to the
software interrupt instruction, and other necessary processing is performed. Branch
processing is then executed.

(3)The RETI instruction in the user interrupt processing routine terminates the interrupt
processing.

<Check>

When the program bank register (PCB) is FFH, the vector area of the CALLV instruction
overlaps the INT #vct8 instruction table. When creating the software, be careful of the
duplicated address of the CALLV instruction and INT #vct8 instruction.
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6.6 Interrupt of Extended Intelligent I/O Service (EI20S)

The extended intelligent I/O service (EFFOS) automatically transfers data between a
peripheral function (1/0) and memory. When the data transfer terminates, a hardware
interrupt is generated.

m Extended intelligent I/O service (EI’OS)

The extended intelligent 1/0 service is a type of hardware interrupt. It automatically transfers data
between a peripheral function (I/0) and a memory. Traditionally, data transfer with a peripheral
function (I/0O) has been performed by the interrupt processing program. EI?OS performs this data
transfer in the same way as direct memory access (DMA). At termination, EI’OS sets the
termination condition and automatically branches to the interrupt processing routine. The user
creates programs only for EI?°OS activation and termination. Data transfer programs in between
are not required.

e Advantages of extended intelligent I/O service (EI’OS)

Compared to data transfer performed by the interrupt processing routine, EI?OS has the
following advantages.

¢ Coding a transfer program is not necessary, reducing program size.

e Because transfer can be stopped depending on the peripheral function (I/O) status,
unnecessary data transfer can be eliminated.

* Incrementing or no updating can be selected for the buffer address.
¢ Incrementing or no updating can be selected for the 1/O register address.
e Extended intelligent I/O service (EI *0S) termination interrupt

When data transfer by EIPOS terminates, a termination condition is set in the S1 and SO bits in
the interrupt control register (ICR). Processing then automatically branches to the interrupt
processing routine.

The EI?OS termination factor can be determined by checking the EI°OS status (ICR: S1, S0) with
the interrupt processing program.

<Reference>

Interrupt numbers and interrupt vectors are permanently set for each peripheral. See Section
6.2, "Interrupt Causes and Interrupt Vectors," in Chapter 6 for more information.

e Interrupt control register (ICR)

This register, which is located in the interrupt controller, activates EIFOS, specifies the EI’OS
channel, and displays the (EI20S) termination status.

e Extended intelligent I/O service (EI *0S) descriptor (ISD)

This descriptor, which is located in RAM at “000100+” to “00017FH”", is an eight-byte data that
retains the transfer mode, 1/O address, transfer count, and buffer address. The descriptor
handles 16 channels. The channel is specified by the interrupt control register (ICR).

<Check>

When the extended intelligent I/O service (EI’OS) is operating, execution of the CPU program
stops.
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m Operation of the extended intelligent I/O service (EI’OS)
Figure 6.6-1 shows EI°OS operation.

Memory space

Peripheral

by I0A ——» [ .
_,I/O register{ vttt l . functon((sll)O)

CPU
Interrupt request %))
A 4
@) by ICS
2
ISD @ i Interrupt control register (ICR) l
(3)
Interrupt controller
by BAP >

(4) Ls} Buffer by DCT

ISD: EIPOS descriptor

IOA: 1/O address pointer

BAP: Buffer address pointer

ICS: EPPOS channel selection bit in the interrupt control register (ICR)
DCT: Data counter

Figure 6.6-1 Extended intelligent I/O service (EI’OS) operation

(DI/O requests transfer.

(2)The interrupt controller selects the descriptor.

(3)The transfer source and transfer destination are read from the descriptor.
(4)Transfer is performed between 1/0 and memory.

(5)The interrupt cause is automatically cleared.
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6.6 Interrupt of Extended Intelligent I/O Service (EI20S)

6.6.1 Extended intelligent I/O service (EI20S) descriptor (ISD)

The extended intelligent 1/0 service (EI’OS) descriptor (ISD) resides in internal RAM at
“000100H” to “00017F H". The ISD consists of 8 bytes x 16 channels.

m Configuration of the extended intelligent 1/O service (EI20S) descriptor (ISD)

The ISD consists of 8 bytes x 16 channels. Each ISD has the structure shown in Figure 6.6-2.
Table 6.6-1 shows the correspondence between channel numbers and ISD addresses.

Data counter upper 8 bits (DCTH) H

Data counter lower 8 bits (DCTL)

I/O register address pointer upper 8 b its (IOAH)

I/O register address pointer lower 8 b its (IOAL)

EI20S status register (ISCS)

Buffer address pointer upper 8 hits (BAPH)

Buffer address pointer middle 8 bits (BAPM)

First ISD address Buffer address pointer lower 8 bits (BAPL) L
(000100, + 8 X ICS)

Figure 6.6-2 Configuration of EI *0OS descriptor (ISD)

Table 6.6-1 Correspondence between channel numbers and descriptor addresses

Channel Descriptor address
0 000100+
1 000108+
2 000110+
3 000118+
4 000120+
5 000128+
6 000130+
7 000138+
8 000140+
9 000148+
10 000150+
11 000158+
12 000160+
13 000168+
14 000170H
15 000178+
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6.6 Interrupt of Extended Intelligent I/O Service (EI20S)

6.6.2 Registers of the extended intelligent I/O service (EI'OS)
descriptor (ISD)

The extended intelligent 1/0O service (EI?OS) descriptor (ISD) consists of the following
registers.

» Data counter (DCT)

» 1/O register address pointer (I0A)
» EIPOS status register (ISCS)

» Buffer address pointer (BAP)

Note that the initial value of each register is undefined after a reset.
m Data counter (DCT)

The DCT is a 16-bit register that serves as a counter for the data transfer count. After each data
transfer, the counter is decremented by 1. When the counter reaches zero, EI’OS terminates.

Figure 6.6-3 shows the configuration of the DCT.

DCTH DCTL
bitt5 bit14 b13 bit12 bitl1 bit10 bitd bt ‘bil7 bits bits bitd bit3 bi2 bitl B0 |pitial value

DCT|B15|B14|B13[B12]B11]B10[B0s|B08]B07|B06|BOS|B04|B03]B0Z| Bo1|BOO] X00KNXXKXIKXKKXXXE
AW AW AW AW ROW AW AW

R/W: Read-write
X: Undefined

Figure 6.6-3 Configuration of DCT

m 1/O register address pointer (IOA)

The 10A is a 16-bit register that indicates the lower address (A15 to AO) of the I/O register used
to transfer data to and from the buffer. The upper address (A23 to A16) is all zeros. Any 1/O from
“000000H" to “O0FFFFH” can be specified by address.

Figure 6.6-4 shows the configuration of the IOA.

I0AH IOAL 3
‘bitt5 bit14 bit13 bit12 bit11 bitt0 bitd bite ‘bit7 bit6 bit5 bitd bitd bit2 bit1 bitd*  Initial value
10A |A15|A14|A13|A12|A1 1[A1o|A09|Aoa]Ao7]A06|A05[A04|A03]A02|Ao1|Aoo| XXXXXXXXXXXXXXXXs
RW RW RW RW RW RW RW RW RW RW RW RW

R/W: Read-write
X: Undefined

Figure 6.6-4 Configuration of I/O register address pointer (I0OA)
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m Extended intelligent I/O service (EI’OS) status register (ISCS)

The ISCS is an 8-bit register. The ISCS indicates the update/fixed for the buffer address pointer
and 1/O register address pointer, transfer data format (byte or word), and transfer direction.

Figure 6.6-5 shows the configuration of the ISCS.

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bitd .

Initial value
RESV(RESVIRESV| IF | BW | BF | DIR | SE | XXXXXXXXs
AW RW RW RW RW RW RW RW

Tl

SE EI’0S termination control bit
O INot terminated by a request from the peripheral function.
1 JTerminated by a request from the peripheral function

> DIR Data transfer direction specification bit
0 | I/O register address pointer — buffer address pointer.
1 | Buffer address pointer — I/O register address pointer

BF BAP update/fixed selection bit
0 ] After data transfer, the buffer address pointer is updated. (*1)

1 | After data transfer, the buffer address pointer is not updated.

»| BW Transfer data length specification bit
0 |Byte
1 ] Word

> |IF IOA updatef/fixed selection bit

0 | After data transfer, the I/O register address pointer is updated. (J2)
1 | After data transfer, the buffer address pointer is not updated.

Y

RESV] Reserved bits
0 must be written to these bifs.

R/W: Read-write

X: Undefined

*1 Only the lower 16 bits of the buffer address pointer change. The buffer address pointer
can only be incremented.

*2 The address pointer can only be incremented.

Figure 6.6-5 Configuration of EI’OS status register (ISCS)

m Buffer address pointer (BAP)

The BAP is a 24-bit register that retains the address used by EI’OS for the next transfer. Since
one independent BAP exists for each EI’OS channel, each EIOS channel can transfer data
between any address in the 16-megabyte space and the I/O. If the BF bit (BAP update/fixed
selection bit in the EI’OS status register) in the EI’OS status register (ISCS) is set to "update
yes," only the lower 16 bits (BAPH, BAPL) of the BAP change; the upper 8 bits (BAPH) do not
change. Figure 6.6-6 shows the configuration of the BAP.
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bit23 0  bit16 bitt5 _ to  bit8 bit7  to b0 |nitial value
BAP BAPH BAPM l BAPL —I XXXXXX8
(RW) (R'W) (RW)

R/W: Read-write
X Undefined

Figure 6.6-6 Configuration of buffer address pointer (BAP)

Reference

» The area that can be specified by the I/O address pointer (IOA) extends from "000000H" to
“O0FFFFH".

e The area that can be specified with the buffer address pointer (BAP) extends from
"000000H" to "FFFFFFH".

« The maximum transfer count that can be specified by the data counter (DCT) is 65,536
(64 kilobytes).
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6.7 Operation of the extended intelligent 1/0O service (EI20S)

If an interrupt request is generated by a peripheral function, EI?OS activation is set in
the corresponding interrupt control register (ICR) that the CPU uses EFFOS to transfer
data. When the specified data transfer count terminates, the hardware interrupt is
automatically processed.

m Operation flow of the extended intelligent I/O service (EIPOS)

154

Figure 6.7-1 shows the flow of EI°OS operation based on the internal microcode of the CPU.

L N2 NZ
Clear interrupt request from \1/
the peripheral function ’ Clear ISE to 0 ‘
J N
’ Return to CPU operation ‘ ’ Interrupt sequence ‘
ISD: EI20S descriptor DCT: Data counter
ISCS: EI20S status register 10A: 1/0 register address pointer
IF: I0A update/fixed selection bit in the EI20S status register (ISCS) BAP: Buffer address pointer
BW: Transfer data length specification bit in the EI20S status register (ISCS) ISE: EI20S enable bit in the interrupt control
BF: BAP update/fixed selection bit in the EI20S status register (ISCS) register
DIR: Data transfer direction specification bit in the EI?OS status register (ISCS) S1, SO: EI20S status in the interrupt control
SE: EI20S termination control bit in the EI20S status register (ISCS) register (ICR)

Interrupt request generated
by peripheral function

NO

Termination
YES

.

Interrupt sequence ‘

request from peripheral
function

YES

NO

Data indicated by IOA
| (data transfer)
memory indicated by BAP

l

Data indicated by BAP
| (data transfer)
memory indicated by BAP

J

YES

L

Updage value
by BW ’

Update I0A ‘

T

YES

N

Updage value
by BW

Update BAP ‘

EI20S termination processing

’ Set S1 and SO to 00 ‘

’ Set S1 and SO to 01 ‘

’ Set Sl and SOto 11

Figure 6.7-1 Flow of extended intelligent I/O service (EI?OS) operation
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6.7 Operation of the extended intelligent I/O service (EI20S)

6.7.1 Procedure for using the extended intelligent I/O service

(EI20S)

Before the extended intelligent I/O service (EIPOS) can be used, the system stack area,
extended intelligent I/O service (EIPOS) descriptor, interrupt function, and interrupt

control register (ICR) must be set.

m Procedure for using the extended intelligent I/O service (EI’OS)

Figure 6.7-2 shows the EI’OS software and hardware processing.

Software processing ! Hardware processing

| Set the system stack area |

| Set the EI20S descriptor |

tion Initialize the peripheral

Initializa-
function |

Set the interrupt control
register (ICR)

1

Set the built-in peripheral to
start operation. Set the
interrupt enable bit

Set the ILM and | in the PS |

E (Interrupt request) s1, S0 = "00"
| Execute the user program I : and (ISE = 1)

Transfer data

il

Decide whether to end NO
counting or to branch to an
interrupt requested by the
resource

(Branch to intefrupt vector) T
r YES

\l, S1, S0 ="01"or

Set the extended intelligent S1,80="11"

1/0 service again (switch
channels)

|

| Process data in the buffer |

I

| RETI |

]

ISE: EI?0S enable bit in the interrupt control register (ICR) E
S1, SO: EI20S status of the interrupt control register (ICR) !

Figure 6.7-1 Procedure for using the extended intelligent 1/O service (EI’OS)
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6.7 Operation of the extended intelligent 1/O service (EI20S)

6.7.2 Processing time of the extended intelligent I/O service

(EI20S)

The time required for processing the extended intelligent I/O service (EIPOS) is varied
according to the following factors:

EI’OS status register (ISCS) setting

Because the hardware interrupt is activated when data transfer by El

Address (area) pointed by the I/O register address pointer (I0A)

Address (area) pointed by the buffer address pointer (BAP)
External data bus length for external access

Transfer data length

the interrupt handling time is needed to be considered.

’0OS terminates,

m Processing time (one transfer time) of the extended intelligent 1/0 service (EI’OS)
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e When data transfer continues

The EI*OS processing time for data transfer continuation is shown in Table 6.7-1 based on the
EI’OS status register (ISCS) setting.

Table 6.7-1 Extended intelligent 1/O service execution time

Terminates due to |Ignores termination
EI’OS termination control bit (SE) setting termination request | request from the
from the peripheral peripheral
IOA update/fixed selection bit (IF) setting Fixed Update Fixed Update
BAP address update/fixed selection bit Fixed 32 34 33 35
(BF) setting Update 34 36 35 37

Unit:Machine cycle (One machine cycle corresponds to one clock cycle of the machine clock (¢).

As shown in Table 6.7-2, compensation is necessary depending on the EI°OS execution
condition.

Table 6.7-2 Data transfer compensation value for EI’OS execution time

Internal access External access
I/O register address pointer
B/Even Odd B/Even 8/0dd
B/Even 0 +2 +1 +4
Internal access
Buffer address Odd +2 +4 +3 +6
pointer B/Even +1 +3 +2 +5
External access
8/0dd +4 +6 +5 +8

B:Byte data transfer
8:External bus using the 8-bit word transfer
Even:Even-numbered address word transfer
0dd:0dd-numbered address word transfer

CHAPTER 6
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e When the data counter (DCT) count terminates (final data transfer)

Because the hardware interrupt is activated when data transfer by EI’OS terminates, the
interrupt handling time is added. The EIFOS processing time when counting terminates is
calculated with the following formula:

EI’OS processing time when counting terminates = EI?OS processing time when data is
transferred + (21 + 6 x Z) Machine cycles
Interrupt handling time

The interrupt handling time is different for each address pointed to by the stack pointer. Table
6.7-3 shows the compensation value (Z) for the interrupt handling time.

Table 6.7-3 Interpolation value (Z) for the interrupt handling time

Address pointed to by the stack pointer Compensation value (2)
External 8-bit +4
External even-numbered address +1
External odd-numbered address +4
Internal even-numbered address 0
Internal odd-numbered address +2

e For termination by a termination request from the peripheral function (I/O)

When data transfer by EI’OS is terminated before completion due to a termination request from
the peripheral function (I/0) (ICR: S1, SO = 11), the data transfer is not performed and a
hardware interrupt is activated. The EI°OS processing time is calculated with the following
formula. Z in the formula indicates the compensation value for the interrupt handling time (Table

6.7-3).

EI’OS processing time for termination before completion =36 + 6 x Z Machine cycle

<Reference>

One machine cycle is equal to one clock cycle of the machine clock ().
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6.8 EXception Processing Interrupt

In the F"MC-16LX, the execution of an undefined instruction results in exception

processing.

Exception processing is basically the same as an interrupt. When the generation of an
exception processing is detected on the instruction boundary, ordinary processing is
interrupted and exception processing is executed.

Generally, exception processing occurs as the result of an unexpected operation.
Exception processing should be used only to activate recovery software required for
debugging or an emergency.

m Exception processing

158

e EXception processing operation

The F*MC-16LX handles all codes that are not defined in the instruction map as undefined
instructions. When an undefined instruction is executed, processing equivalent to the INT #10
software interrupt instruction is executed.

The following processing is executed before exception processing branches to the interrupt
routine:

e The A, DPR, ADB, DTB, PCB, PC, and PS registers are saved to the system stack.

» The I flag of the condition code register (CCR) is cleared to 0, and hardware interrupts are
masked.

« The S flag of the condition code register (CCR) is set to 1, and the system stack is activated.

The program counter (PC) value saved to the stack is the exact address where the undefined
instruction is stored. For 2-byte or longer instruction codes, the code identified as undefined is
stored at this address. When the exception factor type must be determined within the exception
processing routine, use this PC value.

Return from exception processing

When the RETI instruction returns control from exception processing, exception processing
restarts because the PC is pointing to the undefined instruction. Provide a solution such as
resetting the software.
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6.9 Stack Operations for Interrupt Processing

Once an interrupt is accepted, the contents of the dedicated registers are automatically
saved to the system stack before a branch to interrupt processing. When the interrupt
processing terminates, the previous processing is automatically restored from the
stack.

m Stack operations at the start of interrupt processing

Once an interrupt is accepted, the CPU automatically saves the contents of the current
dedicated registers to the system stack in the order given below:

» Accumulator (A)

» Direct page register (DPR)

» Additional data bank register (ADB)

» Data bank register (DTB)

» Program bank register (PCB)

* Program counter (PC)

» Processor status (PS)

Figure 6.9-1 shows the stack operations at the start of interrupt processing.

Immediately before interrupt‘ ‘ Immediately after interrupt ‘
Memory Memory
Address Address
SsB 08FFu SSB 08FFx
08FEn <« 8P OBFEn <SP
ssP XXu_| H sSSP 00n N ay
XXu 00n
A | 0000n { O8FEu | XXn f A [ 0000« | OSFEx ] 08n

AL
AH AL XXu AH AL FEn
XXu 0lu DPR
DPR ADB XXu DPR ADB 00u_| ADB

XXu 00u DTB
DTB PCB XXo | ¥ DTB PCB [FEa] FFu_| PCB
XXu L 80u
PC XX PC sEa ) P
XXu 20n
PS
PS 08F2n | XX 20E0, 08F2 EO
[20E04 ] " ps [20E0u ] [ Eo b Sp after update
fe—. -» l >
Byte Byte

Figure 6.9-1 Stack operations at the start of interrupt processing

m Stack operations on return from interrupt processing

When the interrupt return instruction (RETI) is executed at the termination of interrupt
processing, the PS, PC, PCB, DTB, ADB, DPR, and A values are returned from the stack in
reverse order from the order they were placed on the stack. The dedicated registers are restored
to the status they had immediately before the start of interrupt processing.
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m Stack area

e Stack area allocation

The stack area is used for saving and restoring the program counter (PC) when the subroutine
call instruction (CALL) and vector call instruction (CALLV) are executed in addition to interrupt
processing. The stack area is used for temporary saving and restoring of registers by the
PUSHW and POPW instructions.

The stack area is allocated together with the data area in RAM.

Figure 6.9-2 shows the stack area.

Vector table [FFFFFF"
(interrupt vector call FERCOOH  §ve e oeeemeeeveaveanenaenns
instruction for a reset) ROM area
FF0000:*'
000D00K *2}

Stack area 000380

Gd
regigter bank area

000180k
0001004
0000COx
000000u

Built-in 1/0O area

*1 The internal ROM is different for each model.
*2 The internal RAM is different for each model.

Figure 6.9-2 Stack area

<Check>
* Generally set an even-numbered address in the stack pointers (SSP and USP).

» Allocate the system stack area, user stack area, and data area so that they do not
overlap.

e System stack and user stack

The system stack area is used for interrupt processing. When an interrupt occurs, the user stack
area being used is forcibly switched to the system stack. The system stack area must be set
correctly even in a system that mainly uses the user stack area.

If division of the stack space is not particularly necessary, use only the system stack.
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6.10 Sample Programs for Interrupt Processing

This section contains sample programs for interrupt processing.

m Sample programs for interrupt processing
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e Processing specifications

The following is a sample program for an interrupt that uses external interrupt O (INTO).

e Sample coding

Port 1 direction register
Interrupt/DTP enable register
Interrupt/DTP flag

Request level setting register
Interrupt control register
Stack

DDR1 EQU 000011H
ENIR EQU 030H
ENRR EQU 031H
ELVR EQU 032H
ICROO EQU 0BOH
STACK SSEG

RW 100
STACK_T RW !
STACK ENDS
jmmmmeee Main program
CODECSEG
START:

MOV RP,#0

MOV ILM, #07H

MOV A, #ISTACK_T
MOV SSB, A

MOVW A, #STACK_T
MOVW  SP, A

MOV DDR1, #00000000B
OR CCR, #40H

MOV E:ICROO, #00H
MOV I:ELVR, #00000001B
MOV I:ENRR, #00H

MOV I:ENRR, #01H

LOOP: NOP
NOP
NOP
NOP
BRA LOOP
jmmm—- Interrupt program

General-purpose registers use the first bank.
Sets ILM in PS to level 7.
Sets system stack.

Sets stack pointer, then

Sets SSP because S flag = 1.

Sets P10/INTO pin to input.

Sets | flag of CCR in PS, enables interrupts.
Sets interrupt level to 0 (highest priority).
Requests that INTO be made level H.
Clears INTO interrupt cause.

Enables INTO input.

Dummy loop

Unconditional jump

ED_INTL:
MOV I:EIRR, #00H
NOP
NOP
NOP
NOP
NOP
NOP
RETI
CODE ENDS

Acceptance of new INTO not allowed

Return from interrupt

R Vector setting

VECT CSEG ABS=0FFH
ORG OFFDOH
DSL ED_INT1
ORG OFFDCH
DSL START
DB OOH
VECT ENDS
END START

CHAPTER 6 INTERRUPTS

Sets vector for interrupt #11 (OBH).
Sets reset vector.

Sets single-chip mode.
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m Processing specifications of sample program for extended intelligent 1/O service (EI’OS)

1)This program detects the H level signal input to the INTO pin and activates the extended
intelligent I/O service (EIFOS).

2)When the H level is input to the INTO pin, EI’OS is activated. Data is transferred from port 0 to
the memory at the 3000+ address.

3)The number of transfer data bytes is 100 bytes. After 100 bytes are transferred, an interrupt is
generated because EI’OS transfer has terminated.

e Sample coding

DDR1 EQU 000011H ; Port 1-direction register
ENIR EQU 000030H ;  Interrupt/DTP enable register
ENRR EQU 000031H ;  Interrupt/DTP factor register
ELVR EQU 000032H ;  Request level setting register
ICROO EQU 0000BOH ; Interrupt control register
BAPL EQU 000100H ;  Lower buffer address pointer
BAPM EQU 000101H ;  Middle buffer address pointer
BAPH EQU 000102H ; Upper buffer address pointer
ISCS EQU 000103H ;  EI’OS status
I0AL EQU 000104H ; Lower I/O address pointer
I0AH EQU 000105H ; Upper I/O address pointer
DCTL EQU 000106H ;. Low-order data counter
DCTH EQU 000107H ; High-order data counter
ERO EQU ENRR:0 ; Definition of external interrupt request flag bit
STACK SSEG ; Stack
RW 100
STACK_T RW 1
STACK ENDS
jmmmmmm s Main program
CODECSEG
START:
AND CCR, #0BFH ; Clears the | flag of the CCR in the PS and
;. prohibits interrupts.
MOV RP, #00 ;. Sets the register bank pointer.
MOV A, #STACK_T ;  Sets the system stack.
MOV SSB, A
MOvwW A, #STACK_T ;  Sets the stack pointer, then
MOVW SP, A ; Sets SSP because the S flag = 1.
MOV 1:DDR1, #00000000B ; Sets the P10/INTO pin to input.
MOV BAPL, #00H ;. Sets the buffer address (003000H).
MOV BAPM, #30H
MOV BAPH, #00H

MOV ISCS, #00010001B ; No I/O address update, byte transfer,
;  buffer address updated
;. 1/O = buffer transfer, terminated by the
;. peripheral function.
MOV I0AL, #00H ;  Sets the transfer source address
; (port 0: O0O0000H).

MOV IOAH, #00H
MOV DCTL, #64H ;  Sets the number of transfer bytes (100 bytes).
MOV DCTH, #00H
MOV I:ICRO0, #00001000B ; EIPOS channel 0, E’OS enable,
;interrupt level 0 (highest priority)
MOV I:ELVR, #00000001B ; Requests that INTO be made H level.
MOV I:ENRR, #00H ;  Clears the INTO interrupt cause.
MOV :ENIR, #01H ; Enables INTO interrupts.
MOV ILM, #07H ; Sets the ILM in the PS to level 7.

OR CCR, #40H ; Sets the | flag of the CCR in the PS
; and enables interrupts.
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CHAPTER 6

------ Interrupt program

------ Vector processing

BRA

LOOP

Infinite loop

CLRB
User processing

RETI
ENDS

ERO

Clears interrupt/DTP request flag.

Checks EI’OS termination factor,
processes data in buffer, sets EIOS again.

CSEG
ORG
DSL
ORG
DSL
DB
VECT
END

INTERRUPTS

ABS=0FFH
OFFDOH
WAR
OFFDCH
START
OO0H
ENDS
START

Sets vector for interrupt #11 (OBH).
Sets reset vector.

Sets single-chip mode.

MB90560 series



Memo

MB90560 series CHAPTER 6 INTERRUPTS 165






CHAPTER 7 SETTING A MODE

This chapter describes the operating modes and memory access modes supported by
the MB90560 series.

7.1 Setting @ MOE .......cooiiiiiiiie e 168
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7.1 Setting a Mode

The FPMC-16LX supports the modes for access method, access areas, and tests. A
mode is determined based on the settings by the mode pin at a reset as well as the
mode data fetched.

m Mode setting

The F’MC-16LX supports the modes for access method, access areas, and tests, classified as
shown in Figure 7.1-1 in this module.

Operating mode Bus mode
ORUN ——  —  Single-chip mode
O EPROM Programming
O Modes

Figure 7.1-1 Mode classification
m Operating modes
The operating modes control the operating state of the device, and are specified by the mode

setting pin (MDx) and Mx bit contents in mode data. Selecting operating modes enables
normal operation, and the activation of internal test programs and special test functions.

<Check>

Because the MB90560 series is only used in single-chip mode, set MD2, 1, 0 to 011 and set
M1, 0 to 00.

®m Bus mode

The bus mode controls the operation of internal ROM and external access functions, and is
specified by the mode setting pin (MDx) and Mx bit contents in mode data. The mode setting
pin (MDXx) specifies bus mode when reset vector and mode data are read. The Mx bit in mode
data specifies bus mode during normal operation.

m RUN mode
The RUN mode means CPU operating mode. The RUN mode includes main clock mode,
PLL clock mode, and various low power consumption modes. See Chapter 5, "Low Power
Consumption Modes," for detalils.
<Check>

Because the MB90560 series is only used in single-chip mode, set MD2, 1, 0 to 011 and set
M1, 0 to 00.
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7.2 Mode Pins (MD2 to MDO)

Three external pins, MD2 to MDO, are supported as the mode pins. These are used to
specify how the reset vector and mode data are fetched.

m Mode pins (MD2 to MDO)

The mode pins are used to select the data bus (external or internal) used for reading the reset
vector and to specify the bus width when the external data bus is selected.

For a PROM version, the mode pins are also used to specify PROM programming mode, which
is used to write programs and other data to internal ROM.

Table 7.2-1 shows the mode pin settings.

Table 7.2-1 Mode pin settings

MD2 MD2 MDO Mode name Reset vector Externa_l data Remarks
access area bus width
0 0 0
0 0 1 Setting not allowed
0 1 0
The reset
sequence and
0 1 1 Internal vector mode Internal Mode data subsequent
sequences are
controlled by
mode data.
1 0 0
1 0 1 Setting not allowed
1 1 0
1 1 1 PROM programming i ) i
mode

MD2 to MDO: Connect the pins to Vss for 0 and to Vcc for 1.

<Check>

Because the MB90560 series is only used in single-chip mode, set MD2, 1, 0 to 011 and set

M1, O to 00.

MB90560 series
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7.3 Mode Data

The mode data is at memory location FFFFDFH, and is used to specify the operation
after areset sequence. The mode data is automatically fetched to the CPU.

m Mode data

During a reset sequence, the mode data at address FFFFDFH is fetched to the mode register in
the CPU core. The CPU uses the mode data to set the memory access mode.

The contents of the mode register can only be changed during the reset sequence. The settings
in the register take effect after the reset sequence.

Figure 7.3-1 shows the mode data configuration.

Mode data

M1

MO

Function extension bits (reserved area)

Bus mode setting bits

m Bus mode setting bits

Figure 7.3-1 Mode data configuration

The bus mode setting bits specify operating mode after a reset sequence. Table 7.3-1 lists the
relationship between the bits and functions.

Table 7.3-1 Bus mode setting bits and functions

M1 MO Function Remarks
0 0 Single-chip mode 8 bits
0 1
1 0 (Setting not allowed) (Mode data)
1 1
<Check>

Because the MB90560 series is only used in single-chip mode, set M2, 1, 0 to 011 and set

M1, O to 00.
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Figure 7.3-2 shows the correspondence between access areas and physical addresses in
single-chip mode.

FFFFFFH
ROM

Model #1

FFOO00O0H

OOFFFFH ROM <= When mirror ROM function is selected

Model #2

Model #3 RAM : No access

000100+

0000COH : Internal access

000000H

Note: Model #x becomes the model-dependent address.

Figure 7.3-2 Correspondence between access areas and physical addresses in single-chip mode

m Relationship between mode pins and mode data
Table 7.3-2 lists the relationship between mode pins and mode data.

Table 7.3-2 Relationship between mode pins and mode data

Mode MD2 MD1 MDO M1 MO

Single-chip mode 0 1 1 0 0

<Check>
The MB90560 series is only used in single-chip mode.

MB90560 series CHAPTER 7 SETTING A MODE 171






CHAPTER 8 1/0O PORTS

This chapter describes the functions and operations of the 1/0 ports.
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8.1 Overview of I/O Ports

An I/O port can be used as a general-purpose I/O port (parallel I/O port). The MB90560
series has six ports (50 pins). The ports are also used for peripheral function 1/O pins
(peripheral function 1/O pins).

m |/O Port Functions

Each 1/O port outputs data from the CPU to the I/O pins or inputs signals from the 1/O pins to the
CPU as directed by the port data register (PDR). Each I/O port can also be set the direction of a
data flow (input or output) at the I/O pins for each bit using the port data direction register (DDR).

The function of each port and the peripheral functions using it are described below:

Table 8.1-1 summarizes the functions of individual ports.

Port 0
Port 1
Port 2
Port 3
Port 4
Port 5
Port 6

Table 8.1-1 Functions of individual ports

: General-purpose I/O port

: General-purpose I/O port/peripheral function (UART1)

. General-purpose I/O port/peripheral function (OCU/UARTO)

. General-purpose I/O port/peripheral function (analog input pins)

: General-purpose I/O port/peripheral function (16-bit reload timer/ICU)

: General-purpose I/O port/peripheral function (external interrupt input pins)

. General-purpose I/O port/peripheral function (UARTO, 8-bit/16-bit PPG timer)

Port Pin Input form | Output form|  Function DIL| DIt | DIt | BIL BILE B it it bit7| bite| bits| bitd| bit3| bit2| bita| bito
General I/O port -\ -1 -|-1-| -1 —-| - |Po7| Po6| PO5| PO4| PO3| PO2| PO1| POO
Port 0 P0O0~P07
CMOS pull- |peripheralfunction | — | — | — | = | = | = | = | =| = | =| =| =| =] =| =| =
up resistor
Port 1 P10/INTO selectable |General I/O port p17| P16| P15| P14| P13| P12 P11|P10| - | - | = | = | = | = | = | -
or
~P17/FRCK Peripheral function | Frek| INT6| INTs| INT4| INT3| 2| Tt wvro| - | | = | = | = | = | = | -
Port 2 P20/TINO CMOS General I/0 port - | = =] = =] =1 =] = | Pr| Po6| Po5| Po4| P3| P22 | P2L| P2
~P27IN3 | (hysteresis) Peripheral function | — | — | — | —| — | —| —| — | ma| m2| me| mo| Tor| ne| To0| TIv0
General I/Oport | p37| P3| P3s| P34| P3| P | PaL|P0| —| - | =| =| =| =| = | -
port3 | FIIRTOD CMOS : ez
Peripheral function | soTo| SIN0| RTO5| RTO4| RTO3| RTO2| RTOL| RTOO| — | — | = | = | = | = | = | -
P40/SCKO General I/O port | =1 =l =1 = =1 =1 = — | P46| P45| Pad| Pa3| Pa2| Par| P40
Port4 | _pasiPPG5 - -
Peripheral function | — | — | — | — | — | = | — | — | — |PPG5| PPG4| PPG3| PPG2| PPG1| PPGO| SCKO
General I/Oport | ps7| psg| Pss| ps4| Ps3| Pea| Pst|Pso| — | = | = | = | =| = | = | -
Port 5 ~F;35€?7/g|\,1\107 Anhalotg/CMOS cMOoS :
(hysteresis) Analog input AN7| ANG| ANS| ANA| AN3| AN2| ANL| ANO| — | = | = | = | = | = | - | -
P60/SIN1 General /0 port -l -1 -1-1-1-=-1-1=1-1-1 =1 —[Pe3| Pe2| P1| PG
Port6 | ~P63/INT7/ | Analog input CMOS ) . INTTI
DTTI Peripheralfunction | — | — | — | —| = | = | = | =| = | = | = | - o | SCKL| SOTL| SINL
<Check>

Port 5 is also used as analog input pins. To use the port as a general-purpose port, be sure
to reset the corresponding bit of the analog data input enable register (ADER) to “0".

Resetting the CPU sets the ADER register bits to “1”".
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8.2 Port Register

This section provides a list of the registers related to the I/O port settings and shows
how each port is assigned to the external pins.

m Registers for I/O Ports
Table 8.2-1 is a list of the registers corresponding to individual ports.

Table 8.2-1 Registers and corresponding ports

Register Read/Write Address Initial value

Port 0 data register (PDRO) R/W 000000H XXXXXXXXB

Port 1 data register (PDR1) R/W 000001H XXXXXXXXB

Port 2 data register (PDR2) R/W 000002H XXXXXXXXB

Port 3 data register (PDR3) R/W 000003H XXXXXXXXB

Port 4 data register (PDR4) R/W 000004H —XXXXXXXB

Port 5 data register (PDR5) R/W 000005H XXXXXXXXB
Port 6 data register (PDR6) R/W 000006H ----XXXXB
Port 0 data direction register (DDRO) R/W 000010H 00000000B
Port 1 data direction register (DDR1) R/W 000011H 00000000B
Port 2 data direction register (DDR2) R/W 000012H 00000000B
Port 3 data direction register (DDR3) R/W 000013H 00000000B
Port 4 data direction register (DDR4) R/W 000014H —-0000000B
Port 5 data direction register (DDR5) R/W 000015H 00000000B
Port 6 data direction register (DDR6) R/W 000016H ----0000B
Analog data input enable register (ADER) R/W 000017H 11111111B
Port O pull-up resistor setting register (RDRO) R/W 00008CH 00000000B
Port 1 pull-up resistor setting register (RDR1) R/W 00008DH 00000000B

R/W:Read/write enabled
R:Read only
X:Undefined

—:Not used
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8.3

Port O

Port O is a general-purpose I/O port. This section provides the configuration of port O,
lists its pins, shows a block diagram of the pins, and describes the corresponding
registers.

m Port 0 Configuration

Port 0 consists of the following:

» General-purpose /O pins

» Port 0 data register (PDRO)

» Port 0 data direction register (DDRO)

» Port 0 pull-up resistor setting register (RDRO)

m Port 0 Pins

176

Table 8.3-1 lists the port 0 pins.

Table 8.3-1 Port 0 pins

I/O form
Port Pin Port function Circuit type
Input Output

P00 POO
P01 PO1
P02 P02
P03 P03

Port 0 General- cMos cMOS c
P04 P04 purpose /O (hysteresis)
P05 P05
P06 P06
P07 P07

See Section 1.7, "I/O Circuit Types," for information on the circuit types.
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m Block Diagram of Port O Pins

Figure 8.3-1 is a block diagram of the port O pins.

s rom >
Port data register (PDR)
4 /I

PDR read

Output latch
> ] L

PDR write

Pull-up resistor

About 50KQ

snq eyep [eusaju|

Port data direction register (DDR)

Direction latch

DDR write
4 /I
N

DDR read

Standby control (SPL = 1)

Figure 8.3-1 Block diagram of port O pins
m Port O Registers

Port O registers are PDRO, DDRO, and RDRO. The bits making up each register correspond to
the port 0 pins on a one-to-one basis. Table 8.3-2 lists the port O pins and their corresponding
register bits.

Table 8.3-2 Port 0 pins and their corresponding register bits

Port Register bits and corresponding port pins
PDRO,DDRO,RDRO bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
Port 0
Corresponding pin PO7 P06 P05 P04 P03 P02 P01 P00
<Reference>

See Section 1.7,"l/0 Circuit Types,"for information on the circuit types.
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8.3 Port0

8.3.1 Port 0 Registers (PDRO, DDRO, and RDRO)

This section describes the port O registers.

m Functions of Port O Registers

e Port 0 data register (PDRO)
The PDRO register indicates the state of each pin of port 0.

e Port 0 data direction register (DDRO)

The DDRO register specifies the direction of a data flow (input or output) at each pin (bit) of port
“0”. When a DDRO register bit is “1”, the corresponding port (pin) is set as an output port. When
the bit is 0, the port (pin) is set as an input port.

e Port 0 pull-up resistor setting register (RDRO)

The RDRO register specifies the selection of a pull-up resistor at each pin (bit) of port 0. When a
RDRO register bit is “1”, a pull-up resistor is selected for the corresponding port (pin). When the
bit is “0”, the pull-up resistor is deselected.

Table 8.3-3 lists the functions of the port O registers.

Table 8.3-3 Port 0 register functions

. Dat During . . Read/ .
Register a reading During writing Write Address Initial value
. The output latch is loaded with
The pinis ca . .
0“. When the pin functions as
0 at the low L
level ahn c;utptjt polrt, the pin is set to
' the low level.
Port 0 data . . RIW | 000000H | XXXXXXXXB
register (PDRO) o The output latch is loaded with
The pinis n . .
. 1. When the pin functions as
1 at the high L
level an ou_tput port, the pin is set to
' the high level.
The The output buffer is turned off
0 | direction to place the port in input mode.
Port 0 data latch is “0". P P P
direction R/W | 000010H 00000000B
register (DDRO) The The output buffer is turned on to
1 direction lace the port in output mode
latch is “1¢, | P P P '
The setting The pull-l_Jp resistor_ is cut a_nd
0 latch is “0° the port is placed in the Hi-Z
Port 0 pull-up " | state in input mode.
resistor setting ' ' R/W | 00008CH 00000000B
register (RDRO) The setting The pull-up r§5|stor is selec'ted
1 A and the port is held at the high
latch is “1“. L
level in input mode.
R/W : Read/write enabled
X : Undefined
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8.3 Port0

8.3.2 Operation of Port O

This section describes the operation of port O.

m Operation of Port 0

180

e Port operation in output mode

Setting a bit of the DDRO register to “1“ places the corresponding port pin in output mode.

Data written to the PDRO register in output mode is held in the output latch of the PDR and
output to the port pins.

The PDRO register can be accessed in read mode to read the value at the port pins (the
same value as in the output latch of the PDR).

<Check>

If a read-modify-write instruction (such as an instruction that sets bits) is used with the port
data register, the target bits of the register are set to the specified value. The bits that have
been specified for output using the DDR register are not affected, but for the bits that have
been specified for input, a value input from the pins is written to the output latch and output
as it is. Before switching the mode for the bits from input to output, therefore, write the output
data to the PDR register, then specify output mode in the DDR register.

e Port operation in input mode

Writing a bit of the DDRO register to “0“ places the corresponding port pin in input mode.

In input mode, the output buffer is turned off, and the pins are placed in a high impedance
state.

However, when the RDRO register is set to “1“ to select a pull-up resistor, the pins are held at
the high level.

Data written to the PDRO register in input mode is stored in the output latch of the PDR but is
not output to the port pins.

The PDRO register can be accessed in read mode to read the level value (“0“ or “1“) at the
port pins.

e Port operation after a reset

When the CPU is reset, the DDRO and PDR registers are initialized to “0“. As a result, the
output buffer is turned off (I/O mode changes to input), the pull-up resistor is cut, and the pins
are placed in a high impedance state.

The PDRO register is not initialized when the CPU is reset. To use the port in output mode,
therefore, output mode must be specified in the DDRO register after the output data is set in
the PDRO register.
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e Port operation in stop or time-base timer mode

Table 8.3-4

If the pin state setting bit (SPL) in the low-power consumption mode control register (LPMCR) is
already “1” when the CPU is shifted to stop or time-base timer mode, the port pins are placed in
a high-impedance state. This is because the output buffer is turned off forcibly regardless of the
value in the DDRO register. Note that the inputs are fixed at a certain level to prevent leakage

due to an open circuit.

Note also that when a pull-up resistor is selected, the port pins are held at the high level and not
placed in a high-impedance state even when the SPL bit is set to “1”.

Table 8.3-4 lists the states of the port O pins.

States of port 0 pins

Pin

Normal operation

Sleep mode

Stop mode or
time-base timer
mode (SPL =0)

Stop mode or
time-base timer
mode (SPL =1,

RDR = 0)

Stop mode or
time-base timer
mode (SPL =1,

RDR = 1)

P0O0~P0O7

General-purpose 1/10
port

General-purpose 1/0O
port

General-purpose 1/0
port

Input shut down/
output in Hi-z

Input shut down/held
at H level

SPL :
Hi-z

: High impedance

MB90560 series

Pin state setting bit of low-power mode control register (LPMCR)

CHAPTER 8

I/O PORTS 181



84 Portl

Port 1 is a general-purpose I/O port. It can also be used for peripheral function input.
The port pins can be switched individually between the 1/0O port and peripheral
function. This section focuses on the general 1/0O port function. The section provides
the configuration of port 1, lists its pins, shows a block diagram of the pins, and

describes the corresponding registers.

m Port 1 Configuration

Port 1 consists of the following:

m Port 1 Pins

General-purpose /O pins/external interrupt input pins (P10/INTO to P17/FRCK)

Port 1 data register (PDR1)

Port 1 data direction register (DDR1)

Port 1 pull-up resistor setting register (RDR1)

The port 1 pins are also used as peripheral function input pins. The pins cannot be used as
output port pins when they are used as peripheral function input pins. Table 8.4-1 lists the port 1
pins.

Table 8.4-1 Port 1 pins

I/0 form S
. . . . Circuit
Port Pin Port function Peripheral function type
Input Output y
P10/INTO P10 INTO
P11/INT1 P11 INT1
P12/INT2 P12 INT2
P13/INT3 P13 | General- INT3 External CMOS
Port 1 / interrupt (hystere CMOS C
P14/INT4 P14 | PUPOSEVO | NT4 | jyht sis)
P15/INT5 P15 INT5
P16/INT6 P16 INT6
P17/FRCK P17 FRCK
See Section 1.7, "I/O Circuit Types," for information on the circuit types.
I/O PORTS MB90560 series
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m Block Diagram of Port 1 Pins

Figure 8.4-1 is a block diagram of port 1 pins.

4—» RDR {>c
FRCK Peripheral input (INT)
Port data register (PDR)

§ | Pull-up resistor
@
3 < N About 50KQ
=8 PDR read
g
Output latch )
E; utput latc ._ _|
o .
c PDR write
»
N . Pin
Port data direction register (DDR)

DDR write

Direction latch T ’@_{

——

7A\

DDR read

Standby control (SPL = 1)

Figure 8.4-1 Block diagram of port 1 pins
m Port 1 Registers

Port 1 registers are PDR1, DDR1, and RDR1. The bits making up each register correspond to
the port 1 pins on a one-to-one basis. Table 8.4-2 lists the port 1 pins and their corresponding
register bits.

Table 8.4-2 Port 1 pins and their corresponding register bits

Port Register bits and corresponding port pins

PDR1,DDR1,RDR1 bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
Port 1

Corresponding pin P17 P16 P15 P14 P13 P12 P11 P10

MB90560 series CHAPTER 8 1/0 PORTS 183



8.4 Portl

8.4.1 Port 1 Registers (PDR1, DDR1, and RDR1)

This section describes the port 1 registers.

m Functions of Port 1 Registers

e Port 1 dataregister (PDR1)
The PDRL1 register indicates the state of each pin of port 1.

e Port 1 data direction register (DDR1)

The DDR1 register specifies the direction of a data flow (input or output) at each pin (bit) of port
1. When a DDRL1 register bit is “1”, the corresponding port (pin) is set as an output port. When
the bit is “0”, the port (pin) is set as an input port.

e Port 1 pull-up resistor setting register (RDR1)

The RDRL1 register specifies the selection of a pull-up resistor at each pin (bit) of port 1. When a
RDRL1 register bit is “1”, a pull-up resistor is selected for the corresponding port (pin). When the
bit is “0”, the pull-up resistor is deselected.

<Caution>

To use a peripheral function having input pins, reset the port direction register bit
corresponding to each peripheral function input pin to “0” to place the port in input mode.

Table 8.4-3 lists the functions of the port 1 registers.

Table 8.4-3 Port 1 register functions

. Durin . - Read/ -
Register Data ng During writing : Address Initial value
reading Write
L The output latch is loaded with “0”. When
The pin is at - - )
0 the pin functions as an output port, the pin
the low level. | .
Port 1 data is set to the low level.
. R/W 000001H XXXXXXXXB
register (PDR1) The pinisat | The output latch is loaded with “1”. When
1 the high the pin functions as an output port, the pin
level. is set to the high level.
Port 1 data 0 I‘I’hehdﬁre((:)tion The output buffzr is turned off to place the
et ; atch is “0". port in input mode.
dgg‘g'f” register RIW 000011H 000000008
( ) 1 The direction | The output buffer is turned on to place the
latch is “1". port in output mode.
0 The setting The pull-up resistor is cut and the port is
Port 1 pull-up latch is “0”. placed in the Hi-Z state in input mode.
resistor setting R/W 00008DH 00000000B
register (RDR1) 1 The setting The pull-up resistor is selected and the
latch is “1". port is held at the high level in input mode.

R/W : Read/write enabled
X : Undefined
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8.4 Portl

8.4.2 Operation of Port 1

This section describes the operation of port 1.

m Operation of Port 1
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e Port operation in output mode

Setting a bit of the DDR1 register to “1” places the corresponding port pin in output mode.

Data written to the PDR1 register in output mode is stored in the output latch of the PDR and
output to the port pins as is.

The PDR1 register can be accessed in read mode to read the value at the port pins (the
same value as in the output latch of the PDR).

<Check>

If a read-modify-write instruction (such as an instruction that sets bits) is used with the port
data register, the target bits of the register are set to the specified value. The bits that have
been specified for output using the DDR register are not affected, but for the bits that have
been specified for input, a value input from the pins is written to the output latch and output
as it is. Before switching the mode for the bits from input to output, therefore, write the output
data to the PDR register, then specify output mode in the DDR register.

e Port operation in input mode

Writing a bit of the DDR1 register to “0” places the corresponding port pin in input mode.

In input mode, the output buffer is turned off, and the pins are placed in a high impedance
state.

However, when the RDR1 register is set to “1” to select a pull-up resistor, the pins are held at
the high level.

Data written to the PDR1 register in input mode is stored in the output latch of the PDR but
not output to the port pins.

The PDR1 register can be accessed in read mode to read the level value (“0” or “1") at the
port pins.

e Port operation for peripheral function input

When the port is also used for peripheral function input, the value at the pins is always supplied
as peripheral function inputs. To use an external signal for the peripheral function, reset the
DDRL1 register to “0” to place the port in input mode.

e Port operation after a reset

When the CPU is reset, the DDR1 and PDR registers are initialized to “0”. As a result, the
output buffer is turned off (/O mode changes to input), the pull-up resistor is cut, and the pins
are placed in a high impedance state.

The PDRL register is not initialized when the CPU is reset. To use the port in output mode,
therefore, output mode must be specified in the DDR1 register after the output data is set in
the PDRL1 register.
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e Port operation in stop or time-base timer mode

If the pin state setting bit (SPL) in the low-power mode control register (LPMCR) is already “1”
when the CPU is shifted to stop or time-base timer mode, the port pins are placed in a high-
impedance state. This is because the output buffer is turned off forcibly regardless of the value
in the DDR1 register. Note that the inputs are fixed at a certain level to prevent leakage due to
an open circuit.

Note also that when a pull-up resistor is selected, the port pins are held at the high level and not
placed in a high-impedance state even when the SPL bit is set to 1. Table 8.4-4 lists the states
of the port 1 pins.

Table 8.4-4 States of port 1 pins
Stop mode or .Stop modg or Stop mode or time-
. . ; X time-base timer -
Pin Normal operation Sleep mode time-base timer mode (SPL = 1 base timer mode
mode (SPL = 0) RDR = 0) (SPL =1, RDR = 1)
P10/
General-purpose | General-purpose | General-purpose | Input enabled/ Input shut down/
INTO~P17 o
IERCK I/O port I/O port 1/O port output in Hi-z held at H level

SPL : Pin state setting bit of low-power mode control register (LPMCR)

Hi-z : High impedance
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85 Port2

Port 2 is a general-purpose 1/O port. It can also be used for peripheral function input
and output. The port pins can be switched in units of bits between the I/O port and the
peripheral function. This section focuses on the general I/O port function. This section
also provides the configuration of port 2, lists its pins, shows a block diagram of the
pins, and describes the corresponding registers.

m Port 2 Configuration
Port 2 consists of the following:
» General-purpose /O pins/peripheral function 1/O pins (P20/TINO to P27/IN3)
» Port 2 data register (PDR2)
» Port 2 data direction register (DDR2)
m Port 2 Pins

The port 2 1/0 pins are also used as peripheral function I/O pins. The pins cannot be used as
general-purpose /O port pins when they are used as peripheral function 1/O pins. Table 8.5-1
lists the port 2 pins.

Table 8.5-1 Port 2 pins

I/O form o
. . . . Circuit
Port Pin Port function Peripheral function type
Input Output y
P20/TINO | P20 TiNg | 16-Ditreload timer 0
event input
P21/TO0 P21 T00 16-bit reload timer O timer
output
P22/TINT P22 TINL 16-bit _reload timer 1
event input
P23/TO1 P23 TO1 iﬁ;ggtreload timer 1 timer
Port2 pﬁﬁ?,la:}o (hst,:g(r)eSsis) CMOS D
P24/INO P24 INO !nput capture channel 0
input
P25/INT po5 IN1 !nput capture channel 1
input
P26/IN2 P26 IN2 !nput capture channel 2
input
P27/IN3 P27 IN3 ::sstt capture channel 3

See Section 1.7, "I/O Circuit Types," for information on the circuit types.
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m Block Diagram of Port 2 Pins

Figure 8.5-1 is a block diagram of port 2 pins.
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Port data direction register (DDR)

Direction latch

DDR write
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Standby control (SPL = 1)
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<Caution>

Figure 8.5-1 Block diagram of port 2 pins

When the peripheral function output enable bit is set, the port is forcibly caused to function as

peripheral function output pins regardless of the value in the DDR2 register.

m Port 2 Registers

Port 2 registers are PDR2 and DDR2. The bits making up each register correspond to the port 2
pins on a one-to-one basis. Table 8.5-2 lists the port 2 pins and their corresponding register bits.

Table 8.5-2 Port 2 pins and their corresponding register bits

Port Register bits and corresponding port pins
PDR2,DDR2 bit7 bité bits bit4 bit3 bit2 bitl bit0
Port 2
Corresponding pin P27 P26 P25 P24 P23 P22 P21 P20
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8.5 Port2

8.5.1 Port 2 Registers (PDR2 and DDR2)

This section describes the port 2 registers.

m Functions of Port 2 Registers

Port 2 data register (PDR2)
The PDR2 register indicates the state of each pin of port 2.

Port 2 data direction register (DDR2)

The DDR2 register specifies the direction of a data flow (input or output) at each pin (bit) of port
2. When a DDR2 register bit is “1”, the corresponding port (pin) is set as an output port. When
the bit is “0”, the port (pin) is set as an input port.

<Reference>

» When a peripheral function having output pins is used, the port functions as peripheral
function output pins regardless of the value in the DDR2 register as long as the peripheral
function output enable bit corresponding to the pins is set.

» To use a peripheral function having input pins, reset the DDR2 register bit corresponding
to each peripheral function input pin to 0 to place the port in input mode.

Table 8.5-3 lists the functions of the port 2 registers.

Table 8.5-3 Port 2 register functions

. Durin . - Read/ -
Register Data ng During writing : Address Initial value
reading Write
L The output latch is loaded with “0”. When
The pin is at - - )
0 the pin functions as an output port, the pin
the low level. | .
Port 2 data is set to the low level.
. 2 R/W 000002H XXXXXXXXB
register (PDR2) The pinisat | The output latch is loaded with “1”. When
1 the high the pin functions as an output port, the pin
level. is set to the high level.
0 The direction | The output buffer is turned off to place the
Port 2 data latch is “0". port in input mode.
direction register R/W 000012H 00000000B
(DDR2)) 1 The direction | The output buffer is turned on to place the
latch is “1". port in output mode.

R/W : Read/write enabled
X . Undefined
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8.5 Port2

8.5.2 Operation of Port 2

This section describes the operation of port 2.

m Operation of Port 2

e Port operation in output mode

» Setting a bit of the DDR2 register to “1” places the corresponding port pin in output mode.

» Data written to the PDR2 register in output mode is stored in the output latch of the PDR and
output to the port pins as is.

» The PDR2 register can be accessed in read mode to read the value at the port pins (the
same value as in the output latch of the PDR).

<Check>

If a read-modify-write instruction (such as an instruction that sets bits) is used with the port
data register, the target bits of the register are set to the specified value. The bits that have
been specified for output using the DDR register are not affected, but for the bits that have
been specified for input, a value input from the pins is written to the output latch and output
as it is. Before switching the mode for the bits from input to output, therefore, write output
data to the PDR register, then specify output mode in the DDR register.

Port operation in input mode
» Writing a bit of the DDR2 register to “0” places the corresponding port pin in input mode.

* In input mode, the output buffer is turned off, and the pins are placed in a high impedance
state.

» Data written to the PDR2 register in input mode is store in the output latch of the PDR but not
output to the port pins.

 The PDR2 register can be accessed in read mode to read the level value (0 or 1) at the port
pins.

Port operation for peripheral function output

The peripheral function output enable bit is set to enable the port to be used for peripheral
function output. The state of the peripheral function enable bit takes precedence when specifying
a switch between input and output. Even if a DDR2 register bit is “0”, the corresponding port pin
is used for peripheral function output if the peripheral function has been enabled for output.
Because the value at the pins can be read even if peripheral function output is enabled, the
peripheral function output value can be read.

Port operation for peripheral function input

When the port is also used for peripheral function input, the value at the pins is always supplied
as peripheral function inputs. To use an external signal for the peripheral function, reset the
DDR2 register to “0” to place the port in input mode.
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e Port operation after a reset

» When the CPU is reset, the DDR2 register is initialized to “0”. As a result, the output buffer is
turned off (1/0O mode changes to input), the pins are placed in a high impedance state.

* The PDR2 register is not initialized when the CPU is reset. To use the port in output mode,
therefore, output mode must be specified in the DDR2 register after the output data is set in
the PDR2 register.

e Port operation in stop or time-base timer mode

If the pin state setting bit (SPL) in the low-power mode control register (LPMCR) is already “1”
when the CPU is shifted to stop or time-base timer mode, the port pins are placed in a high-
impedance state. This is because the output buffer is turned off forcibly regardless of the value
in the DDR2 register.

<Caution>

Note that the inputs are fixed at a certain level to prevent leakage due to an open circuit.

Table 8.5-4 lists the states of the port 2 pins.

Table 8.5-4 States of port 2 pins

Stop mode or Stqp mode or Stop mode or time-
. . . ; time-base .
Pin Normal operation Sleep mode time-base timer timer mode base timer mode
mode (SPL =0) (SPL = 0) (SPL=1)
P20/INTO~ General-purpose 1/0 General-purpose 1/0 General-purpose 1/0 Input enabled/ Input shut down/output
P27/IN3 port port port output in Hi-z in Hi-z
SPL : Pin state setting bit of low-power mode control register (LPMCR)
Hi-z : High impedance
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8.6 Port3

Port 3 is a general-purpose 1/O port. It can also be used for peripheral function input
and output. The port pins can be switched in units of bits between the I/O port and
peripheral function. This section focuses on the general I/O port function. It provides
the configuration of port 3, lists its pins, shows a block diagram of the pins, and
describes the corresponding registers.

m Port 3 Configuration
Port 3 consists of the following:
» General-purpose /O pins/peripheral function I/O pins (P30/PPGO to P37/SOTO0)
» Port 3 data register (PDR3)
» Port 3 data direction register (DDR3)
m Port 3 Pins

The port 3 I/O pins are also used as peripheral function 1/O pins. Therefore, the pins cannot be
used as general-purpose 1/O port pins when they are used as peripheral function 1/O pins. Table
8.6-1 lists the port 3 pins.

Table 8.6-1 Port 3 pins

Port function I/O form Circuit
Port Pin (single-chip Peripheral function type
mode) Input Output y

P30/RTOO P30 RTOO OCU channel 0 output

P31/RTO1 P31 RTO1 OCU channel 1 output

P32/RTO2 P32 RTO2 OCU channel 2 output

P33/RTO3 P33 General- RTO3 OCU channel 3 output CMOS
Port 3 /o h . CMOS D

P34/RTO4 | P34 | Purpose RTO4 OCU channel 4 output (hysteresis)

P35/RTO5 P35 RTO5 OCU channel 5 output

P36/SINO P36 SINO UARTO data input

P37/SOTO P37 SOTO0 UARTO data output

See Section 1.7, "I/O Circuit Types," for information on the circuit types.
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m Block Diagram of Port 3 Pins

Figure 8.6-1 is a block diagram of port 3 pins.

Peripheral input  Peripheral output
Peripheral output enable
Port data register (PDR)

] o
PDR read —® L?
>I> Output latch

PDR write

Pin

Port data direction register (DDR)

Direction latch @ |:
DDR write

I
RN

DDR read

Snq eyep [eusaju|

Standby control (SPL = 1)

Figure 8.6-1 Block diagram of port 3 pins
m Port 3 Registers
Port 3 registers are PDR3 and DDRS3. The bits making up each register correspond to the port 3
pins on a one-to-one basis. Table 8.6-2 lists the port 3 pins and their corresponding register bits.

Table 8.6-2 Port 3 pins and their corresponding register bits

Port Register bits and corresponding port pins

PDR3, DDR3 bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
Port 3

Corresponding pin P37 P36 P35 P34 P33 P32 P31 P30
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8.6 Port3

8.6.1 Port 3 Registers (PDR3 and DDR3)

This section describes the port 3 registers.

m Functions of Port 3 Registers

Port 3 data register (PDR3)
The PDR3 register indicates the state of each pin of port 3.

Port 3 data direction register (DDR3)

The DDR3 register specifies the direction of a data flow (input or output) at each pin (bit) of port
3. When a DDR3 register bit is “1”, the corresponding port (pin) is set as an output port. When
the bit is “0”, the port (pin) is set as an input port.

<Check>

» When a peripheral function having output pins is used, the port functions as peripheral
function output pins regardless of the value in the DDR3 register as long as the peripheral
function output enable bit corresponding to the pins is set.

» To use a peripheral function having input pins, reset the DDR3 register bit corresponding
to each peripheral function input pin to “0” to place the port in input mode.

Table 8.6-3 lists the functions of the port 3 registers.

Table 8.6-3 Port 3 register functions

. Durin . - Read/ -
Register Data ng During writing : Address Initial value
reading Write
L The output latch is loaded with “0”. When
The pin is at - - )
0 the pin functions as an output port, the pin
the low level. | .
Port 3 data is set to the low level.
. 3 R/W 000003H XXXXXXXXB
register (PDR3) The pinisat | The output latch is loaded with “1”. When
1 the high the pin functions as an output port, the pin
level. is set to the high level.
0 The direction | The output buffer is turned off to place the
Port 3 data latch is “0". port in input mode.
direction register R/W 000013H 00000000B
(DDR3) 1 The direction | The output buffer is turned on to place the
latch is “1". port in output mode.

R/W : Read/write enabled
X . Undefined
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8.6 Port3

8.6.2 Operation of Port 3

This section describes the operation of port 3.

m Operation of Port 3

e Port operation in output mode

» Setting a bit of the DDR3 register to “1” places the corresponding port pin in output mode.

» Data written to the PDR3 register in output mode is stored in the output latch of the PDR and
output to the port pins as is.

» The PDR3 register can be accessed in read mode to read the value at the port pins (the
same value as in the output latch of the PDR).

<Check>

If a read-modify-write instruction (such as an instruction that sets bits) is used with the port
data register, the target bits of the register are set to the specified value. The bits that have
been specified for output using the DDR register are not affected, but for the bits that have
been specified for input, a value input from the pins is written to the output latch and output
as it is. Before switching the mode for the bits from input to output, therefore, write output
data to the PDR register, then specify output mode in the DDR register.

Port operation in input mode
» Writing a bit of the DDR3 register to “0” places the corresponding port pin in input mode.

* In input mode, the output buffer is turned off, and the pins are placed in a high impedance
state.

» Data written to the PDR3 register in input mode is stored in the output latch of the PDR but
not output to the port pins.

» The PDR3 register can be accessed in read mode to read the level value (“0” or “1") at the
port pins.

Port operation for peripheral function output

The peripheral function output enable bit is set to enable the port to be used for peripheral
function output. The state of the peripheral function enable bit takes precedence when specifying
a switch between input and output. Even if a DDR3 register bit is “0”, the corresponding port pin
is used for peripheral function output if the peripheral function has been enabled for output.
Because the value at the pins can be read even if peripheral function output is enabled, the
peripheral function output value can be read.

Port operation for peripheral function input

When the port is also used for peripheral function input, the value at the pins is always supplied
as peripheral function inputs. To use an external signal for the peripheral function, reset the
DDR3 register to “0” to place the port in input mode.
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e Port operation after a reset

» When the CPU is reset, the DDR3 register is initialized to “0”. As a result, the output buffer is
turned off (1/0O mode changes to input), the pins are placed in a high impedance state.

» The PDRS3 register is not initialized when the CPU is reset. To use the port in output mode,
therefore, output mode must be specified in the DDR3 register after the output data is set in
the PDRS3 register.

e Port operation in stop or time-base timer mode

If the pin state setting bit (SPL) in the low-power mode control register (LPMCR) is already “1”
when the CPU is shifted to stop or time-base timer mode, the port pins are placed in a high-
impedance state. This is because the output buffer is turned off forcibly regardless of the value
in the DDR3 register. Note that the inputs are fixed at a certain level to prevent leakage due to
an open circuit. Table 8.6-4 lists the states of the port 3 pins.

Table 8.6-4 States of port 3 pins

Stop mode or Stop mode or time-
Pin Normal operation Sleep mode time-base timer base timer mode
mode (SPL =0) (SPL=1)
P30/RT00~ General-purpose 1/0O General-purpose 1/0 General-purpose 1/0 Input shut down/output in
P37/SOTO port port port Hi-z

SPL : Pin state setting bit of low-power mode control register (LPMCR)

Hi-z : High impedance

MB90560 series
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8.7 Port4

Port 4 is a general-purpose 1/O port. It can also be used for peripheral function input
and output. The port pins can be switched in units of bits between the I/O port and
peripheral function. This section focuses on the general I/O port function. It provides
the configuration of port 4, lists its pins, shows a block diagram of the pins, and
describes the corresponding registers.

m Port 4 Configuration
Port 4 consists of the following:
» General-purpose /O pins/peripheral function 1/O pins (P40/SCKO to P45/PPG5)
» Port 4 data register (PDR4)
» Port 4 data direction register (DDR4)
m Port 4 Pins

The port 4 1/0 pins are also used as peripheral function I/O pins. The pins cannot be used as
general-purpose /O port pins when they are used as peripheral function 1/O pins. Table 8.7-1
lists the port 4 pins.

Table 8.7-1 Port 4 pins

Port function I/O form Circuit
Port Pin (single-chip Peripheral function type
mode) Input Output
P40/SCKO P40 SCKO UARTO serial clock /O
D
P41/PPGO P41 PPGO PPGO output
P42/PPG1 P42 PPG1 PPG1 output
P43/PPG2 P43 | General- PPG2 PPG2 output CMOS
Port 4 /o h . CMOS
P44/PPG3 | P44 | Purpose PPG3 PPG3 output (hysteresis)
F
P45/PPG4 P45 PPG4 PPG4 output
P46/PPG5 P46 PPG5 PPGS5 output

See Section 1.7, "I/O Circuit Types," for information on the circuit types.
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m Block Diagram of Port 4 Pins

Figure 8.7-1 is a block diagram of port 4 pins.

SNq erep [eusaiu|

Port data register (PDR)

Peripheral input

|
~l

PDR read

Peripheral output

Peripheral output enable

“

>I> Output latch

PDR write

Port data direction register (DDR)

Direction latch

o]

DDR write

:

|
o~

DDR read

Standby

control (SPL = 1)

Pin

Figure 8.7-1 Block diagram of port 4 pins

<Check>

When the peripheral function output enable bit is set, the port is forcibly caused to function as
peripheral function output pins regardless of the value in the DDR4 register.If valid DTTI is
input when the RTOO to RTO5 outputs and DTTI input are enabled, the value set in PDR4 is

forcibly output.

m Port 4 Registers

Port 4 registers are PDR4 and DDR4. The bits making up each register correspond to the port 4
pins on a one-to-one basis. Table 8.7-2 lists the port 4 pins and their corresponding register bits.

Table 8.7-2 Port 4 pins and their corresponding register bits

Port Register bits and corresponding port pins
PDR4,DDR4 bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
Port 4
Corresponding pin - P46 P45 P44 P43 P42 P41 P40
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8.7 Port4

8.7.1 Port 4 Registers (PDR4 and DDR4)

This section describes the port 4 registers.

m Functions of Port 4 Registers

e Port 4 dataregister (PDR4)
The PDR4 register indicates the state of each pin of port 4.

e Port 4 data direction register (DDR4)

The DDRA4 register specifies the direction of a data flow (input or output) at each pin (bit) of
port 4. When a DDRA4 register bit is “1”, the corresponding port (pin) is set as an output port.
When the bit is “0”, the port (pin) is set as an input port.

<Check>

» When a peripheral function having output pins is used, the port functions as peripheral
function output pins regardless of the value in the DDRA4 register as long as the peripheral
function output enable bit corresponding to the pins is set.

» To use a peripheral function having input pins, reset the DDR4 register bit corresponding
to each peripheral function input pin to “0” to place the port in input mode.

Table 8.7-3 lists the functions of the port 4 registers.

Table 8.7-3 Port 4 register functions

. Durin . - Read/ -
Register Data ng During writing : Address Initial value
reading Write
L The output latch is loaded with “0”. When
The pin is at - - )
0 the pin functions as an output port, the pin
the low level. | .
Port 4 data is set to the low level.
. R/W 000004H —XXXXXXXB
register (PDR4) The pinisat | The output latch is loaded with “1”. When
1 the high the pin functions as an output port, the pin
level. is set to the high level.
0 The direction | The output buffer is turned off to place the
Port 4 data latch is “0”. port in input mode.
direction register R/W 000014H —-0000000B
(DDR4) 1 The direction | The output buffer is turned on to place the
latch is “1". port in output mode.

R/W : Read/write enabled
X : Undefined
- : Empty bit
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8.7 Port4

8.7.2 Operation of Port 4

This section describes the operation of port 4.

m Operation of Port 4

e Port operation in output mode

» Setting a bit of the DDR4 register to “1” places the corresponding port pin in output mode.

» Data written to the PDR4 register in output mode is stored in the output latch of the PDR and
output to the port pins as is.

» The PDRA4 register can be accessed in read mode to read the value at the port pins (the
same value as in the output latch of the PDR).

<Check>

If a read-modify-write instruction (such as an instruction that sets bits) is used with the port
data register, the target bits of the register are set to the specified value. The bits that have
been specified for output using the DDR register are not affected, but for the bits that have
been specified for input, a value input from the pins is written to the output latch and output
as it is. Before switching the mode for the bits from input to output, therefore, write output
data to the PDR register, then specify output mode in the DDR register.

Port operation in input mode
» Writing a bit of the DDR4 register to “0” places the corresponding port pin in input mode.

* In input mode, the output buffer is turned off, and the pins are placed in a high impedance
state.

« Data written to the PDR4 register in input mode is stored in the output latch of the PDR but
not output to the port pins.

 The PDRA4 register can be accessed in read mode to read the level value (“0” or “1") at the
port pins.

Port operation for peripheral function output

The peripheral function output enable bit is set to enable the port to be used for peripheral
function output. The state of the peripheral function enable bit takes precedence when specifying
a switch between input and output. Even if a DDR4 register bit is “0”, the corresponding port pin
is used for peripheral function output if the peripheral function has been enabled for output.
Because the value at the pins can be read even if peripheral function output is enabled, the
peripheral function output value can be read.

Port operation for peripheral function input

When the port is also used for peripheral function input, the value at the pins is always supplied
as peripheral function inputs. To use an external signal for the peripheral function, reset the
DDRA4 register to “0” to place the port in input mode.
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Port operation after a reset

» When the CPU is reset, the DDR4 register is initialized to “0”. As a result, the output buffer is
turned off (1/0O mode changes to input), the pins are placed in a high impedance state.

» The PDRA4 register is not initialized when the CPU is reset. To use the port in output mode,
therefore, output mode must be specified in the DDR4 register after the output data is set in
the PDR4 register.

Port operation in stop or time-base timer mode

If the pin state setting bit (SPL) in the low-power mode control register (LPMCR) is already “1”
when the port is shifted to stop or time-base timer mode, the port pins are placed in a high-
impedance state. This is because the output buffer is turned off forcibly regardless of the value
in the DDR4 register.

<Caution>
Note that the inputs are fixed at a certain level to prevent leakage due to an open circuit.

Table 8.7-4 lists the states of the port 4 pins.

Table 8.7-4 States of port 4 pins
Stop mode or time- | Stop mode or time-
. . - - Hardware standby
Pin Normal operation Sleep mode base timer mode base timer mode mode
(SPL =0) (SPL =1)
P40/SINO~P47/ | General-purpose General-purpose I/ | General-purpose /O Input shut down/ Input shut down/output
ATG 1/O port O port port output in Hi-z in Hi-z

SPL : Pin state setting bit of low-power mode control register (LPMCR)

Hi-z : High impedance
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8.8 Porths

Port 5 is a general-purpose 1/O port. It can also be used for A/D converter analog input.
The port pins can be switched in units of bits between the I/O port and analog input.
This section focuses on the general 1/O port function. It provides the configuration of
port 5, lists its pins, shows a block diagram of the pins, and describes the
corresponding registers.

m Port 5 Configuration

Port 5 consists of the following:

m Port 5 Pins

General-purpose /O pins/analog input pins (P50/ANO to P57/AN7)
Port 5 data register (PDR5)

Port 5 data direction register (DDR5)

Analog input enable register (ADER)

The port 5 I/O pins are also used as analog input pins. The pins cannot be used as general-
purpose /O port pins when they are used for analog input. Similarly, the port 5 1/O pins cannot
be used for analog input when they are used as a general-purpose 1/O port. Table 8.8-1 lists the
port 5 pins.

Table 8.8-1 Port 5 pins

Port function I/0 form Circuit
Port Pin (single-chip Peripheral function type
mode) Input Output y

P50/ANO P50 ANO Analog input 0

P51/AN1 P51 AN1 Analog input 1

P52/AN2 P52 AN2 Analog input 2

P53/AN3 P53 General- AN3 Analog input 3 CMOS
Port 5 /o h ) CMOS E

P54/AN4 p54 | Purpose AN4 Analog input 4 (hysteresis)

P55/AN5 P55 AN5 Analog input 5

P56/AN6 P56 ANG Analog input 6

P57/AN7 P57 AN7 Analog input 7

See Section 1.7, "I/O Circuit Types," for information on the circuit types.

206 CHAPTER 8 I/O PORTS MB90560 series



m Block Diagram of Port 5 Pins

4| ADER Dc
. J Analog input
Port data register (PDR)
_ | \Xg_oj
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3 PDR read
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g »[>_ Output latch r. )
> PDR write
o
% N . Pin
Port data direction register (DDR)
Direction latch '@O—{
DDR write
< \'\}
DDR read Standby control (SPL = 1)
Figure 8.8-1 Block diagram of port 5 pins
<Check>

For a pin used as an input port, reset the corresponding PDR5 register bit to “0”, and also

reset the corresponding ADER register bit to “0”".

For an pin used as an analog input pin, reset the corresponding DDR5 register bit to “0” and
set the corresponding ADER register bit to “1”. In this case, the value read from the PDR5

register is “0”".

m Port 5 Registers

Port 5 registers are PDR5, DDR5, and ADER. The bits making up each register correspond to
the port 5 pins on a one-to-one basis. Table 8.8-2 lists the port 5 pins and their corresponding

register bits.

Table 8.8-2 Port 5 pins and their corresponding register bits

Port Register bits and corresponding port pins

PDR5,DDR5,ADER bit15 bit14 bit13 bit12 bit11 bit10

bit9

bit8

Port 5

Corresponding pin P57 P56 P55 P54 P53 P52

P51

P50
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8.8 Porth

8.8.1 Port 5 Registers (PDR5, DDR5, and ADER)

This section describes the port 5 registers.

m Functions of Port 5 Registers

Port 5 data register (PDR5)
The PDRS5 register indicates the state of each pin of port 5.

Port 5 data direction register (DDR5)

The DDRS5 register specifies the direction of a data flow (input or output) at each pin (bit) of port
5. When a DDRS5 register bit is “1”, the corresponding port (pin) is set as an output port. When
the bit is 0, the port (pin) is set as an input port.

Analog input enable register (ADER)

Each bit of the ADER register specifies whether the corresponding port 5 pin is to be used as a
general-purpose /O port or an analog input pin. Setting an ADER bit to “1” enables the
corresponding pin for analog input. Setting the bit to “0” enables the pin for general-purpose 1/O.

<Check>

If a signal at an intermediate level is input in port 1/O mode, input leak current flows.
Therefore, for a pin used for analog input, be sure to set the corresponding ADER bit to “1”
for analog input.

<Reference>

When the CPU is reset, the DDR5 register is reset to “0” and the ADER register is set to “1”
for analog input.

Table 8.8-3 lists the functions of the port 5 registers.

Table 8.8-3 Port 5 register functions

Register Data Durl_ng During writing Re"?‘d’ Address Initial value
reading Write
L Low level is output to the pin. (The
0 The pin s at the output latch is loaded with “0: to turn on
low level. .
Port 5 data the output transistor.)
) PDR5 R/IW 000005H XXXXXXXB
register ( ) The pinis atthe | The Pin is placed in a high-impedance
1 hi hrl)evel state. (The output latch is loaded with “1”
9 ' to turn off the output transistor.)
0 The direction The output buffer is turned off to place
Port 5 data latch is “0”. the port in input mode.
direction register R/W 000015H 00000000B
(DDR5) The direction The output buffer is turned on to place
1 - amn )
latch is “1". the port in output mode.
Analog input 0 Port I/0O mode
enable register R/W 000017H 11111111B
(ADER) 1 Analog input mode

R/W : Read/write enabled

X . Undefined
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8.8 Porth

8.8.2 Operation of Port 5

This section describes the operation of port 5.

m Operation of Port 5

e Port operation in output mode

e Setting a bit of the DDR5 register to “1” places the corresponding port pin in output mode.-
Data written to the PDRS5 register in output mode is held in the output latch of the PDR and
output to the port pins.

» The PDRS5 register can be accessed in read mode to read the value at the port pins (the
same value as in the output latch of the PDR).

<Check>

If a read-modify-write instruction (such as an instruction that sets bits) is used with the port
data register, the target bits of the register are set to the specified value. The bits that have
been specified for output using the DDR register are not affected, but for the bits that have
been specified for input, a value input from the pins is written to the output latch and output
as it is. Before switching the mode for the bits from input to output, therefore, write the output
data to the PDR register, then specify output mode in the DDR register.

Port operation in input mode
» Writing a bit of the DDRS5 register to “0” places the corresponding port pin in input mode.

* In input mode, the output buffer is turned off, and the pins are placed in a high impedance
state.

« Data written to the PDR5 register in input mode is stored in the output latch of the PDR but
not output to the port pins.

 The PDRS5 register can be accessed in read mode to read the level value (“0” or “1") at the
port pins.

Port operation for analog input

To use a port pin for analog input, write “1” to the corresponding ADER bit. Doing so disables the
port from operating as a general-purpose port pin and enables it to function as an analog input
pin. When PDR5 is accessed in read mode in this situation, a value of “0” is read.

Port operation after a reset

When the CPU is reset, the DDRS5 register is initialized to “0” and the ADER register is initialized
to “1” to place the port in analog input mode. To use the port as a general-purpose port, write “0”
to the ADER register in advance to place the port in port I/O mode.

Port operation in stop or time-base timer mode

If the pin state setting bit (SPL) in the low-power mode control register (LPMCR) is already “1”
when the CPU is shifted to stop or time-base timer mode, the port pins are placed in a high-
impedance state. This is because the output buffer is turned off forcibly. Note that the inputs are
fixed at a certain level to prevent leakage due to an open circuit.

Table 8.8-4 lists the states of the port 5 pins.
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Table 8.8-4 States of port 5 pins

Stop mode or time-base Stop mode or time-
Pin Normal operation Sleep mode timer mode base timer mode
(SPL =0) (SPL=1)

General-purpose 1/0 General-purpose 1/0
port port

Input shut down/output in

P50/ANO~P57/AN7 )
Hi-z

General-purpose /O port

SPL : Pin state setting bit of low-power mode control register (LPMCR)

Hi-z : High impedance
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8.9 Portb

Port 6 is a general-purpose 1/O port. It can also be used for peripheral function input
and output. The port pins can be switched in units of bits between the I/O port and
peripheral function. This section focuses on the general I/O port function. It provides
the configuration of port 6, lists its pins, shows a block diagram of the pins, and
describes the corresponding registers.

m Port 6 Configuration
Port 6 consists of the following:
» General-purpose /O pins/peripheral function 1/O pins (P60/SIN1 to P62/SCK1)
» Port 6 data register (PDR6)
» Port 6 data direction register (DDR6)
m Port 6 Pins

The port 6 1/0 pins are also used as peripheral function I/O pins. The pins cannot be used as
general-purpose /O port pins when they are used as peripheral function 1/O pins. Table 8.9-1
lists the port 6 pins.

Table 8.9-1 Port 6 pins
Port function I/O form Circuit
Port Pin (single-chip Peripheral function type
mode) Input Output y
P60/SIN1 P60 SIN1 UART1 data input
P61/SOT1 P61 SOT1 UART1 data output
P62/SCK1 P62 SCK1 | UARTL serial clock /O
P63/INT7/ External interrupt input/
P63 ) INT7 :
Port 6 DTTI General DTTI input CMOs CMOS D
purpose /O (hysteresis)
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m Block Diagram of Port 6 Pins

Figure 8.9-1 is a block diagram of port 6 pins.
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Figure 8.9-1 Block diagram of port 6 pins

m Port 6 Registers

Port 6 registers are PDR6 and DDR6. The bits making up each register correspond to the port 6
pins on a one-to-one basis. Table 8.9-2 lists the port 6 pins and their corresponding register bits.

Table 8.9-2 Port 6 pins and their corresponding register bits

MB90560 series

Port Register bits and corresponding port pins
PDR6,DDR6 bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
Port 6
Corresponding pin - - - - P63 P62 P61 P60
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8.9 Port6

8.9.1 Port 6 Registers (PDR6 and DDR6)

This section describes the port 6 registers.

m Functions of Port 6 Registers

e Port 6 data register (PDR6)

The PDR6 register indicates the state of each pin of port 6.

e Port 6 data direction register (DDR6)

The DDRE6 register specifies the direction of a data flow (input or output) at each pin (bit) of
port 6. When a DDR6 register bit is “1”, the corresponding port (pin) is set as an output port.

When the bit is “0”, the port (pin) is set as an input port.

Check:

To use a peripheral function having input pins, reset the DDR6 register bit corresponding to
each peripheral function input pin to “0” to place the port in input mode.

Table 8.9-3 lists the functions of the port 6 registers.

Table 8.9-3 Port 6 register functions

Register Data During reading During writing F\j\z?i/ Address Initial value
The pin is at the The output !atch is ‘Ioaded with “0".
0 When the pin functions as an output
low level. B
Port 6 data port, the pin is set to the low level.
. 6 R/W 000006H ----XXXXB
register (PDR6) o The output latch is loaded with “1”.
The pin is at the . .
1 high level When the pin functions as an output
' port, the pin is set to the high level.
0 The direction The output buffer is turned off to place
Port 6 data latch is “0”. the port in input mode.
direction register R/W 000016H ----0000B
(DDR®) 1 The direction The output buffer is turned on to place
latch is “1". the port in output mode.
R/W : Read/write enabled
X : Undefined
- : Empty bit
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8.9 Port6

8.9.2 Operation of Port 6

This section describes the operation of port 6.

m Operation of Port 6

e Port operation in output mode

» Setting a bit of the DDR®6 register to “1” places the corresponding port pin in output mode.

» Data written to the PDR6 register in output mode is stored in the output latch of the PDR and
output to the port pins as is.

» The PDRG6 register can be accessed in read mode to read the value at the port pins (the
same value as in the output latch of the PDR).

<Check>

If a read-modify-write instruction (such as an instruction that sets bits) is used with the port
data register, the target bits of the register are set to the specified value. The bits that have
been specified for output using the DDR register are not affected, but for the bits that have
been specified for input, a value input from the pins is written to the output latch and output
as it is. Before switching the mode for the bits from input to output, therefore, write the output
data to the PDR register, then specify output mode in the DDR register.

Port operation in input mode
» Resetting a bit of the DDR6 register to “0” places the corresponding port pin in input mode.

* In input mode, the output buffer is turned off, and the pins are placed in a high impedance
state.

« Data written to the PDR®6 register in input mode is held in the output latch of the PDR but not
output to the port pins.

 The PDR6 register can be accessed in read mode to read the level value (“0” or “1") at the
port pins.

Port operation for peripheral function output

The peripheral function output enable bit is set to enable the port to be used for peripheral
function output. The state of the peripheral function enable bit takes precedence when specifying
a switch between input and output. Even if a DDR6 register bit is “0”, the corresponding port pin
is used for peripheral function output if the peripheral function has been enabled for output.
Because the value at the pins can be read even if peripheral function output is enabled, the
peripheral function output value can be read.

Port operation for peripheral function input

When the port is also used for peripheral function input, the value at the pins is always supplied
as peripheral function inputs. To use an external signal for the peripheral function, reset the
DDRG6 register to “0” to place the port in input mode.
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e Port operation after a reset

e Port operation in stop or time-base timer mode

If the pin state setting bit (SPL) in the low-power mode control register (LPMCR) is already “1”
when the port is shifted to stop or time-base timer mode, the port pins are placed in a high-
impedance state. This is because the output buffer is turned off forcibly regardless of the value

When the CPU is reset, the DDR6 register is initialized to “0”. As a result, the output buffer is

turned off (1/0O mode changes to input), the pins are placed in a high impedance state.

The PDR6 register is not initialized when the CPU is reset. To use the port in output mode,
therefore, output mode must be specified in the DDRG6 register after output data is set in the

PDRE6 register.

in the DDR6 register.

<Caution>

Note that the inputs are fixed at a certain level to prevent leakage due to an open circuit.

Table 8.9-4 lists the states of the port 6 pins.

Table 8.9-4 States of port 6 pins

Stop mode or time-

Stop mode or time-

P63/INT7/DTTI

port

port

General-purpose /O port

Pin Normal operation Sleep mode base timer mode base timer mode
(SPL =0) (SPL=1)
P60/SIN1~ General-purpose 1/0 General-purpose 1/0 Input shut down/output in

Hi-z

SPL :
Hi-z :

MB90560 series

High impedance

Pin state setting bit of low-power mode control register (LPMCR)
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8.10 Sample I/O Port Program

This section provides a sample program using I/O port pins.

m Sample I/O Port Program

e Processing specifications

» Ports 0 and 1 are used to turn on all segments of a seven-segment (eight-segment if the
decimal point is included) LED.

» Pin P0OO corresponds to the anode common pin of the LED, and pins P10 to P17 correspond
to the segment pins.

Figure 8.10-1 is an example of connecting the eight-segment LED to the MB90560 ports.

MB90560 }j
P00 AN
N

P17 D0 AW—
P16 —>0—AW—
P15 —D>0—A\W\—
P14 — >0 AW——
P13 >0\ I _I
P12 —>0—\W\

Pit AW
P10 —{>0—AW\ I I°

Figure 8.10-1 Example of eight-segment LED connection

e Coding example

PDRO EQU 000000H
PDR1 EQU 000001H
DDRO EQU 000010H
DDR1 EQU 000011H
; Main program
CODE CSEG
START:
; Initialization
MOV 1:PDRO, #00000000B ; Puts P00 at a low level (#xxxxxxx0B).
MOV I:DDRO, #11111111B ; Puts all port 0 bits in output mode.
MOV I:PDR1, #11111111B ; Sets all port 1 bits to 1.
MOV I:DDR1, #11111111B ; Puts all port 1 bits in output mode.
CODE ENDS
END START
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CHAPTER 9 TIMEBASE TIMER

This chapter describes the functions and operation of the timebase timer.
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9.1 Overview of the Timebase Timer

The timebase timer is an 18-bit free-run counter (timebase counter) that counts up in
synchronization with the internal count clock (one-half of the source oscillation). The
timer has an interval timer function that can select four intervals.
The timebase timer also has functions for timer output of the oscillation stabilization
wait interval and for supplying the clocks for the watchdog timer.

m [nterval timer function
The interval timer function repeatedly generates an interrupt request at a given interval.

e An interrupt request is generated when the interval timer bit for the timebase counter
overflows.

» Four types of the interval timer (interval) can be selected. Table 9.1-1 lists the intervals for the
timebase timer.

Table 9.1-1 Intervals for the timebase timer

Internal count clock cycle Interval cycle

2%/HCLK (Approx. 1.0 ms)

2¥/HCLK (Approx. 4.1 ms)
2/HCLK (0.5 ps)

2"/HCLK (Approx. 16.4 ms)

2"/HCLK (Approx. 131.1 ms)

HCLK: Oscillation clock
Values in parentheses are for a 4 MHz oscillation clock.
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m Clock supply function

The clock supply function supplies clocks to the oscillation stabilization wait interval timer and to
some peripheral functions.

Table 9.1-2 lists the cycle times of clocks supplied from the timebase timer to each peripheral.

Table 9.1-2 Clock cycle time supplied from the timebase timer

Clock destination Clock cycle time Remarks
o 2®/HCLK (Approx. 2.0 ms) Oscillation settling time for ceramic vibrator
Oscillation
stabilization wait 2"/HCLK (Approx. 8.2 ms)
interval Oscillation settling time for crystal vibrator

2Y/HCLK (Approx. 32.8 ms)

22/HCLK (Approx. 1.0 ms)

2%/HCLK (Approx. 4.1 ms)
Watchdog timer Count-up clock for watchdog timer
2"/HCLK (Approx. 16.4 ms)

2*/HCLK (Approx. 131.1 ms)

PPG timer 2°/HCLK (Approx. 128 ps) -

HCLK: Oscillation clock
Values in parentheses occurs during operation of the 4 MHz oscillation clock.

<Reference>

The oscillation stabilization wait interval is the yardstick because the oscillation cycle time is
unstable as soon as oscillation starts.
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9.2 Configuration of the Timebase Timer

The timebase timer consists of the following four blocks:
» Timebase timer counter
» Counter clear circuit
* Interval timer selector

* Timebase timer control register (TBTC)

m Block diagram of the timebase timer

Figure 9.2-1 shows the block diagram of the timebase timer.

To the PPG timer — > timer
Timebase timer counter T

1

___.7;] To the watchdog

H |
HCLK/2 —+[X2'[X22[X29 - - - | - - | X2°| X2° X2 X2"|X 22| X2 x2"[x 2" |[X 2" | X 217 [X 2'®

| i I

‘ of] 28 T oF | oF

———> | wait interval selector
in the clock control section

»

*} To the oscillation stabilization

y Yy Y Y

Power-on reset —»|
Stop mode start —»|

Counter cle
circuit

=

Interval timer

A A

CKSCR: — selector
MCS =1 - 0([) t TBOF set
TBOF clear
Timebase timer control register
aet0) | — | — | — |78iE]T80F] TBR [TECI[TRCO|
Timebase timer interrupt signal
#34 (22H) (*2)

OF: Overflow
HCLK: Oscillation clock
*1 Switching of the machine clock from the oscillation clock to the PLL clock

Figure 9.2-1 Block diagram of the timebase timer
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e Timebase timer counter

This 18-bit up counter uses the divide-by-two clock of the oscillation clock (HCLK) as the count
clock.

e Counter clear circuit

Used to clear the counter by writing “0” to the TBTC TBR bit, by a power-on reset, or by
transition to stop mode (LPMCR:STP = 1).

e Interval timer selector

Selects one of four outputs of the timebase timer counter. An overflow of the selected bit
becomes an interrupt cause.

e Timebase timer control register (TBTC)

Selects the interval, clears the counter, controls an interrupt request, and checks the status.
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9.3 Timebase Timer Control Register (TBTC)

The timebase timer control register (TBTC) selects the interval, clears the counter,
controls interrupts, and checks the status.

m Timebase timer control register (TBTC)

bitl5 bitl4 bitl3 bitl2 bitll bitl0 bit9 bit8 bit7 ... bit0
Address RESV TBIE [TBOF| TBR |TBCL |TBCO| | ;/\-II-D-'I:"""-": Initial value
0000A9y [RESV| - | - © CL|TBCO| ~ (WDTC) 1 001008
R/W RW  R/W W RW  R/W
TBC1|{TBCO Interval selection bit
0 0 212)HeLK (Approx. 1.0 ms)
0 1 | 2YMHCLK (Approx. 4.1 ms)
1 0 | 2/HCLK (Approx. 16.4 ms)
1 1 | 2'9HCLK (Approx. 131 ms)
Values in parentheses are for a 4 MHz oscillation clock.
Timebase timer initialization bit
> | TBR K . K "
During reading During writing
0 _ Clearing of the timebase timer
counter and TBOF bit
1 | Theread value is always "1". | No change, no effect on other bits.
Interrupt request flag bit
—[TBOF prred g
During reading During writing
0 No overflow from the ) -
specified bit Clearing of this bit
1 g:/erﬂow from the specified No change, no effect on other bits.
———|TBIE Interrupt request enable bit
0 Interrupt request output disabled
1 Interrupt request output enabled
RESV Reserved bit
R/W : Read/write Be sure to write "1" to this bit.
W : Write only
- Not used
. Undefined
|:| . Initial value

Figure 9.3-1 Timebase timer control register (TBTC)
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Table 9.3-1 Function description of each bit in the timebase timer control register (TBTC)

Bit name Function
bitl5 RESV: <Caution>
Reserved bit Be sure to write “1” to this bit.
bit14 Not used * When read, the value is undefined.
bit13 e Writing has no effect on operation.
bit12 TBIE: * Used to enable or disable the output of an interrupt request to the
Interrupt request CPU.
enable bit * When this bit and the interrupt request flag bit (TBOF) are “1”, an
interrupt request is output.
bit11 TBOF: e This bit is set to 1 when the bit specifying the timebase timer
Interrupt request flag counter overflows.
bit * When this bit and the interrupt request enable bit (TBIE) are “1”,

an interrupt request is output.
* During writing, this bit is cleared with “0”. If “1“ is written, the bit
does not change and there is no effect.
<Caution>
* To clear the TBOF bit, disable the timebase timer interrupt by
specifying the TBIE bit or processor status (PS) ILM bit.
* The TBOF bit is cleared by writing “0”, by a transition to stop
mode, by clearing of the timebase timer with the TBR bit, or by

a reset.
bit10 TBR: ¢ Used to clear the timebase timer counter.
Timebase timer initial- | « When “0” is written to this bit, the counter is cleared and the TBOF
ization bit bit is cleared. If “1” is written, the bit does not change and there is
no effect.
<Reference>

The read value is always “1".

TBC1, TBCO: * Used to select an interval timer cycle.
bit9 Interval selection bit ¢ The bit for the interval timer of the timebase timer counter is
bit8 specified.

* Four types of interval can be selected.
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9.4 Timebase Timer Interrupts

The timebase timer can generate an interrupt request when the bit specifying the
timebase timer counter overflows. (Interval timer function)

m Timebase timer interrupts

The interrupt request flag bit (TBTC:TBOF) is set to “1” when the timebase timer counter counts
up with the internal count clock and when the bit for the selected interval timer bit overflows. If
the interrupt request enable bit has been enabled (TBTC:TBIE = 1), an interrupt request (#36) is
generated in the CPU. Writing “0” to the TBOF bit in the interrupt handling routine clears the
interrupt request. When the specified bit overflows, the TBOF bit is set regardless of the TBIE bit
value.

<Check>

Clear the interrupt request flag bit (TBTC:TBOF) while a timebase timer interrupt is disabled
by setting the TBIE bit or the processor status (PS) ILM bit.

Reference

*  When the TBOF bit is “1”, if the TBIE bit status is switched from disable to enable (0 - 1),
an interrupt request occurs immediately.

» The timebase timer cannot use the extended intelligent I/O service (EIFOS).
m Timebase timer interrupts and EI *0OS
Table 9.4-1 lists the timebase timer interrupt and EI20S.
Table 9.4-1 Timebase interrupts and EI *0S

Interrupt I_evel setting Vector table address
Interrupt register s
EIFOS
number
Register name Address Lower Upper Bank
#36 (24H) ICR12 0000BCH FFFF6CH FFFF6DH FFFF6EH X

x: Not available

<Check>

ICR12 is common to the timebase timer interrupt and input capture ch 2/3 wake-up interrupt.
Interrupts can be used for two applications, but the interrupt level is the same.
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9.5 Operation of the Timebase Timer

The timebase timer provides the interval timer function and the clock supply function

that supplies clocks to some peripheral functions.

m Operation of the interval timer function (timebase timer)

The interval timer function generates an interrupt request for each interval

The setting in Figure 9.5-1 is required for timebase timer to operate as an interval timer.

bit15 bit14 bit13 bit12 bit11 bitl0 bit9 bit8 bit7 - bit0
181C  [RESV| — | — [ TBIE [T80F | 18R [TBC1 [teco|  woTC)
1 © o o O O
© : Used
0 : Set"0"
1: Set"1"

Figure 9.5-1 Setting of the timebase timer

» The timebase timer counter continues counting up in synchronization with the internal count
clock (one-half of the oscillation clock) as long as the clock is being oscillated.

* When the counter is cleared (TBR = 0), it counts up from “0”. When the interval timer bit
overflows, the interrupt request flag bit (TBOF) is set to “1". If interrupt request output has
been enabled (TBIE = 1), an interrupt is generated for each selected interval based on the

cleared time.

» The interval may become longer than the time set because of timebase timer clearing.

m Oscillation stabilization wait interval timer function

The timebase timer is also used as the oscillation stabilization wait interval timer for oscillation

and the PLL clocks.

The oscillation settling time is set for the interval from the time the counter counts up from “0”
(count clear) until the oscillation stabilization wait interval bit overflows. When control returns
from timebase timer mode to PLL clock mode, the oscillation stabilization wait interval starts from
the middle of counting because the timebase timer counter has been not cleared. Table 9.5-1

shows the clearing of the timebase counter and the oscillation settling times.
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Table 9.5-1 Timebase timer counter clearing and oscillation stabilization wait intervals

Operation Counter | TBOF Oscillation stabilization wait interval
clear clear

TBTC: Writing of 0 to TBR o] o]

Power-on reset Oscillation clock oscillation stabilization wait

interval

Watchdog reset

Oscillation clock oscillation stabilization wait

Releasing of stop mode ° 0 interval (at return to main clock mode)

Transition from oscillation
clock mode to PLL clock 0] 0 PLL clock oscillation stabilization wait interval
mode (MCS=1 - 0)

Releasing of timebase timer PLL clock oscillation stabilization wait interval (at
X X
mode return to PLL clock mode)
Releasing of sleep mode X X -
o: Available

x: Not available

m Clock supply function

The timebase timer supplies clocks to the watchdog timer. Clearing of the timebase counter
affects operation of the watchdog timer.
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9.6 Usage Notes on the Timebase Timer

Notes about the effects on peripheral functions of clearing interrupt requests and the
timebase timer are given below.

m Timebase timer usage notes

232

e Clearing interrupt requests

The TBOF bit of the timebase timer control register must be cleared while a timebase timer
interrupt is masked by the TBIE bit or the interrupt level mask register (ILM) of the processor
status (PS).

Effects of timebase timer clearing

Clearing of the timebase timer counter affects the following operations:
* When the timebase timer is using the interval timer function (interval interrupt)

* When the watchdog timer is being used

Use of the timebase timer as the oscillation settling time timer

At power-on, the source oscillation of the main clock stops in main stop mode. After oscillator
operation starts, the operating clock supplied by the timebase timer is used to take the oscillation
stabilization wait time of the main clock. An appropriate oscillation stabilization wait time must be
selected based on the type of oscillating element connected to the main clock oscillator (clock
generation section). See Section 4.5, "Oscillation Stabilization Wait Time," for details.

Notes on peripheral functions to which clocks are supplied from the timebase timer

In the mode in which the main clock source oscillation stops, the counter is cleared and
timebase timer operation stops. When the timebase timer counter is cleared, the clock supplied
from the timebase timer is supplied from its initial state. As a result, the H level is shortened and
the L level lengthened 1/2 cycle. Although the clock for the watchdog timer is also supplied from
its initial state; the watchdog timer operates in normal cycles because the watchdog timer
counter is cleared at the same time.

Counter value

0OFFFH

00800H

00000H : ; . T ‘ ‘ ; T : i
: Cleéring thé counter by the program (TBTC: TBFIQ ="0") !

Clock supplied to PPG l | | [ : I_l

PPG can be operated by supplying count clock from the timebase timer (Divide-by-512 source oscillation)

Figure 9.6-1 Effect on PPG when clearing timebase timer
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m Operation of the timebase timer
The following operations are shown in Figure 9.6-2:
» A power-on reset occurs.

» Sleep mode is entered during operation of the interval timer function.

» A counter clear request is issued.

When stop mode is entered, the timebase timer is cleared and its operation stops. On return
from stop mode, the timebase timer counts the oscillation settling time.

Counter value
3FFFFu

Clearing by transition
to stop mode

Oscillation settling

averfion gl e
00000 | , ‘ —— T —
le—— : : :
Start of CPU , Interval cycle : E i
operation | (TBTC: TBC1,TBCO = 11n) | Counter clearing
Power-on reset | Clearing by the interrupt " (TBTC: TBR =0)
. ' handling routine : :
(option) :
TBOF bit ! |
TBIEbit — | {1 Sleep !
! P S—_
SLP bit ; |' ; :
(LPMC register) Réleasi'ng of interval ,‘M,,
STP bit inferrupt sleep

(LPMCR register)

Releasing of stop by an external interrupt
When 118 has been set in the interval selection bit (TBTC:TBC1,TBCO) of the timebase
timer control register

[ : Indicates the oscillation settling time.

Figure 9.6-2 Timebase timer operations
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9.7 Sample Program for the Timebase Timer Program

This section contains a sample program for the timebase timer.

m Sample program for the timebase timer

e Processing

An interval interrupt of 2%/HCLK (HCLK: oscillation clock) is repeatedly generated. The interval

becomes approx. 1.0 ms (during 4 MHz operation).

Coding example

ICR12 EQU 0000BCH Timebase timer interrupt control register
TBTC EQU 0000A9H Timebase timer control register
TBOF EQU TBTC:3 Interrupt request flag bit
R Main program
CODECSEG
START:
; Assumes that stack pointer (SP) has already been
initialized.
AND CCR,#0BFH Disables interrupts.
MOV 1:ICR12 #00H Interrupt level O (highest)
MOV I:TBTC,#10010000B Fixes upper 3 hits.
Enables interrupts and clears TBOF.
; Clears counter.
;. Selects interval 2**/HCLK
MOV ILM,#07H ;. Sets PS ILM to level 7.
OR CCR,#40H ; Enables interrupts.
LOOP: MOV A,#00H ;  Endless loop
MOV A#01H
BRA LOOP
B Interrupt program
WARI:
CLRB I:TBOF ;  Clears interrupt request flag.
; User handling
RETI ; ;  Returns from interrupt.
CODE ENDS
jmmmmee- Vector setting
VECT CSEG ABS=0FFH
ORG OFF6CH ;  Sets vector for interrupt #36 (24H).
DSL WARI
ORG OFFDCH . Sets reset vector.
DSL START
DB O0H ;  Sets single-chip mode.
VECT ENDS
END START
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CHAPTER 10 WATCHDOG TIMER

This chapter describes the functions and operation of the watchdog timer.
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10.1 Overview of the Watchdog Timer

The watchdog timer is a 2-bit counter that uses the timebase timer supply clock as the
count clock. After activation, if the watchdog timer is not cleared within a given time,
the CPU is reset.

m Watchdog timer function

The watchdog timer is a counter for handling program crashes. Once the watchdog timer is
activated, it must be regularly cleared within a given time. If the program results in an endless
loop and the watchdog timer is not cleared over a given time, a watchdog reset is generated for
the CPU.

Table 10.1-1 lists the watchdog timer intervals. If the watchdog timer is not cleared, a watchdog
reset is generated between the minimum time and maximum time. Clear the counter within the
minimum time listed in this table.

Table 10.1-1 Intervals for the watchdog timer

Interval
Minimum (*1) Maximum (*1) Oscillation clock cycle count
Approx. 3.58 ms Approx. 4.61 ms 2" +2" cycle
Approx. 14.33 ms Approx. 18.3 ms 2% +2%cycle
Approx. 57.23 ms Approx. 73.73 ms 28 +2"%cycle
Approx. 458.75 ms Approx. 589.82 ms 27 +2*%cycle

*1 Value during operation of the 4 MHz oscillation clock

The maximum and minimum watchdog timer intervals and the oscillation clock cycle count
depend on the clear timing.

The interval is 3.5 to 4.5 times longer than the cycle of the count clock (timebase timer supply
clock).

See Section 11.4, "Operation of the Watchdog Timer."
<Check>

The watchdog counter consists of a 2-bit counter that uses the carry signals of the timebase
timer as count clocks. Therefore, if the timebase timer is cleared, the watchdog reset
generation time may become longer than the time set.

<Reference>

At activation, the watchdog timer is initialized by a power-on or watchdog reset, and is placed
in stopped status. The watchdog timer is cleared by an external pin reset, software reset,
writing to the WTE bit (watchdog timer control register), sleep mode, transition to stop mode,
or the hold acknowledge signal. It is not stopped, however.
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10.2 Configuration of the Watchdog Timer

The watchdog timer consists of the following five blocks:
* Count clock selector
» Watchdog counter (2-bit counter)
» Watchdog reset generator
» Counter clear control circuit
* Watchdog timer control register (WDTC)

m Block diagram of the watchdog timer

Figure 10.2-1 shows the block diagram of the watchdog timer.

Watchdog timer control register (WDTC)

PONR|sTBR WRST ERST|sRsTwTE [wr1 [wro]

Watchdog timer 2

........................................................ AivadioR T

: ) with CLR y CLR
Start of sleep mode - Counter Count >_bit Over- Watchd : .

Start of hold status mode —ip| clear control clock counter flow | re:e? eongerator -, To the internal
Start of stop mode i circuit selector u 9 : reset generator
f_ CltR ¢
Clear
4

(Timebase timer counter)

One-half of HCLK —;—>x2| X22 |- X 28 %29 X 21X 2" X 21X 2 o1 XZ'EWXZ'GXZ"XZ'E;

HCLK: Oscillation clock

Figure 10.2-1 Block diagram of the watchdog timer

e Count clock selector

This circuit is used to select the count clock of the watchdog timer from four types of timebase
timer outputs. This determines the watchdog reset generation time.

e Watchdog counter (2-bit counter)

This 2-bit up counter uses the timebase timer output as the count clock.

e Watchdog reset generator

Used to generate the reset signal by an overflow of the watchdog counter.

e Counter clear circuit

Used to clear the watchdog counter and to control the operation or stopping of the counter.

e Watchdog timer control register (WDTC)

Used to activate or clear the watchdog timer; holds the reset generation cause.
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10.3 Watchdog Timer Control Register (WDTC)

The watchdog timer control register (WDTC) activates and clears the watchdog timer,
and displays the reset cause.

m Watchdog timer control register (WDTC)

Figure 10.3-1 shows the watchdog timer control register (WDTC); Table 11.3-1 describes the
function of each bit of the watchdog timer control register (WDTC).

bitl5 ---------- bit8 bit7  bité  bit5  bit4  bit3  bit2 bitl  bit0
Address ottt Initial value
0000A8 ! (TBTC) PONR| — WRST|ERST [SRST | WTE | WT1 |WTO XXXXX111p
R R R W W W

I

Interval selection bit (for 4 MHz HCLK)
| WTL | WTO Interval Oscillation clock
Minimum Maximum cycle count
0 O |Approx.3.58 ms |Approx. 4.61 ms 214 1211 cycle
0 1 |Approx. 14.33 ms |Approx. 18.3 ms 216 +213 cycle
1 0 | Approx.57.23 ms |Approx. 73.73ms | 218 +215 cycle
1 1 | Approx. 458.75 ms| Approx. 589.82 ms | 221 4218 cycle

HCLK: Oscillation clock

>| WTE Watchdog control bit

- Activation of the watchdog timer
(At first write after reset)
- Clearing of the watchdog timer
(At second or subsequent write after reset)

1 No operation

S Reset cause bit
PONR | WRST| ERST| SRST Reset cause

1 - - - Power-on

* 1 * * Watchdog timer

* * 1 * External pin (RSTX input)
R: Read only * * * 1 RST bit (software reset)
W: Write only
X: Undefined

- : The contents of the bit are not guaranteed.
*. Retains the previous status.

I:I . Initial value

Figure 10.3-1 Watchdog timer control register (WDTC)

The interval becomes 3.5 to 4.5 times longer than the count clock (timebase timer output
value) cycle. For details, see Section 11.4, "Operation of the Watchdog Timer."
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Table 10.3-1 Function description of each bit of the watchdog timer control register

(WDTC)

Bit name

Function

Read-only bits for indicating the reset cause. If more than one
reset cause occurs, the bit for each reset cause occurring is set to

bit7 “1".
bit5 PONR,‘ WRST, ERST, These bits are all cleared to “0” after the watchdog timer control
. SRST: . .
bit4 Reset cause bits register (WDTC) is read.
bit3 At power-on, the contents of the bits other than the PONR bit are
not guaranteed. Therefore, when the PONR bit is “1”, ignore the
contents of the bits other than the PONR bit.
. When “0” is written to this bit, the watchdog timer is activated (first
WTE: . . .
. . write after reset) or the 2-bit counter is cleared (second or
bit2 Watchdog timer con- .
trol bit subsequent write after reset).
Writing “1” does not affect operation.
Used to select the watchdog timer interval.
bitl WT1, WTO: Only data at watchdog timer activation is valid.
bit0 Interval selection bit Data written after watchdog timer activation is ignored.

These bits are write-only.

MB90560 series
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10.4 Operation of the Watchdog Timer

The watchdog timer generates a watchdog reset by an overflow of the watchdog
counter.

m Watchdog timer operation

Operation of the watchdog timer requires the setting in Figure 11.4-1.

bIHSbltB bit7 bit6 bit5 bit4 bit3 bit2 bit1 Dbit0
wotc i  (18Tc)  |PonR| — [wRsTeRsT|ssT|wre|wT1]wTo]
0 ©
© - Used
o : SetO

Figure 10.4-1 Setting of the watchdog timer

e Activating the watchdog timer

» The watchdog timer is activated when the first “0” after reset is written to the WTE bit of the
watchdog timer control register (WDTC). Specify the interval by specifying the WT1 and WTO
bits of the watchdog timer control register at the same time.

 When watchdog timer activation starts, it can be stopped only by a power-on, or its own
reset.

e Clearing the watchdog timer

* When a second or subsequent “0” is written to the WTE bit, the 2-bit counter of the watchdog
timer is cleared. If the counter is not cleared within the time interval, it overflows and a
watchdog reset occurs.

» The watchdog counter is cleared by reset generation, sleep mode, stop mode, transition to
clock mode, or detection of the hold acknowledge signal.

* In clock mode, the watchdog timer counter is cleared and stops.

e Intervals for the watchdog timer

Figure 11.4-2 shows the relationship between the clear timing of the watchdog timer and
intervals. The interval changes according to the clear timing of the watchdog timer and requires
3.5 to 4.5 times longer than the count clock cycle.

e Checking a reset cause

A reset cause can be determined by checking the PONR, WRST, ERST, and SRST bits of the
watchdog timer control register (WDTC) after a reset.
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[WDG timer block diagram]
2-bit counter

Clock a: i g : .
: | Divide-by- |P | Divide-by- |:€} Reset d  Reset signal
selector ™ twocircuit | | twocircuit [ circuit [
- - s msmaw l ...................................
Count enabling and clearing
. Count enable
WTE b't—u output circuit

[Minimum interval] When the WTE bit is cleared immediately before the count clock rises:

. Count start
Counter clearing

Count clock a I I l | ] I l | | ] l —L
A" ozo (N I S e I
Divide-by-two m I I

value ¢ :
Count enabling L
Reset signal d Pl
[ 3
- 7 x (count clock cycle/2)
WTE bit clearing Watchdog reset generation

[Maximum interval] When the WTE bit is cleared immediately after the count clock rises:

. Count start
Counter clearing

Y ‘
Count clock a _J |___ L_l L__] L l ] l L

Divide-by-two
value b -X - m
Divide-by-two —~=j
value ¢ X | L
Count enabling —| I

Reset signal

A A
9 x (count clock cycle/2) .
WTE bit clearing Watchdog reset generation

Figure 10.4-2 Clear timing and watchdog timer intervals
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10.5 Usage Notes on the Watchdog Timer

Notes on using the watchdog timer are given below.

m Usage notes on the watchdog timer

244

Stopping the watchdog timer

Once the watchdog timer is activated, it cannot stop until a power-on or watchdog reset occurs.
The watchdog timer counter is cleared by software reset; however, the watchdog timer does not
stop.

Intervals

Since a carry signal of the timebase timer is used as the count clock for the interval, the
watchdog timer interval may become longer than the setting time when the timebase timer is
cleared.

Selecting the interval

The interval can be set when the watchdog timer is activated. Data written during operations
other than activation is ignored.

Notes on program creation

When a program that repeatedly clears the watchdog timer in the main loop is created, the
processing time of the main loop including the interrupt processing must be equal to or less than
the minimum watchdog timer interval.

Watchdog timer operation in timebase timer mode

The timebase timer operates while the timebase timer mode is set. The watchdog timer,
however, is temporarily stopped.
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10.6 Sample Program for the Watchdog Timer

This section contains a sample program for the watchdog timer.

m Sample program for the watchdog timer

e Processing
» The watchdog timer is cleared every time in the main program loop.

* The main loop must make one iteration within the minimum watchdog timer interval.

e Coding example

WDTC EQU 0000A8H ;  Watchdog timer control register
WTE EQU WDTC:2 ;  Watchdog control bit
jmmmmmn Main program

CODE CSEG

START:
; : ; Assumes that stack pointer (SP) has already been
WDG_START:

‘ MOV  WDTC,#00000011B ; Activates watchdog timer.
; Selects the interval 2* +2* cycle.

o Main loop
MAIN: CLRB [IIWTE ;  Clears watchdog timer.
; : Clears two bits regularly.
;  User processing
JMP MAIN ; Loops in less time than the watchdog timer interval.
CODE ENDS

R Vector setting
VECT CSEG ABS=0FFH

ORG OFFDCH ;  Sets reset vector.

DSL START

DB OOH ; Sets single-chip mode.
VECT ENDS

END START
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CHAPTER 11 16-BIT RELOAD TIMER

The chapter describes the functions and operation of the 16-bit reload timer.
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11.1 Overview of the 16-Bit Reload Timer

The 16-bit reload timer is synchronized with three types of internal clocks for counting
down in internal clock mode, and it counts down by detecting an optional edge input to
the external pin in event counter mode.

This timer defines that an underflow condition results when the counter value changes
from “0000 H* to “FFFF H". Thus, an underflow will occur after an interval of [reload
register setting value + 1] counts.

Either of two modes can be selected for counting. In reload mode, the value set for the
count is reloaded to repeat counting for an underflow. In single-shot mode, the
counting is stopped with an underflow.

The counter underflow allows the occurrence of an interrupt and coordination with the
extended intelligent I/O service (EI *0OS).

The MB90560 series 16-bit reload timer has two built-in channels.

m 16-bit reload timer operating modes
Table 11.1-1 lists the operating modes of the 16-bit reload timer.

Table 11.1-1 16-bit reload timer operating modes

Clock mode Counter operation Operation of 16-bit reload timer
Reload mode Software trigger operation
Internal clock mode External trigger operation
One-shot mode External gate input operation

Event count mode (external Reload mode

clock mode)

Software trigger operation
One-shot mode

m Internal clock mode

Internal clock mode allows selection of one of three types of internal clock for the following
operations:

e Software trigger operation

When “1” is written to the TRG bit of the timer control status register (TMCSR), counting starts.
Trigger input by the TRG bit is always valid for external trigger input as well as for external gate
input.

e External trigger operation

When selected edges (rising, falling, and both edges) are input to the TINO and TIN1 pins,
counting starts.

e External gate input operation

While the selected signal level (“L” or “H") is being input to TINO and TIN1 pins, counting
continues.
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m Event count mode (external clock mode)

When selected valid edges (rising, falling, and both edges) are input to TINO and TIN1 pins, the
timer counts down at these edges.

When an external clock with a constant period is used, this timer can also be used as an interval
timer.

m Counter operation

e Reload mode

When an underflow (from “0000H” to “FFFFH") occurs during counting down, the count setting
value is reloaded to continue counting. Since the 16-bit reload timer causes an interrupt request
to occur for an underflow condition, it can be used as an interval timer.

A toggle waveform inverted at each underflow can also be output from TOO and TO1 pins.
Table 11.1-2 lists the intervals for the 16-bit reload timer.
Table 11.1-2 Intervals for the 16-bit reload timer

Count clock Count clock period Interval
2%/ (0.125 ps) 0.125 ps to 8.192 ms
Internal clock 2%/ (0.5 ps) 0.5 ps to 32.768 ms
2°/@ (2.0 ps) 20pusto131.1 ms
External clock 2¢/@ or more (0.5 ps) 0.5 ps or more

@ Machine clock

Values in parentheses are for a 16 MHz machine clock.

e Single-shot mode

When an underflow (from “0000H" to “FFFFH”) occurs during counting down, counting stops,
causing an interrupt to occur for the underflow condition.

During counter operation, a rectangular waveform that indicates when the count is in progress
can be output from the TOO and TO1 pins.

Reference
* 16-bit reload timer O can be used to create the baud rate of UARTO/UART1.

e 16-bit reload timer 1 can be used as the start trigger of the A/D converter.
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m 16-bit reload timer interrupts and EI?OS
Table 11.1-3 lists 16-bit reload timer interrupts and EI20OS.

Table 11.1-3 16-bit reload timer interrupts and EI’OS

Interrupt control Vector table address
Interrupt register
Channel EIFOS
number Register
9 Address Lower Upper Bank
name
Le-bit reload #30 (1Ew) | ICRO9 | 0000B9n | FFFF84n | FFFF85H | FFFF86n
timer 0 (*1)
_ A
L6-bit reload #32(20s) | ICR10 | O000BAw | FFFF7CH | FFFF7DH | FFF7En
timer 1 (*2)

A Available when ICR09/ICR10 or the interrupt causes sharing the interrupt vector are not
used.

*1 The same interrupt number is used for 8-bit timer counter underflow and 16-bit reload
timer O.

*2 The same interrupt number is used for 16-bit free-running timer underflow and 16-bit
reload timer 1.
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11.2 Configuration of the 16-Bit Reload Timer

16-bit reload timers 0 and 1 each consist of the following seven blocks:

Count clock generation circuit

Reload control circuit

Output control circuit

Operation control circuit

16-bit timer register (TMR)
16-bit reload register (TMRLR)
Timer control status register (TMCSR)

m Block diagram of the 16-bit reload timer

252

Figure 11.2-1 shows the block diagram of the 16-bit reload timer.

Internal data bus

PN

TMRLRO*!
<TMRLR1>

iy

L 16-bit reload

register 1

TMRO*! < Reload signal | Reload con
<TMR1> trol circuit
A
l 16-bit timer register (down counter) I——h—T
Count clock generation
CIrCUIt ........................
o Gate g
Machine :f Pre- gé INPUt | ¢ock Wait signal
clock :| scaler judgment|”
: circuit : To UARTO and
Clear CLK UART1 (*1)
: <To the A/D
Internal Dutput control circuit converter>
clock —t . 1k Ott ............. cerfeprenenny
. utput signai :
) Input | ] Clock genperaticgn
Pin control selector|  fvert Leircuit
. i| circuit > ry enl
P24/TINO External clogk O R KAt GEIIIEECEIIIEE SRy P20/TOO0(*1)
IKP25/TIN1>-.....  PAERA § 3 elect <P23/TO1>
. - signal Operation
Function selection control
circuit

Timer control status register (TMCSRO)(*1) <TMCSR1>

channel 1 register.

*2 Interrupt number

1T 11 | [ 11
QI —_ | — | —_— I — |CSU|CSLO]MODZ’MONIMODOIOUTEIOUTLIHELDIINTE| UF lCNTEl TR(;I

#30 (LEH)(*2)
<#32 (20H)>

*1 This register includes channel 0 and channel 1. The register enclosed in < and > indicates the

Interrupt request signal

Figure 11.2-1 Block diagram of the 16-bit reload timer
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e Count clock generation circuit

This circuit generates the count clock for the 16-bit reload timer from the machine clock or
external input clock.

e Reload control circuit

This circuit controls the reload operation when the timer is started and when an underflow
occurs.

e Output control circuit

This circuit controls the inversion of the TO pin output by an underflow of the 16-bit timer register
and enabling and disabling of TO pin output.

e Operation control circuit

This circuit controls starting and stopping of the 16-bit reload timer.

e 16-bit timer register (TMR)

This register is a 16-bit down counter. The current counter value is read from this register during
a read operation.

e 16-bit reload register (TMRLR)

The interval for the 16-bit reload timer is set in this register. The setting value of this register is
loaded into the 16-bit timer register and decremented.

e Timer control status register (TMCSR)

This register selects the count clock of the 16-bit reload timer and the operating mode, sets
operating conditions, starts a trigger with software, enables or disables counting, selects reload
or single-shot mode and the pin output level, enables or disables timer output, controls
interrupts, and controls the status.
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11.3 16-Bit Reload Timer Pins

This section describes the pins of the 16-bit reload timer and provides a pin block

diagram.

m 16-bit reload timer pins

The pins of the 16-bit reload timer are shared with the general-purpose ports. Table 11.3-1 lists
the functions of the pins, I/O format, and settings required to use the 16-bit reload timer.

Table 11.3-1 16-bit reload timer pins

Pin name Pin function I/0 format PuII_—up Standby Settings r_equwed for
option control pins
Port 2 1/0O pin/ Setting for the input port
P20ITING | iver input (DDR2: bit 0 = 0)
. Setting for timer output
P21/TO0 Er%r;rzollﬁ(t) Etm/ CMOS enable
p output/ Not (TMCSRO: OUTE = 1)
CMOS Availabl Available
P22/ TINL Port 2 1/0 pin/ hysteresis valable Setting for the input port
timer input input (DDR2: hit2 =0)
. Setting for timer output
P23/TO1 Er%r;rzollﬁ? Etm/ enable
P (TMCSR1: OUTE = 1)

m Block diagram of the 16-bit reload timer pins
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Figure 11.3-1 shows the block diagram of the16-bit reload timer pins.

snq ejep [eulay|

Peripheral input*l Peripheral output*“l

Port data register (PDR)

pd

~

PDR read

|7 Peripheral output enable*

Output latch
PDR write

Port data direction register (DDR)

Direction latch

DDR write

N

DDR read

Standby control: Stop, clock mode with SPL=1
*L Only pins with peripheral functions are used for peripheral /O

Standby control (SPL = 1)

P20/TINO
P21/TO0
P22/TIN1
P23/TO1

Figure 11.3-1 Block diagram of the 16-bit reload timer pins
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11.4 16-Bit Reload Timer Registers

The 16-bit reload timer registers are as follows.

m 16-bit reload timer registers

Figure 11.4-1 shows 16-bit reload timer registers.

Address DIt]5 sevenmrereriiniininnens bit8 D7 reervreraeennieiaena, bitd
[ 000083H,82+ ITMCSRO (timer control status register)

16-bit reload
timer O

000085H,84H | TMRO/TMRLRO (16-bit timer register/16-bit reload register) (*1)

16-bit reload
timer 1

[ 000087H,86+ JTMCSR1 (timer control status register)

000089H,881 [TMR1/TMRLR1 (16-bit timer register/16-bit reload register) (*1)

*1 This register functions as a 16-bit timer register (TMR) during reading, and functions
as a 16-bit reload register (TMRLR) during writing.

Figure 11.4-1 16-bit reload timer registers
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11.4 16-Bit Reload Timer Registers

11.4.1 Timer control status register, upper part (TMCSRO, TMCSR1.:
H)

Bits 11 to bit 7 of the timer control status registers (TMCSRO and TMCSR1) are used to
select the operating mode of the 16-bit reload timer and set the operating conditions.
This section describes bit 7: the MODO bit.

m Timer control status register, upper part (TMCSRO, TMCSR1: H)

Address bitl5 bitl4 bit13 bitl2 bitll bitl0 bit9 bit8 bit7 bit6 ---------- bitd
TMCSRO [ T T T T T 1 T T o : Initial value
0000834 | — | — | — | — |CSL1|CSLO|MOD2|MOD1|MOD0| TMSCR : L i XXXX00000s
TMCSR1 RW RW RMW RMW R/W
000087+ | | | |

I
Operating mode selection bit
MOD2|MOD1 |MODO (Internal clock mode)
Input pin function Valid edge and level
0 0 0 Trigger disabled —
0 0 1 Rising edge
0 1 0 Trigger input Falling edge
0 1 1 Both edges
1 X 0 . "L" level
Gate input
1 X 1 "H" level
Operating mode selection bit
»MOD2|MOD1 |MODO (Event clock mode)
Input pin function Valid edge
X 0 0 — —
X 0 1 Rising edge
X 1 0 Event input Falling edge
X 1 1 Both edges
Count clock selection bit
» CSL1 |CSLO -
Function Count clock
0| o0 210 (0.125 ps)
0 1 Internal clock mode 2%/0 (0.5 uS)
R/W : Read/Write 1 0 2°0 (2.0 pS)
~— * Notused 1 1 Event clock mode External event input
X ]
Undefined
" 1¢ Initial value

O : Machine cycle. Value in parentheres are for 16MHz machine clock

Figure 11.4-2 Timer control status register, upper part (TMCSRO, TMCSR1: H)
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Table 11.4-1Function description of each bit of the upper part of the timer control status
register (TMCSRO, TMCSR1: H)

Bit name Function
bitl5
bit14 Not used * When these bits are read, their values are undefined.
bit13 ¢ Writing to these bits has no effect on operation.
bit12
¢ Selects the count clock.
. CSL1, CSLO: * When these bits are not set to “118”, internal clock mode is set. The
bit11l . . . L
bitL0 C_ountclock selection internal clock is counted in this mode. _
bits * When these bits are set to “11s’, event count mode is set. The
external clock edges are counted in this mode.

<In internal clock mode>

* The MOD2 bit is used to select input pin functions.

* When the MOD2 bit is “0”, the input pin is used as a trigger input
pin, so that whenever a valid edge is input, the contents of the
reload register are loaded into the counter and counting continues.

bit9 MOD2, MOD1, The MOD1 and MQDO bits are_used t(_) select the type of valid e_dge.
bits MODO:. * When the_MOD_Z bit is “1”, the input pin becom(_es a gate_, meaning
bit7 Operating mode that counting will continue only as long as a valid level signal is

selection bits

input. The MODL1 bit is an unused bit, and the MODO bit is used to
select the valid level.

<In event count mode>

The MOD2 bit is not used. Set any value (“0” or “1").
The input pin is used as a trigger input pin for event input, and the
valid edge is selected with MOD1 and MODO bits.

MB90560 series
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11.4 16-Bit Reload Timer Registers

11.4.2 Timer control status register, lower part (TMCSRO, TMCSR1: L)

The lower seven bits of the timer control status registers (TMCSRO and TMCSR1) are
used to set operating conditions for the 16-bit reload timer, enable and disable
operation, control interrupts, and check the status.

m Timer control status register, low part (TMCSRO, TMCSR1: L)

bitl5 ---------- bit8 bitz  bité  bit5  bit4  bit3  bit2 bitl  bit0
Address o T ‘ { ‘ ‘ ‘ ‘ ‘ ‘ ‘ Initial value
TMCSRo |  (TMCSRH  [MODO{OUTE|OUTL |RELD |INTE | UF |CNTE |TRG | 55000005
000082y
TMCSR1 RW R/W R/W R/W R/W RW R/W R/W
000086}
TRG Software trigger bit

0 No change, no effect on other bits

1 After reloading, counting starts.

CNTE Count enable bit

0 | Counting stopped

1 Counting enabled (wait for the start trigger)

Underflow interrupt request flag bit

During reading During writing

0 Without counter underflow | This bit is cleared.

1 With counter underflow No change, no effect on other bits

—>| INTE Interrupt request enable bit

0 Interrupt request output disabled

1 Interrupt request output enabled

— | RELD Reload selection bit

0 | One-shot mode

1 Reload mode

Pin output level selection bit

In single-shot mode (RELD = 0) In reload mode (RELD = 1)

0 Square wave of H during counting | Toggle output of L when counting is started.

1 Square wave of L during count Toggle output of H when counting is started.

Timer output enable bit

OUTE Registers and pins corresponding to each channel
Pin functions
TMCSRO TMCSR1
R/W: Read/write 0 | General-purpose port P21 P23
I:I . Initial value 1 | Timer output TOO TO1

* . See Section 10.4.1, "Timer control status register, high part," for MODO (bit 7)

Figure 11.4-3 Timer control status register, low part (TMCSRO, TMCSR1: L)
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Table 11.4-2 Function description of each bit of the low part of the timer control status
register (TMCSRO, TMCSR1: L)

Bit name Function
This bit enables or disables output from the timer output pin.
) When this bit is “0”, the pin functions as a general-purpose port.
OUTE: L . . ? .
. . When this bit is “1”, the pin functions as a timer output pin.
bité Timer output enable S ;
bit In reload mode, the output waveform of this timer output pin
toggles. In single-shot mode, the timer outputs a rectangular
waveform that indicates that counting is in progress is output.
OUTL: This register is used to select the output level of the timer output
. . ' pin.
bit5 Pin ou_tput !evel The output level of the pin is inverted depending on whether this bit
selection bit L
is “0” or “1".
This bit enables reloading.
When this bit is “1”, the timer is in reload mode. At the same time an
. RELD: underflow occurs, the contents of the reload register are loaded into
bit4 . . . :
Reload selection bhit the counter, and counting continues.
When this bit is “0”, the timer is in single-shot mode. Counting stops
when an underflow occurs.
. This bit enables or disables output of an interrupt request to the
INTE: CPU
bit3 Interrupt_request When this bit and the interrupt request flag (UF) bit are “1”, the timer
enable bit .
outputs an interrupt request.
UE: This bit is set to “1” when a counter underflow occurs.
. ) . Writing “0” to this bit clears it. Writing “1” to this bit does not change
bit2 Underflow interrupt . .
request flag bit the bit value and has no effect on other bits.
This bit is also cleared when EIPOS is activated.
CNTE: The bit enables or disables counting.
bitl ' . When this bit is set to “1”, the counter is placed in trigger standby
Count enable bit . i
mode. When a trigger occurs, actual counting starts.
This bit starts the interval timer function or counter function with
software.
. Writing “1” to this bit applies a software trigger, causing the contents
. TRG: . . -
bit0 Software triager bit of the reload register to be loaded into the counter and starting
99 counter operation. Writing “0” to this bit has no effect.
Trigger input from this trigger is always valid when the CNTE bit is
set to “1” regardless of the operating mode.

MB90560 series
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11.4 16-Bit Reload Timer Registers

11.4.3 16-bit timer register (TMRO, TMR1)

The 16-bit timer register (TMRO, TMR1) is used to read the count value from the 16-bit
down counter.

m 16-bit timer register (TMRO, TMR1)

260

Figure 10.4-4 shows the 16-bit timer registers (TMRO, TMR1).

Address b5 bit14 bit13 bit12 biti1 bitlo bitd  bits
TMRO: 0000851

TMR1: 000089+

Initial value
[ms] D14[ D13 [ D12|D11 ]010 [ D9 ] DB—[“. XXXXXXXX3

R R R R R R R R

Address bi . . . . . ) )
it7 bit6 bits bit4 bit3 bit2 bit1 bit0 P
TMRO: 000084+ Initial value

TMR1: 000088H [ D7 l Dé l D5 I D4 I D3 ’ D2 I Dt | Do l XXXXXXXXs
R R R R R R R R

R: Read only
X: Undefined

Figure 11.4-4 16-bit timer register (TMRO, TMR1)

The 16-bit timer register is used to read the counter value from the 16-bit down counter.

When counting is enabled (TMCSR: CNTE = 1) to start counting, the value written to the 16-bit
reload register is loaded into this register, and counting down starts. This register value is stored

when the counter is in stop status (TMCSR: CNTE = 0).
<Check>

e This register is able to read the count value even during counting. It should always be

read with a word transfer instruction (MOVW A, 0084H, etc.).

» Although the 16-bit timer register (TMR) is functionally a read-only register, it is allocated
to the same address as the address of the write-only 16-bit reload register (TMRLR).
Accordingly, writing to this register has no effect on the TMR value, although writing to

TMRLR is done.
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11.4 16-Bit Reload Timer Registers

11.4.4 16-bit reload register (TMRLRO, TMRLR1)

The 16-bit reload register (TMRLRO, TMRLR1) sets a reload value in the 16-bit down
counter. The value written to this register is loaded into the down counter, and the
down counter starts with this value.

m 16-bit reload register (TMRLRO, TMRLR1)
Figure 11.4-5 shows the 16-bit reload registers (TMRLRO, TMRLRL1).

Address

TnLgo oo (oo o ora [ors [oro oa [os ]

W W W W W W wW w

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 Initial value

XXXXXXXXs

Address . . . . . . . .
TMRLRO -000084 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bitd Initial value

TMALR1 ‘ooooes | D7 | D6 | D5 | D4 [ D3 | D2 | D1 | DO | xxxxxxxxs
Wow oW owwowoww

W: Write only
X: Undefined

Figure 11.4-5 16-bit reload register (TMRLRO, TMRLR1)

The initial value of the counter is set in this register when counting is disabled (TMCSR: CNTE =
0), regardless of the operating mode of the 16-bit reload timer. When counting is enabled
(TMCSR: CNTE = 1) and the counter is started, counting down starts from the value written to
this register.

In reload mode, the value set in the 16-bit reload register (TMRLR) is reloaded into the counter
when an underflow occurs, and counting down continues. In single-shot mode, the counter stops
at FFFFH when an underflow occurs.

<Check>

« Write a value to this register in the counter stop (TMCSR: CNTE = 0) state. Also, always
use a word transfer instruction (MOVW 0084H,A etc.) to write a value to this register.

» Although the 16-bit reload register (TMRLR) is functionally a write-only register, it is
allocated to the same address as one of the read-only 16-bit timer registers (TMR).
Accordingly, since the read value is used as the TMR value, the INC/DEC instruction and
other instructions for read-modify-write (RMW) operations cannot be used.
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11.5 16-Bit Reload Timer Interrupts

The 16-bit reload timer is able to generate an interrupt request when an underflow of

the counter is occurred. It is also coordinated with the extended intelligent 1/0O service
(EIFOS).

m 16-bit reload timer interrupts
Table 11.5-1 lists the interrupt control bits and interrupt causes of the 16-bit reload timer.

Table 11.5-1 Interrupt control bits and interrupt causes of the 16-bit reload timer

16-bit reload timer 0 16-bit reload timer 1

Interrupt request flag bit TMCSRO: UF TMCSR1: UF

Interrupt request enable bit | TMCSRO: INTE TMCSR: INTE

Underflow of the 16-bit down
counter (TMRO)

Underflow of the 16-bit down

Interrupt cause counter (TMR1)

In the 16-bit reload timer, the UF bit of the timer control status register (TMCSR) is set to 1 by an
underflow (from 0000n to FFFFH) of the down counter. If an interrupt request is enabled
(TMCSR: INTE = 1) in this operation, the interrupt request is output to the interrupt controller.

m 16-bit reload timer interrupts and EI’OS
Table 11.5-2 lists the 16-bit reload timer interrupts and EI2OS.

Table 11.5-2 16-bit reload timer interrupts and EI’OS

Interrup_t control Vector table address
Interrupt register
Channel EIFOS
number Register
9 Address Lower Upper Bank
name
16-bit reload #30 (1EH) | ICR0O9 | 0000B9H | FFFF84n | FFFF85H | FFFF86H
timer O (*1)
: A
16-bit reload #32(20w) | ICR10 | O000BAW | FFFF7Cw | FFFF7DH | FFFF7EH
timer 1 (*2)

A: Available when ICRO09 or the interrupt causes sharing the interrupt vector are not used.

*1 The same interrupt number as that for 8-bit timer counter underflow and 16-bit reload timer 0
underflow.

*2 The same interrupt number as that for 16-bit free-run timer overflow and 16-bit reload timer 1
underflow.
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m EIPOS function of the 16-bit reload timer

Since the 16-bit reload timer has a circuit that coordinates with EI’OS, the counter can start
EI’0OS when an underflow occurs.

However, EIPOS is available only when other peripheral functions sharing the interrupt control
register (ICR) do not use interrupts. For example, when 16-bit reload timer 1 uses EI20S,
interrupts of the 16-bit free-run timer must be disabled.
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11.6 Operation of the 16-Bit Reload Timer

This section describes the 16-bit reload timer settings and counter operating status.

m 16-bit reload timer settings

e Internal clock mode setting

The setting shown in Figure 11.6-1 is required to operate this timer as an interval timer.

bitt5 bitt4 bitt3 bit12 bit11 bitto bitg bit bit7 bite bits bita bita bit2 bitt bito
™™CSR | — [ —] — [ —Jostostolwonemoorfuooc[oueoun [rerclinte] ur Jonte Tho]
Otherthan1f © © © © ¢ 6 o 1 o

TMRLR | Set the initial value (reload value) of the counter. ﬂ

O: Used
1:Setl.

Figure 11.6-1 Internal clock mode setting

e Event counter mode setting

The setting shown in Figure 11.6-2 is required to operate this timer as an event counter.

bit15 bit14 bit13 bit12 bit11 bit10 bita bits bit7 bité bit5 bita bit3 bit2 bit1 bito
™csR [—[—[—-]— |csu]cswlmoozluomIMODO}OUTE]oun[RELo] INTE] UF [oNTH TRG]
1 0 00OOOOOTO O 1 0

TMRLR [ Set the initial value (reload value) of the counter. |

DDR2 LI T T TTTT]

A A

© : Used
1 :Setl.

& : Set the bit corresponding to the pin used to 0.

Figure 11.6-2 Event counter mode setting
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m Counter operating status

The counter status is determined by the CNTE bit of the timer control status register (TMCSR)
and the internal WAIT signal. Possible settings include the stop status (STOP status), trigger
wait status (WAIT status), and running status (RUN status).

Figure 11.6-3 shows the transitions of these counter statuses.

Reset STOP | CNTE=0,WAIT=1
TIN: Input disabled
TOT: General-purpose port

Counter: The counter value is retained
when the counter stops.
Immediately after a reset,

it is undefined.

CNTE=0
CNTE=1
TRG=1
WAIT CNTE=1, WAIT=1 RUN CNTE =1, WAIT =0
TIN: Only trigger input enabled TIN: Functions as TIN
TO: Output initial value TO: Functions as TO
Counter: The counter value is retained gngl_&o Counter: Run
when the counter stops. (Singlejshot mode)
Immediately after a reset,
it is undefined until a value UF=1&
is loaded. RELD =1
(Reload mode) TRG=1
TRG=1 - )
(Software trigger) LOAD CNTE =1, WAIT=0 (Software trigger)

The contents of the reload register are

loaded into the counter Loading ends.

External trigger from TIN

—> . State transition by hardware

> . State transition by register access

WAIT : Wait signal (internal signal)

TRG : Software trigger bit of timer control status register (TMCSR)

CNTE : Count enable bit of timer control status register (TMCSR)

UF . Underflow interrupt request flag bit of timer control status register (TMCSR)
RELD : Reload selection bit of timer control status register (TMCSR)

Figure 11.6-3 Counter status transition
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11.6 Operation of the 16-Bit Reload Timer

11.6.1 Reload Mode (Internal Clock Mode)

Synchronized with the internal count clock, the 16-bit reload timer is used for counting
down of the 16-bit counter and generating an interrupt request to the CPU when the
counter is underflow. It can also output a toggle waveform to the timer output pin.

m Operation in reload mode (internal clock mode)

266

When counting is enabled (TMCSR: CNTE = 1) and the timer is started by the software trigger
bit (TMCSR: TRG) or external trigger, the value of the reload register (TMRLR) is loaded into the
counter, and counting starts. If the count enable bit and software trigger bit are set to 1
simultaneously, counting starts simultaneously with the enabling of counting.

When an underflow of the counter value (from “0000+" to “FFFFH") occurs, the value of the 16-bit
reload register (TMRLR) is loaded into the counter, and counting continues. If the underflow
interrupt request flag (UF) bit is set to “1” and the interrupt request enable (INTE) bit is “1”, an
interrupt request is generated.

The timer can also output to the TO pin a toggle waveform, which is inverted for each underflow.

Software trigger operation

When “1” is written to the TRG bit of the timer control status register (TMCSR), the counter is
started. Figure 11.6-4 shows software trigger operation in reload mode.

Count clock - : :
Counter 5 G Y X YR Y Y
Data load signal _n_ ...... _ﬂ ..... ﬂ ______ |I ______ _
Y/ e A— n__ . n . n_ . —
onTEBI | - o — —
TRG bit 51 e — — A— —
TO pin ——— . R R
T: Machine cycle
* |t takes 1T time from trigger input to loading of the reload data.

Figure 11.6-4 Count operation in reload mode (software trigger operation)
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e External trigger operation

When a valid edge (rising, falling, and both edges can be selected) is input to the TIN pin, the
counter is started. Figure 11.6-5 shows external trigger operation in reload mode.

Count clock
Reload data

Counter

Data load signal ——L

UF bit

CNTE bit ~

. [ l ;
TIN pin =~ ; .
TO pln 2T~2.5T* : .

T: Machine cycle

* |t takes 2T to 2.5T time from trigger input to loading of the reload data.

Figure 11.6-5 Counting in reload mode (external trigger operation)

<Check>

Specify 2/¢ (machine clock) or more for the width of the trigger pulse input to the TIN pin.

e Gate input operation

While a valid level (H and L levels can be selected) is input to the TIN pin, counting is done.

Figure 11.6-6 shows gate input in reload mode.

Count clock [ M MMM

,,,,, Reload data
Counter X Reload da XA XXy,
Data load signal ﬂ ..... ﬂ
I S n
CNTE bit ~ —
TRG bit  Sire ——
. + L pe———————— % % & T
TIN pin —_— P L
TOpin @@ — o ... |

T: Machine cycle

* |t takes 1T time from trigger input to loading of the reload data.

Figure 11.6-6 Count operation in reload mode (software trigger and gate input operation)

<Check>

Specify 2/¢ (machine clock) or more for the width of the trigger pulse input to the TIN pin.
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CHAPTER 11 16-BIT RELOAD TIMER 267



11.6 Operation of the 16-Bit Reload Timer

11.6.2 Single-shot Mode (Internal Clock Mode)

Synchronized with the internal count clock, the 16-bit reload timer is used for counting
down of the 16-bit counter and generating an interrupt request to the CPU when the
counter is underflow. It can also output to the TO pin a rectangular waveform indicating
that counting is in progress.

m Single-shot mode (Internal clock mode)

When counting is enabled (TMCSR: CNTE = 1) and the timer is started with the software trigger
bit (TMCSR: TRG) or external trigger, counting starts. If the count enable bit and software trigger
bit are set to “1” simultaneously, counting starts simultaneously with the enabling of counting.
When an underflow of the counter value (from “0000+" to “FFFFH") occurs, the counter stops in
the “FFFFH" state. If the underflow interrupt request flag (UF) bit is set to “1” and the interrupt
request enable (INTE) bit is “1”, an interrupt request is generated.

The timer can also output to the TO pin a rectangular waveform indicating that counting is in
progress.

e Software trigger operation

When “1” is written to the TRG bit of the timer control status register (TMCSR), the counter is
started. Figure 11.6-7 shows the software trigger operation in single-shot mode.

Count clock pEpEnEEEpiey et ninEnigininginin
eload data_ """ """ "Reload data
X X

Counter 0 GG D G B > G N
Data load signal ﬂ ..... ..... ﬂ .....
A R | N
oNTE b ] — — —
Sy M— e §
10 pin N e ‘_ J—_ ...... _I

Wit for trléger input

T: Machine cycle
* |t takes 1T time from trigger input to loading of the reload data.

Figure 11.6-7 Count operation in single-shot mode (software trigger operation)
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e External trigger operation

When a valid edge (rising, falling, and both edges can be selected) is input to the TIN pin, the
counter is started. Figure 11.6-8 shows external trigger operation in single-shot mode.

Countdlock LI 11" ML U™ MU LML ML mLrL
Reload data s Reload data
Counter X X7 X000 Fermy T )T X1 Yoen e
Data load signal ﬁn ----- ..... n .....
UF bit S ... S N
CNTE bit — |
TIN bit _»—] . L_ ..... _,__ ...... .j: |_ .....
2T~2.5T* L ;
Topin I ... ]
T: Machine cycle Wait for trigger input
* |t takes 2T to 2.5T time from external trigger input to loading of the reload data.

Figure 11.6-8 Count operation in single-shot mode (external trigger operation)

<Check>
Specify 2/¢ (machine clock) or more for the width of the trigger pulse input to the TIN pin.

e Gate input operation

While a valid level (“H” and “L” levels can be selected) is input to the TIN pin, counting is done.
Figure 11.6-9 shows gate input operation in single-shot mode.

Countclock [ LI L™ LU L LML ML L LM
Reload data Reload data
SIS G N (> G S SR ) Gl
Data load signal ﬁn ----- s n .....
UF bit ..... ”_ ..... ..... IL
CNTE bit — | : : '
TRG bit _»—]. '1_ L_ ..... ——— s .j |_ .....
™ ; : :
TO pin i [_. ...... J ..... !
Wait for trigger input
T: Machine cycle
* |t takes 1T time from trigger input to loading of the reload data.

Figure 11.6-9 Count operation in single-shot mode (software trigger and gate input operation)

<Check>

Specify 2/¢ (machine clock) or more for the width of the trigger pulse input to the TIN pin.
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11.6 Operation of the 16-Bit Reload Timer

11.6.3 Event count mode

In the 16-bit reload timer, an input edge from the TIN pin is used to count down the 16-
bit counter and an interrupt request to the CPU is generated when the counter is
underflow. It can also output atoggle waveform or rectangular waveform to the TO pin.

m Event count mode

When counting is enabled (TMCSR: CNTE = 1) and the counter is started (TMCSR: TRG = 1),
the value of the reload register is loaded into the counter. Counting down is then done every
time a valid edge (rising, falling, and both edges can be selected) of the pulse input to the TIN
pin (external count clock) is detected.

When the count enable bit and software trigger bit are set to “1” simultaneously, counting is
started simultaneously with the enabling of counting.

e Operation in reload mode

When an underflow of the counter value (from “0000H” to “FFFFH") occurs, the value of the
reload register (TMRLR) is loaded into the counter, and counting continues. If the underflow
interrupt request flag (UF) bit is set to “1” and the interrupt request enable bit (TMCSR: INTE) is
1, an interrupt request is generated.

The timer can also output to the TO pin a toggle waveform, which is inverted for each underflow.

Figure 11.6-10 shows counting in reload mode.

Tinvpin TLEL LU ML LML L ML ML
Counter XX XX X XX XXX
Data load signal fl ..... ﬂ ...... __ﬂ_ ...... _ﬂ_ ...... —
UF bit ————.. n . n__ . n_ ..
O T S S —
TRG bit _h_!T‘ E_ ..... - ..... .....
TOpin —m8M . [ [ U T
T: Machine cycle
* |t takes 1T time from trigger input to loading of the reload data.

Figure 11.6-10 Count operation in reload mode (event count mode)
<Check>

Specify 4/¢@ (machine clock) or more for the “H” and “L” widths of the clock input to the TIN
pin.
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e Operation in single-shot mode

When an underflow of the counter value (from “0000+" to “FFFFH") occurs, the counter stops in
the FFFFH state. If the underflow interrupt request flag (UF) bit is set to “1” and the interrupt
request enable (INTE) bit is “1”, an interrupt request is generated.

The timer can also output to the TO pin a rectangular waveform indicating that counting is in
progress.

Figure 11.6-11 shows counting in single-shot mode.

TiNpin JTLOLCL L T L L L s P Lo

Reloaddata ..~ Reload data
Counter __—— X X 7 XooonxFree T X X KO0 P
Data load signal ﬂ ..... ..... rL .....
UF bit T r|._ ..... ..... rL
ONTE bit ] : . I
TRG bit o L. — S [y I E
Topin I 77 T I —

Wait for trigger input
T: Machine cycle
* |t takes 1T time from trigger input to loading of the reload data.

Figure 11.6-11 Counter operation in single-shot mode (event count mode)
<Check>

Specify 4/¢ (machine clock) or more for the “H” and “L” widths of the clock input to the TIN
pin.
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11.7 Usage Notes on the 16-Bit Reload Timer

Notes on using the 16-bit reload timer are given below.

m Usage notes on thel6-bit reload timer

272

e Notes on using a program for setting

Write a value to the 16-bit reload register (TMRLR) when counting stops (TMCSR: CNTE =
0). Also, a value can be read from the 16-bit timer register (TMR) even during counting, but
always be sure to use a word transfer instruction (MOVW A, dir, etc.).

Change the CSL1 and CSLO bits of the timer control status register (TMCSR) when the
counter has stopped (TMCSR: CNTE = 0).

e Notes about interrupts

When the UF bit of the timer control status register (TMCSR) is set to 1 and an interrupt
request is enabled (TMCSR: INTE = 1), control cannot be returned from interrupt processing.
Always clear the UF bit.

Since the 16-bit reload timer O shares an interrupt vector with 8-bit timer 0/1/2, interrupt
causes must be checked carefully by the interrupt processing routine when interrupts are
used.

Furthermore, when EIPOS is used by the 16-bit reload timer 0, 8-bit timer 0/1/2 interrupts
must be disabled

Since the 16-bit reload timer 1 shares an interrupt vector with 16-bit free-run timer, interrupt
causes must be checked carefully by the interrupt processing routine when interrupts are
used.

Furthermore, when EIPOS is used by the 16-bit reload timer 0, 16-bit free-run timer interrupts
must be disabled

CHAPTER 11 16-BIT RELOAD TIMER MB90560 series



11.8 Sample Programs for the 16-Bit Reload Timer

This section contains sample programs for the 16-bit reload timer in internal clock
mode and event count mode.

m Sample program in internal clock mode

e Processing

A 25-ms interval timer interrupt is generated with 16-bit reload timer 0.

The timer is used in reload mode to repeatedly generate an interrupt.

The timer is started with a software trigger. External trigger input is not used.

EI’OS is not used.

16 MHz is used for the machine clock, and 2ps is used for the count clock.

e Coding example

ICRO9 EQU 0000B9H ;  Interrupt control register for the 16-bit reload timer
TMCSR EQU 000082H ;  Timer control status register

TMR EQU 000084H ; 16-bit timer register

TMRLR EQU 000084H ;  16-bit reload register

UF EQU TMCSRO0:2 ;  Interrupt request flag bit

CNTE EQU TMCSRO0:1 ;  Counter operation enable bit

TRG EQU TMCSRO0:0 ;  Software trigger bit

- Main program

CODE CSEG

START

AND
MOV
CLRB
MOVW
MOVW

MOV
OR

LOOP: MOV

MOV
BRA

---Interrupt program

WARI:

MB90560 series

CLRB

; Assumes that stack pointer (SP) has already been

; initialized.
CCR,#0BFH ;  Interrupt disable
1:ICR0Q9,#00H ; Interrupt level O (strongest)
I:CNTE ;  Temporary stopping of counter
:TMRLRO,#30D4H ;  Sets data for 25-ms timer.

I:TMCSRO0,#00001000000011011B
;  Interval timer operation, 2 ps clock
Disables external trigger and external output.
Selects reload mode, and enables interrupts.
; Clears interrupt flag, and starts counter.
ILM,#07H ; SetsILMin PSto level 7

CCR,#40H ;. Interrupt enable
A,#00H ;  Endless loop
A#01H ;

LOOP

l:UF ; Clears interrupt request flag.

User processing

RETI

Returns from interrupt

CHAPTER 11 16-BIT RELOAD TIMER

273



CODEENDS
e Vector setting
VECT CSEG  ABS=0FFH

ORG OFF84H ;  Sets vector for interrupt #29 (1DH).
DSL WARI

ORG OFFDCH . Sets reset vector

DSL START

DB OOH ;  Sets single-chip mode.

VECT ENDS
END START

m Sample program in event count mode

e Processing

* When the rising edge of the pulse input to the external event input pin is counted 10,000
times with 16-bit reload timer/counter 0, an interrupt is generated.

» The timer operates in single-shot mode.
» External trigger input selects the rising edge.

 EI’OS is not used.

e Coding example

ICRO9 EQU 0000B9H ;  Interrupt control register for the 16-bit reload timer
TMCSR EQU 000082H ;  Timer control status register

TMR EQU 000084H ; 16-bit timer register

TMRLR EQU 000084H ;  16-bit reload register

DDR2 EQU 000012H ; Port data register

UF EQU TMCSRO0:2 ;  Interrupt request flag bit

CNTE EQU TMCSRO0:1 ;  Counter operation enable bit

TRG EQU TMCSRO0:0 ;  Software trigger bit

- Main program
CODE CSEG

START
; : ; Assumes that stack pointer (SP) has already been
; initialized.
AND CCR,#0BFH ;  Interrupt disable
MOV 1:ICR09,#00H ; Interrupt level O (strongest)
MOV I:DDR2,#00H ; Sets P20/TINO pin to input.
CLRB I:CNTE ;  Temporary stopping of counter
MOVW  [:TMRLRO,#2710H ; Sets reload value to 10,000.
MOVW  [:TMCSRO0,#0000110010001011B
;  Counter operation, external trigger, rising
; Disables edge and external output.
;  Selects single-shot mode and enables interrupts.
; Clears interrupt flag, starts counter.
MOV ILM,#07H ; Sets ILM in PS to level 7.
OR CCR,#40H ; Interrupt enable
LOOP: MOV A,#00H ;  Endless loop

MOV A#01H ;
BRA LOOP ;
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R Interrupt program

WARI:

CODE

R Vector setting

VECTC

MB90560 series

CLRB  L:UF
User processing

RETI
ENDS

Clears interrupt request flag.

Returns from interrupt.

SEG ABS=0FFH
ORG OFF84H
DSL WARI
ORG OFFDCH
DSL START

DB O00H

VECT ENDS

END START

Sets vector for interrupt #30 (1EH).
Sets reset vector

Sets single-chip mode.
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CHAPTER 12 MULTI-FUNCTION TIMER

This chapter describes the functions and operation of the Multi-function timer in
MB90560 series.
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12.1 Overview of Multi-function Timer

The multi-function timer consists of a 16-bit free-run timer, six 16-bit output compare,
four 16-bit input capture, 6 channels of 8-bit PPG timer (3 channels of 16-bit PPG timer)
and a waveform generator. By using this waveform generator, 12 independent
waveform can be outputted through 16-bit free-run timer. Furthermore input pulse
width measurement and external clock cycle measurement can be done.

m 16-bit free-run timer (X1)

The 16-bit free-run timer consists of a 16-bit up-counter, control register, 16-bit compare clear
register and a prescaler. The output value of this counter will be used as the count clock of the
output compares and input captures

6 types of counter operation clock (¢, ¢/2, ¢/4, ¢/8, ¢/16, ¢/32, @64 @/128) can be selected.

@ Internal clock

An interrupt is generated when there is an overflow in the counter value or comparing match
with compare clear register (Mode setting is necessary for compare match)

Reset, software clear, compare match with compare clear register will reset the counter value
to “00004”

m OQOutput compare (X6)

The output compare consists of six 16-bit compare registers, compare output latch and compare
control registers. An interrupt is generated and output level is inverted when the value of 16-bit
free run timer and compare register are matched.

6 compare registers can be operated independently.

Output pins and interrupt flag are corresponding to each compare register.
2 compare register can be paired to control the output pins.

Inverts output pins by using 2 compare register together.

Setting the initial value for each output pin is possible.

An interrupt is generated when compare register is matched.

m Input capture (x4)

Input capture consists of 4 independent external input pins, the corresponding capture register
and capture control register. By detecting any edge of the input signal from the external pin, the
value of the 16-bit free-run timer can be stored in the capture register and an interrupt is
generated simultaneously.

3 types of trigger edge (rising edge, falling edge, both edge) of the external input signal can
be selected.

4 input captures can operated independently.
An interrupt is generated by detecting a valid edge from external input.
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m 8/16-bit PPG timer (8-bit PPG x 6, 16-bit PPG x 3)

8/16-bit PPG timer consists of six 8-bit down-counter, twelve 8-bit re-load register and three 8-bit
control register. By using it as 8/16-bit re-load timer, it is possible to operate as an event counter.
By setting of 8/16-bit “L” width and ‘H’ width, it is possible to output a pulse with any cycle duty
ratio.

8-bit PPG output operation mode

6 channels of 8-bit PPG output can be operated independently.

16-bit PPG output operation mode

3 channels of 16-bit PPG output can be operated independently.

8+8-bit PPG output operation mode

In this mode, Ch/0/Ch2/Ch4 can be operated as an 8-bit prescaler, in which an underflow
output of Ch/0/Ch2/Ch4 is used as a count clock for Ch1/Ch3/Chb. It is possible to output any
cycle from any 8-bit PPG output.

PPG output operation

The 8/16-bit PPG timer can output pulse waveforms with variable period and duty ratio. Also,
it can be used as D/A converter in conjunction with an external circuit.

m  Waveform generator

The waveform generator consists of three 8-bit re-load registers, three timer control registers
and 8-bit waveform control register.

With waveform generator, it is possible to generate realtime output, 8/16-bit PPG waveform
output, non-overlap 3-phase waveform output for inverter control and DC chopper waveform
output.

MB90560 series

It is possible to generate a non-overlap waveform output based on dead-time of 8-bit timer.
(Dead-time timer function)

It is possible to generate a non-overlap waveform output when realtime output is operated in
2-channel mode.(Dead-time timer function)

By detecting realtime output compare match, GATE signal of the PPG timer operation will be
generated to start or stop PPG timer operation. (GATE function)

When a match is detected by real-time output compare, the 8-bit timer is activated. The PPG
timer can be started or stopped easily by generating a GATE signal for PPG operation until
the 8-bit timer stops. (GATE function)

Forced stop control using DTTI pin input
External pin control can be performed through clockless DTTI pin input even when oscillation
is stopped. (The pin level can be set by each pin or software.)
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12.2 Block Diagram of Multi-function Timer

Block diagram of multi-function timer is shown in the section.

m Realtime I/O Block Diagram

FZMC-16LXBUS

4_‘:}—» Interrupt #31 (1FH)
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|
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Figure 12.2-1 BLock Diagram of Realtime I/O
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m 8/16-bit PPG timer block Diagram
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ol AR
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Y T |
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D 2
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> —
< » PCNTO (Down Counter) PPG1/3/5
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*: PRLLO/2/4, PRLHO/2/4. PRLL1/3/5 and PRLH1/3/5 are PPG reload registers.
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m Waveform Generator Block Diagram
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Figure 12.2-3 Block Diagram of Waveform Generator
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12.3 Register of Multi-Function Timer

This section describes registers of multi-function timer.

m 16-bit Free-Run Timer Registers

Compare Clear Register (Upper)
15 14 13 12 11 10 9 8 <= Bit Number

Address: 000059y CL15 | CL14| CL13 | CL12 | CL11 | CL1O0 | CLO9 | CLOS8 CPCLR

Read/write &> R/w RW RW RW RW RW RW RW
Initial value => X X X X X X X X

Compare Clear Register (Lower)
7 6 5 4 3 2 1 0 <3 Bit Number

Address: 000058, CLO7 | CLO6| CLO5| CLO4 | CLO3| CLO2 | CLO1 | CLOO CPCLR

Read/write => R/w RW RW RW RW RW RW RW
Initial value => X X X X X X X X

Timer Data Register (Upper)
15 14 13 12 11 10 9 8 <= Bit Number

Address: 00005By T15 T14 T13 T12 T11 T10 TO9 TO8 TCDT

Read/write &> R/w RW RW RW RW RW RW RW
Initial value => 0 0 0 0 0 0 0 0

Timer Data Register (Lower)

7 6 5 4 3 2 1 0 <2 Bit Number
Address: 00005A TO7 To6 | TO5 | TO4 | TO3 | TO2 | TOL | TOO TCDT
Read/write &> R/w RW RW RW RW RW RW RW
Initial value => 0 0 0 0 0 0 0 0

Timer Control Status Register (Upper)
15 14 13 12 11 10 9 8 <& Bit Number

Address: 00005Dy ECKE| — - MSI2 | MSI1 | MSIO | ICLR | ICRE TCCS

Read/write => R/w RW RW RW RW RW RW RMW
Initial value = ¢ X X 0 0 0 0 0

Timer Control Status Register (Lower)
7 6 5 4 3 2 1 0 <= Bit Number

Address: 00005CH IVF IVFE | STOP | MODE| SCLR | CLK2 | CLK1 | CLKO TCCS

Read/write => R/w RW RW RW RW RW RW RMW
Initial value => ¢ 0 0 0 0 0 0 0

Figure 12.3-1 Registers of 16-bit Free-Run Timer
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m Output Compare Registers

Compare Register (Upper)

Address: ch0 000071y
ch1 000073y
ch2 000075y 15 14 13 12 11 10 9 8

ch3ooo07ry ] —] —] —] —] [ ] ]
ch4 000079y

OP15| OP14| OP13| OP12| OP11| OP10| OP09 | OP08 OcCPo-3
ch5 00007By

<o Bit number

Readwritee> R R/IW  RW RW RW RW RW R/MW
Initial value=> X X X X X X X X

Compare Register (Lower)

Address: ch0 000070y
ch1 000072 _
ch2 000074 7 6 5 4 3 2 1 0 <= Bit number
ch3 000076y, [ \ \ [ [ [ \ \
ch4 000078,
ch5 00007A OP0O7 | OP0O6 | OPO5 | OP0O4 | OP0O3 | OP0O2 | OP0O1 | OPOO

OCCPO0-5

Read/writee> Ry RW RW  RW  RW RW  RW  RW
Initial value=> X X X X X X X X

Compare Control Register (Upper)

15 14 13 12 11 10 9 8 <o Bit number
Address: ch1 00007Dy
ch3 00007F —] —
ch5 000081, - — — | CMOD| OTE1 | OTEO | OTD1 |OTDO

OCsS1/3/5

Read/write=> Ry RIW  RW RW RW RW RW RW
Initial value> X X X 0 0 0 0 0

Compare Control Register (Lower)

7 6 5 4 3 2 1 0 <= Bitnumber

Address: ch0 00007Cy T T T =T ]
ch2 00007Ey

ch4 000080y, IOP1 | IOPO | IOE1 | IOEO — — |CST1 |CSTO

0OCS0/2/4

Readwritee> R RW  RW RW RW RW RW RMW
Initial value=> ¢ 0 0 0 X X 0 0

Figure 12.3-2 Registers of Output Compare
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Input capture registers

Input Capture Register (Upper)

Address: ch0 000061y 15 14 13 12 11 10 9 8 <2 Bit number
chl 000063H | | ‘ ‘ ‘ | | |
ch2 000065y IPCP0~3

ch3 000067 CP15| CP14| CP13| CP12| CP11| CP10 | CPO9 | CPO8

Readwrite> R R/W  RW RW RW RMW RW R/MW
Initial value=> X X X X X X X X

Input Capture Register (Lower)

Address: ch0 000060y 7 6 5 4 3 2 1 0 <= Bit number
chl 000062 | ‘ | | | | | |
ch2 000064 IPCPO~3
ch3 000066y, CPO7 | CP06 | CPO5 | CP04 | CP0O3 | CP02 | CPO1 | CPOO

Read/writee> Ry RW  RW RW RW RW RW RW
Initial value => X X X X X X X X

Capture Control Register (Upper)
15 14 13 12 11 10 9 8 <& Bit Number

Address: 000069y ICP3 | ICP2 | ICE3 | ICE2 | EG31| EG30 | EG21| EG20 ICS23

Read/write => R/w RW RW RW RW RW RW RMW
Initial value = ¢ 0 0 0 0 0 0 0

Capture Control Register (Lower)
7 6 5 4 3 2 1 0 <= Bit Number

Address: 000068, ICP1 ICPO | ICE1 | ICEO | EG11| EG10| EGO1| EGOO ICS01

Read/write => R/ RW RW RW RW RW RW RMW
Initial value = ¢ 0 0 0 0 0 0 0

Figure 12.3-3 Registers of 16-bit Input Capture
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m 8/16-bit PPG Timer Registers

PPG Reload Register (Upper)

Address: ch0 000039y
ch1 00003By

ch2 000041 15 14 13 12 11 10 9 8 <= Bit number
ch3 000043, ] ] ]
ch4 000049, PRLHO~5

ch5 00004By,

Readiwritec> R’ RW  RW RW  RW RW RW R/MW
Initial valuec> X X X X X X X X

PPG Reload Register (Lower)

Address: ch0 000038y
chl 00003A4

ch2 000040, 7 6 5 4 3 2 1 0 <o Bit number
ch3 000042, 1 1T 1T T 1T ] ]
ch4 000048, PRLLO-S
ch5 00004A,,

Readwritee> R RW  RW R/W RW RW RW R/MW

Initial valuec=> X X X X X X X X

PPG1/3/5 Control Register

15 14 13 12 11 10 9 8 <o Bit number
Address: ch1 00003Dy | | | | ‘ ‘ ‘ |

ch3 000045y PPGC1/3/5
ch5 00004Dy, | PEN1 | SST1 | POEL | PIE1 | PUF1 | MDO1 | MDQO |Reserved

Read/write=> R RW  RMW RMW RW RW RW RW
Initial valuec> 0 0 0 0 0 0 0 1

PPGO0/2/4 Control Register

7 6 5 4 3 2 1 0 <= Bitnumber
Address: ch0 00003Cy T T T 1 —T1 /] ]
ch2 000044y PPGCO0/2/4
ch4 00004C,, PENO | SSTO| POEO| PIEO | PUFO| POS1| pOSOQ |Reserved
Readiwrite> R\ ~ R/W RW RMW RW RW RW RW
Initial value > 0 0 0 0 0 0 0 1
PPG Clock Control Register
7 6 5 4 3 2 1 0 <= Bitnumber
Address: ch0,1 00003Ey T T 1 1 —T1 —] ]
ch2,3 000046, PCS01/23/45
ch4,5 00004Ey, PC12 | PC11 | PC10 | PCO2 | PCO1 | PCOO | — —

Readwrite> R R/W RW RW RW RW RW RW
Initial value > 0 0 0 0 0 0 X X

Figure 12.3-4 Registers of 8/16-bit PPG Timers
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m Waveform Generator Registers

8-bit Reload Register
7 6 5 4 3 2 1 0 <o Bit number

Address: ch0 000050y T T T 1 71 —] ]
ch1 000052y TMRRO0/1/2

ch2 000054y

Readwritec> Ry R'W  RW RW RW RW RW R/W
Initial value=> X X X X X X X X

8-bit timer Control Register
15 14 13 12 11 10 9 8 <o Bit number

Address: ch0 000051y
ch1 000053y —l 1 =1 1 1 -1 1 1 DTCRO/1/2

ch2 000055,; | DMOD| GTEN| PGEN| TMIF | TMIE | TMD2 | TMD1| TMDO

Read/write > R/w RW RW RW RW RW RW RW
Initial valuec> 0 0 0 0 0 0 0 0

Waveform Control Register
7 6 5 4 3 2 1 0 <= Bit Number

Address: 000056, DTIE | DTIL | NRSL| DCK2| DCK1 DCKO| PGS1| PGSO SIGCR

Read/write &> Rw RW RW RW RW RW RW RW
Initial value = 0 0 0 0 0 0 0

Figure 12.3-5 Registers of Waveform Generator
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12.3 Registers of Multi-function timer

12.3.1 Registers of 16-bit Free-Run Timer

This section describe registers of 16-bit free-run timer and register details. Those
register are compare clear registers, timer data register and timer control status
register.

m 16-bit Free-Run Timer Registers

Compare Clear Register (Upper)
15 14 13 12 11 10 9 8 <o Bit Number

Address: 000059y CL15 | CL14 | CL13 | CL12 | CL11 | CL10 | CLO9 | CLO8 CPCLR

Read/write => R RW RW RW RW RMW RIW R/W
Initial value => X X X X X X X X

Compare Clear Register (Lower)
7 6 5 4 3 2 1 0 <2 Bit Number

Address: 000058, CLO7 | CLO6| CLO5| CLO4 | CLO3| CLO2 | CLO1| CLOO CPCLR

Read/write => R/w RW RW RW RW RW RW RW
Initial value => X X X X X X X X

Timer Data Register (Upper)
15 14 13 12 11 10 9 8 <= Bit Number

Address: 00005By T15 T14 T13 T12 T11 T10 TO9 TO8 TCDT

Read/write &> R/w RW RW RW RW RW RW RW
Initial value => 0 0 0 0 0 0 0 0

Timer Data Register (Lower)

7 6 5 4 3 2 1 0 <= Bit Number
Address: 00005A T07 To6 | TO5 | TO4 | TO3 | TO2 | TOL | TOO TCDT
Read/write &> R/w RW RW RW RW RW RW RW
Initial value => 0 0 0 0 0 0 0 0

Timer Control Status Register (Upper)
15 14 13 12 11 10 9 8 <= Bit Number

Address: 00005Dy ECKE MSI2 | MSI1 | MSIO | ICLR | ICRE TCCS

Read/write &> R/w RW RW RW RW RW RW RW
Initial value => 0 X X 0 0 0 0 0

Timer Control Status Register (Lower)
7 6 5 4 3 2 1 0 <= Bit Number

Address: 00005Cy | IVF IVFE | STOP | MODE| SCLR | CLK2 | CLK1 | CLKO TCCS

Read/write => R/ RW RW RW RW RW RW RW
Initial value = 0 0 0 0 0 0 0 0

Figure 12.3.1-1 Registers of 16-bit Free-Run Timer
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12.3.1 Registers of 16-bit Free-run Timer

12.3.1.1 Compare Clear Register (CPCLR)

Compare clear register (CPCLR) is 16-bit register. When this register is matched with
the count value of 16-bit free-run timer, the 16-bit free-run timer will be reset to
“0000 "

m Compare Clear Register (CPCR)

Compare Clear Register (Upper)
15 14 13 12 11 10 9 8 <= Bit Number

Address: 000059y CL15 | CL14| CL13 | CL12 | CL11 | CLl1O | CLO9 | CLO8 CPCLR

Read/write => R/w RW RW RW RW RW RW RW
Initial value => X X X X X X X X

Compare Clear Register (Lower)
7 6 5 4 3 2 1 0 <= Bit Number

Address: 000058 CLO7 | CLO6| CLO5| CLO4 | CLO3| CLO2 | CLO1| CLOO CPCLR

Read/write => R/w RW RW RW RW RW RW RW
Initial value => X X X X X X X X

Figure 12.3.1.1-1 Compare Clear Register (CPCR)

Compare Clear Register is 16-bit register and is used to compare the count value of the 16-bit free-run
timer. The initial value of this register is undetermined, so that the register must be set a value before
starting an operation. Word access instruction to this register is recommended. When this register is
matched with the count value of 16-bit free-run timer, 16-bit free-run timer will be reset to “00004" and

the compare clear interrupt flag will be set. Furthermore, when the interrupt operation is enabled,
interrupt request will be sent to the CPU.
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12.3.1 Registers of 16-bit Free-run Timer

12.3.1.2 Timer Data Register (TCDT)

The timer data register (TCDT) is used to read the count value of 16-bit free-run timer.

m Timer Data Register (TCDT)

292

Timer Data Register (Upper)
15 14 13 12 11 10 9 8 <& Bit Number

Address: 00005B T15 T14 T13 T12 T11 T10 TO9 TO8 TCDT

Read/write o> R/ RW RW RW RW RMW RIW R/W
Initial value => o 0 0 0 0 0 0 0

Timer Data Register (Lower)
7 6 5 4 3 2 1 0 <= Bit Number

Address: 00005A TO7 TO6 TOS5 TO4 TO3 T02 TO1 TOO TCDT

Read/write &> R/w RW RW RW RW RW RW RW
Initial value = 0 0 0 0 0 0 0

Figure 12.3.1.2-1 Timer Data Register

The timer data register is used to read the count value of the 16-bit free-run timer. The counter value is
cleared to '0000’ upon a reset. The timer value can be set by writing a value to this register. However,
ensure that the value is written while the operation is stopped (STOP=1). Word access instruction to the
timer data register is recommended.

The 16-bit free-run timer is initialized upon the following factors:

Reset
Clear bit (CLR) of control status register

A match between compare clear register and the timer counter value (This can be performed only in
an appropriate mode.)
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12.3.1 Registers of 16-bit Free-run Timer

12.3.1.3 Timer Control Status Register (TCCS)

The timer control status register (TCCS) is 16-bit register and used to control the
operation of 16-bit free-run timer

m Timer control status register (Upper)

Address Bit15 Bitl14 Bitl13 Bitl12 Bit1ll Bit10 Bit9 Bit 8 Initial value

00005D+ | ECKE — — MSI2 | MSI1 | MSIO | ICLR | ICRE 0XX00000s
R/W — — R/W R/W R/W R/W R/W
I ‘
L, ICRE Compare interrupt request enable bit

0 Enable interrupt request
1 Disable interrupt request

R Compare interrupt request flag bit

”| SC11

Read Write

0 Count value and set value is not matched Clear this bit
1 Count value and set value is match No effect

» MSI2 | MSI1| MSIO Masking interrupt bits
0 0 0 Interrupt is generated when 1st match
0 0 1 Interrupt is generated when 2nd match
0 1 0 Interrupt is generated when 3rd match
0 1 1 Interrupt is generated when 4th match
1 0 0 Interrupt is generated when 5th match
1 0 1 Interrupt is generated when 6th match
1 1 0 Interrupt is generated when 7th match
1 1 1 Interrupt is generated when 8th match

» ECKE Clock selection bit

X - Indeterminate 0 | Select Internal clock
R/W : Read and write 1 | Select external clock from FRCK pin

] :Initial value
— :notused

Figure 12.3.1.3-1 Timer Control Status Register (Upper)
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Table 12.3.1.3-1 Timer Control Status Register (Upper) Bit

Bit Function
 This bit is used to select either external or internal count clock
source for the 16-bit free-run timer. Change this bit when the
ECKE: output compare and input capture are in stop status because
Bit 15 Clock Selection the clock will be chapgeq as soon as this bit is changed. _
bit Note: When selecting internal clock, set the count clock to bit
2~0 (CLK2~0). This count clock will become the base
clock. When inputting clock from FRCK pin, set
DDRZ1:bit7="0"
Bit 14 Unused bit The read value is indeterminate.
Bit 13 Writing to this bit has no effect on the operation.
These bits are used to set the number of times of masking the
compare clear interrupt. 16-bit free-run timer will reload the
_ count value every time when these 3 bits is not “000g” and the 3
Bit 12 MIS2~0: bits will be decrement by 1 until these 3 bits becomes “000g”.
E:: ﬁ) inltvtle?rslf;)?%it The number of masking interrupt = the value of these 3 bits.
(i.e. When masking two times and interrupt is generated in the
3rd time of the match, set the value = “010g". However, there is
no masking interrupt when the value is “000g”".
This bit is an interrupt request flag for compare clear.
When the compare clear register and 16-bit free-run timer value
ICLR: are matched and the counter is cleared, this bit will become “1”.
Bit 9 Compare Interrupt is generated when the interrupt request enable bit
Interrupt (Bit8: ICRE) is set to “1”.
request flag bit | « Writing “0” will clear this bit.
Writing “1” has no effect.
In Read-Modify-Write operation, “1” is always read.
ICRE:
Compare This is the interrupt request enable bit for the compare clear.
Bit 8 Interrupt When this bit is “1” and the interrupt flag (Bit9: ICLR) is set to
request enable | “1”, an interrupt will be generated.
bit

MB90560 series
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m TImer control status register (Lower)

Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Initial value
00005CH IVF IVFE | STOP | MODE | SCLR | CLK2 | CLK1 | CLKO | 000000008
R/W R/W R/W R/W R/W R/W R/W R/W
|
| l |
L Clock frequency selection bit
CLK2| CLK1| CLKO[ ", int
@=16MHz| ¢@=8MHz | ¢=4MHz | ¢@=1MHz
clock
0 0 0 [0} 62.5ns 125 ns 0.25 ps 1ps
0 0 1 @2 125 ns 0.25 s 0.5 s 2 s
0 1 0 @4 0.25 us 0.5 us 1us 4 ps
0 1 1 @8 0.5 ps 1lys 2 us 8 us
1 0 0 @16 1us 2 us 4 us 16 ps
1 0 1 @32 2 us 4 us 8 us 32 s
1 1 0 @64 4 us 8 us 16 s 64 us
1 1 1 @128 8 us 16 ps 32 us 128 ps
@ Machine cycle
—| Clear bit
SCLR
Write Read
0 No effect
— Always read "0”
1 Initialize counter to “0000y”
» MODE Initialization condition bit
0 Initialize counter by reset and clear bit (bit3: SCLR)
1 Initialize counter by reset, clear bit (bit3: SCLR) and match values
with compare register 5 of output compare.
» STOP Counter enable bit
0 Counting is enabled (operation)
1 Counting is disabled (Stop)
IVFE Timer interrupt request enable bit
0 Interrupt is disabled
1 Interrupt is enabled
Timer interrupt request flag bit
IVF
Read Write
RIW R??d and Write 0 No interrupt Request Clear this bit
7 : Initial value
1 Has interrupt request No effect
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Figure 12.3.1.3-2 Timer Control Status Register (Lower)
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Table 12.3.1.3-2 Timer Control Status Register (Lower)

Bit Function
This bit is an interrupt request flag for 16-bit free-run timer.
This bit will be set to “1” when the 16-bit free-run timer is
IVF: overflow.
Bit 7 Timer Interrupt | « Interrupt will be generated when the timer interrupt request
request enable bit (Bit6: IVFE) is set to “1".
flag bit Writing “0” will clear this bit.
Writing “1” has no effect.
In Read-Modify-Write operation, “1” is always read.
IVFE: This is the interrupt request enable bit for 16-bit free-run timer
Bit 6 Timer interrupt | clear. _ . o
request enable | « When this bit is “1” and the timer interrupt request flag bit (Bit7:
bit ICLR) is set to “1”, an interrupt will be generated.
This bit is used to stop/start the counting of the 16-bit free-run
timer.
STOP: Writing “1” to this bit will stop the counting of the 16-bit free-run
Bit5 Counter enable tlm.e.r C . .
bit V_Vntlng “0” to this bit will start the counting of the 16-bit free-run
timer.
Note: When the 16-bit free-run timer is stopped, the output
compare operation will be also stopped
This bit is used to set the initializing condition for the 16-bit free-
run timer.
When it is “0”, 16-bit free-run counter will be initialized by the
MODE: reset and the clear bit reset (bit 3:SCLR).
Bit 4 Initialization When it is “1”, 16-bit free-run timer will be initialized by not only
condition bit the reset and the clear bit reset (bit 3:SCLR), but also when the
count value is matched with the compare clear register.
Note: Initialization of the counter value will be at the changing
point of the count value.
This bit is used to initialize the 16-bit free-run time to the value
of “0000y".
Writing “1” will initialize 16-bit free-run counter to “00004”
Writing “0” has no meaning.
Bit 3 SCLR: Read value is always “0”
Clear bit Note: Initialization of the counter value will be at the changing
point of the count value.
Note: If the initialization when the counter is stopped, write
“0000y" to the data register.
Bit 2 CLK2~0: This bit is used to select count clock for the 16-_bit free-run timer.
Bit 1 Clock Change this bit when the output compare and input capture are
Bit O frquency in stop status because the clock will be changed as soon as this
section bit bit is changed.
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12.3 Registers of Multi-Function Timer

12.3.2 Registers of 16-bit Output Compare

This section describe registers of 16-bit output compare and register details.

m Output Compare Registers

Compare Register (Upper)

Address: ch0 000071y
ch1 000073y
ch2 000075y 15 14 13 12 11 10 9 8
ch3 000077 [ [ \ \ \ | [ [

ch4 000079y OCCPO~5
ch5 00007By, OP15| OP14| OP13| OP12| OP11| OP10 | OPQ9 | OP08

<a Bit number

Readwritec> R RIW  RW RW RW RMW RMW R/W
Initial value => X X X X X X X X

Compare Register (Lower)

Address: ch0 000070y
ch1 000072y )
ch2 000074y, 7 6 5 4 3 2 1 0 <a Bit number
ch3 000076y ]

OCCPO~5
ch4 000078y
ch5 00007Ay OPOQ7 | OP0O6 | OP0O5 | OP0O4 | OPO3 | OP02 | OPO1 | OP0OO

Read/writee> Ry RW RMW RW RW RW RW R/W
Initial value=> X X X X X X X X

Compare Control Register (Upper)
15 14 13 12 11 10 9 8 <o Bit number

Address: chl 00007Dy
enz oooorr L — T — L T T T 1
ch5 000081, CMOD| OTE1 | OTEO | OTD1 |OTDO

OCS1/3/5

Read/write=> Ry’  RW RW RW RW RW RMW R/W
Initial valuec> X X X 0 0 0 0 0

Compare Control Register (Lower)

7 6 5 4 3 2 1 0 <= Bit number
Address: ch0 00007C [ ‘ ‘ [ [ | | ‘

ch2 00007Ey
ch4 000080, IOP1 | IOPO | IOE1 | IOEO — — | CST1 |CSTO

0OCSs0/2/4

Read/writee> Ry RW RW  RMW  RW RW  RW  RW
Initial value=> 0 0 0 X X 0 0

Figure 12.3.2-1 Registers of Output Compare
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12.3.2 Registers of 16-bit Output Compare

12.3.2.1 Compare Registers (OCCP0~5)

Compare registers (OCCPO0O~5) are used to set the compare value for the 16-bit free-run
timer.

m Compare Registers (OCCP0~5)

Compare Register (Upper)

Address: ch0 000071y
ch1 0000734

ch2 000075y 15 14 13 12 11 10 9 8 <o Bit number
ch3 000077H /| /| /| /| /‘ /‘ /‘ /|
ch4 000079y OCCPO~5

OP15| OP14| OP13| OP12| OP11| OP10 | OPO9 | OPO8

ch5 00007By

Readwritee> Ry R'W  RW RW RW RW RW R/MW
Initial value=> X X X X X X X X

Compare Register (Lower)

Address: ch0 0000704

ch1 000072

ch2 000074: 7 6 5 4 3 2 1 0 <2 Bit number
ch3 0000764 | | [ \ \ | [ [ 0CCPO5
ch4 000078y ~
ch5 00007A OP07 | OP06| OP05 | OP04 | OP03 | OP0O2 | OP0O1 | OPOO

Read/writee> Ry RIW  RW RW RW RW RW RW
Initial value=> X X X X X X X X

Figure 12.3.2.1-1 Compare Registers (OCCP0~5)

The compare registers (OCCPO0~5) are 16-bit registers which are used to compare the count value of
16-bit free run timer. The initial values of the compare registers (OCCP0~5) are undetermined, so that
the value must be set before enabling the operation. Word access instruction to this register is
recommended. When the value of this register matches that of the 16-bit free-run timer, a compare
signal is generated to set the output compare interrupt flag. If output is enabled, the output level
(RTO~5) corresponding to the compare register (OCCPO0~5) is reversed.
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12.3.2 Registers of 16-bit Output Compare

12.3.2.2 Compare Control Registers (OSCO0/1/2/3/4/5)

Compare control register is used to control the output level, output enable, output
reverse mode, compare operation enable, compare match interrupt enable and
compare match interrupt flag for RTOO~5.

m Compare control register (Upper, OSC1/3/5)

Address Bit15 Bit14 Bit13 Bitl12 Bit1l Bit10 Bit9 Bit 8 Initial value
ch1: 00007Dn - - - CMOD | OTE1 | OTEO | OTD1 | OTDO | XXX00000e
Ch3: 00007FH ; . . ; W
Ch5: 0000811 - — RwW RW RW RW R
— |
OTDO Output level bit
0 Output “0” for RTO/RT2/RT4
1 Output “1” for RTO/RT2/RT4
—| OTD1 Output level bit
0 Qutput “0” for RT1/RT3/RT5
1 Output “1” for RT1/RT3/RT5
»  OTEO Output enable bit
0 General-purpose port (port 30/32/34)
1 Qutput compare output pin (RTO/RT2/RT4)
» OTE1l Output enable bit
0 General-purpose port (Port 31/33/35)
1 Output compare output pin (RT1/RT3/RT5)
» CMOD Output level reverse mode bit

RTO0/2/4: The level is reversed upon a match with
0 compare register 0/ 2/ 4.
RT1/3/5: The level is reversed upon a match with
compare register 1/3/5 respectively

X Indetermlnat(? RTO/2/4: The level is reversed upon a match with
R/W : Read and write 1 compare register 0/2/4.
it RT1/3/5: The level is reversed upon a match with
—- In|tt|a| vz(ajlue compare registerOor 1,2 or 3,4 or 5.
— :notuse

Figure 12.3.2.2-1 Compare Control Register (Upper, OSC1/3/5)
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Table 12.3.2.2-1 Compare Control Register (Upper, OSC1/3/5) Bit

Bit

Function

Bit 15
Bit 14
Bit 13

Unused bit

The read value is indeterminate.
Writing to this bit has no effect on the operation.

Bit 12

CMOD:
Output Level
reverse mode

bit

CMOD is used to switch the pin output level reverse mode upon
a match while pin output is enabled (OTE1=1 or OTEO0=1).
When CMOD=0 (default), the output level of the pin is reversed
upon a match with corresponding compare register.
RTO/2/4: The level is reversed upon a match between the
16-bit free-run timer and compare register 0/2/4.
RT1/3/5: The level is reversed upon a match between the
16-bit free-run timer and compare register 1/3/5.
When CMOD=1, the output level of the pin corresponding to
compare register is reversed as same as when CMOD=0.
However, the output level of the pin (RT1) corresponding to
compare register 1 is reversed only when a match is detected in
both compare register 0 and 1. If compare registers 0 and 1
have the same value, the same operation as when only one
compare register is used.
RTO/2/4: The level is reversed upon a match between the
16-bit free-run timer and compare register 0/2/4.
RT1/3/5: The level is reversed upon a match between the
16-bit free-run timer and compare register O or 1, 2
or 3,4 orb5.

Bit 11

OTE1:
Output enable
bit

This bit is used to enable output compare pin output for output

compare 1/3/5.

The initial value for these bits is '0".

Note: The output enable bit of the waveform generator must
be set when dead-time timer is used in the waveform
generator.

Bit 10

OTEO:
Output enable
bit

This bit is used to enable output compare pin output for output

compare 0/2/4.

The initial value for these bits is '0.’

Note: The output enable bit of the waveform generator must
be set when dead-time timer is used in the waveform
generator.

Bit 9

OTD1:
Output level
bit

This bit is used to change the pin output level for output
compare 1/3/5 when the output compare pin output is enabled.
The initial value of the compare pin output is '0.'

Ensure that the compare operation is stopped before a value is
written. When reading this bit, this bit indicate the output
compare pin output value

Bit 8

OTDO:
Output level
bit

This bit is used to change the pin output level for output
compare 0/2/4 when the output compare pin output is enabled.
The initial value of the compare pin output is '0.'

Ensure that the compare operation is stopped before a value is
written. When reading this bit, this bit indicates the output
compare pin output value.
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m Compare control register (Lower, OSC0/2/4)

Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Initial value
chO: 00007Cx | IOP1 | IOPO | IOE1 | IOEO - - CST1 | CSTO | 000000008
ch2: 00007Ewn
cha: 000080k R/W R/W R/W R/W — — R/|\N R/W
L CSTO Compare operation enable bit
0 Disable compare operation for compare register 0/2/4
1 Enable compare operation for compare register 0/2/4
» CST1 Compare operation enable bit
0 Disable compare operation for compare register 1/3/5
1 Enable compare operation for compare register 1/3/5
IOEO Compare match interrupt enable bit
0 Disable compare match interrupt for compare register 0/2/4
1 Enable Compare match interrupt for compare register 0/2/4)
» IOE1l Compare match interrupt enable bit
0 Disable compare match interrupt for compare register 1/3/5
1 Enable Compare match interrupt for compare register 1/3/5
» |OPO Compare match interrupt flag bit
0 No compare match interrupt for compare register 0/2/4
1 Compare match interrupt for compare register 0/2/4
» IOP1 Compare match interrupt flag bit
0 No compare match interrupt for compare register 1/3/5
1 Compare match interrupt for compare register 1/3/5
R/W : Read and Write
7 :Initial value
— :notused

Figure 12.3.2.2-2 Compare Control Register (Lower, OSCO0/2/4)
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Table 12.3.2.2-2 Compare Control Register (Lower, OSC0/2/4)

Bit Function
This bit is an interrupt flag for when compare register 1/3/5 is
matched with the value of 16-bit free-run timer.
'1' is written to this bit when the compare register value matches
IOP1: the 16-bit free-run timer value.
Bit 7 Comparematch | « While the interrupt request bits (IOE1) is enabled, an output
interrupt flag bit| compare interrupt occurs when the IOP1 bit is set.
Writing “0” will clear this bit.
Writing “1” has no effect.
In Read-Modify-Write operation, “1” is always read.
This bit is an interrupt flag for when compare register 0/2/4 is
matched with the value of 16-bit free-run timer.
"1' is written to this bit when the compare register value matches
IOPO: the 16-bit free-run timer value.
Bit 6 Comparematch | « While the interrupt request bits (IOEQ) is enabled, an output
interrupt flag bit| compare interrupt occurs when the IOPO bit is set.
Writing “0” will clear this bit.
Writing “1” has no effect.
In Read-Modify-Write operation, “1” is always read.
IOEL: This bit is used to enable output compare interrupt for compare
Bit 5 Comparematch | register 1/3/5. .
interruptenable | « While the '1' is written to this bit, an output compare interrupt
bit occurs when an interrupt flag (IOP1) is set.
IOEO: This bit is used to enable output compare interrupt for compare
Bit 4 Comparematch | register 0/2/4. .
interruptenable | « While the '1' is written to this bit, an output compare interrupt
bit occurs when an interrupt flag (IOPQ) is set.
Bit 3 Unused bit The read value is indeterminate.
Bit 2 Writing to this bit has no effect on the operation.
This bit is used to enable the compare operation between 16-bit
CST1: free-run timer and compare register 1/3/5 _
. Compare Ensure that a value is written into the compare register and
Bit 1 operation timer data register before the compare operation is enabled.
enable bit Note: Since output compare is synchronized with the 16-bit
free-run timer clock, stopping the 16-bit free-run timer
stops compare operation.
This bit is used to enable the compare operation between 16-bit
CSTO: free-run timer and compare register 0/2/4
_ Com Ensure that a value is written into the compare register and
pare ) ) v
Bit 0 operation timer data register before the compare operation is enabled.
enable bit Note: Since output compare is synchronized with the 16-bit

free-run timer clock, stopping the 16-bit free-run timer
stops compare operation.
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12.3 Registers of Multi-Function Timer

12.3.3 Registers of 16-bit Input Capture

The section describe the registers of 16-bit input capture, which are input capture
registers and capture control registers.

m Input capture registers

Input Capture Register (Upper)

Address: ch0 000061 15 14 13 12 11 10 9 8 <= Bit number
chl 000063y
ch2 000065, 1 1 1 71 1 1T 1 ] IPCPO~3
ch3 000067, | CP15| CP14| CP13| CP12| CP1l| CP10 | CP09 | CPO8
Readiwrite> Ry RW RW RW RW RW RW RW
Initial value > X X X X X X X X
Input Capture Register (Lower)
Address: ch0 000060y 7 6 5 4 3 2 1 0 <= Bit number
chl 000062y [ ‘ ‘ | | | ‘ ‘
ch2 000064, IPCPO~3
ch3 000066, CP0O7 | CP06 | CPO5 | CP0O4 | CP03 | CP02 | CP0O1 | CPOO
Read/writec> R/lw  RW RW RW RW RW RW R/W
Initial value => X X X X X X X X
Capture Control Register (Upper)
15 14 13 12 11 10 9 8 <2 Bit Number

Address: 000069 ICP3 | ICP2 | ICE3 | ICE2 | EG31| EG30 | EG21| EG20 ICS23

Read/write => R/ RW RW RW RW RW RW R/W
Initial value = ¢ 0 0 0 0 0 0 0

Capture Control Register (Lower)

7 6 5 4 3 2 1 0 <2 Bit Number
Address: 000068, ICP1 | ICPO | ICE1 | ICEO | EG1l| EG10| EGO1| EGO0O ICS01
Read/write => R/w RW RW RW RW RW RW RW
Initial value = ¢ 0 0 0 0 0 0 0

Figure 12.3.3-1 Registers of 16-bit Input Capture
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12.3.3 Registers of 16-bit input Capture

12.3.3.1 Input Capture Register (IPCP0~3)

Input Capture registers are used to hold the count value of 16-bit timer when a valid
edge of the input waveform is detected.

m Input capture register (IPCP0~3)

Input Capture Register (Upper)

Address: ch0 0000614 15 14 13 12 11 10 9 8

h1 000063
thOOOOGS: 1 1 1 1 1 1 1 ]

ch3 000067, | CP15| CP14| CP13| CP12| CP11| CP10 | CP09 | CPO8

Readwritee> R R/W RW RW RW RW RW RMW
Initial valuec> X X X X X X X X

Input Capture Register (Lower)

Address: ch0 000060y 7 6 5 4 3 2 1 0 <= Bit number
chl 000062y [ [ ‘ ‘ | [ | |
ch2 000064 IPCPO~3
ch3 000066y, CPO7 | CP0O6 | CP0O5 | CP0O4 | CP0O3 | CPO2 | CPO1 | CPOO

Read/writee> Ry RIW  RW RW RW RW RW RW
Initial value > X X X X X X X X

Figure 12.3.3.1-1 Input Capture Registers (IPCP0~3)
This register is used to store the value of the 16-bit timer when a valid edge of the corresponding external

pin input waveform is detected. (Word access instruction to this register is recommended. No data can be
written to this register.)
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12.3.3 Registers of 16-bit input Capture

12.3.3.2 Capture Control Registers (ICS23, ICS01)

Capture control registers (ICS23, ICS01) are used to control edge selection, interrupt
request enable and interrupt request flag for input capture 0~3.

m Capture control register (ICS23)

Address Bit15 Bit14 Bit13 Bit12 Bit1ll Bit10 Bit9 Bit 8 Initial value
000069+ | ICP3 ICP2 ICE3 ICE2 | EG31 | EG30 | EG21 | EG20 000000008
R/W R/W R/W R/W R/W R/W R/W R/W
L
EG21 EG20 Edge selection bit (input capture 2)
0 0 No Edge detection (Stop)
0 1 Rising edge detection
1 0 Falling edge detection
1 1 Both edges detection
EG31 EG30 Edge selection bit (input capture 3)
0 0 No Edge detection (Stop)
0 1 Rising edge detection
1 0 Falling edge detection
1 1 Both edges detection
» ICE2 Interrupt request enable bit (Input capture 2)
0 Disable interrupt request
1 Enable interrupt request
» ICE3 Interrupt request enable bit (Input capture 3)
0 Disable interrupt request
1 Enable interrupt request
Interrupt request flag bit (Input capture 2)
» ICP2
Read Write
0 No valid detected Clear this bit
1 Valid detected No effect
Interrupt request flag bit (Input capture 3)
(I Read Write
0 No valid detected Clear this bit
R/W : Read and Write 1 Valid detected No effect
[T :Initial value

Figure 12.3.3.2-1 Capture Control Register (ICS23)
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Table 12.3.3.2-1 Capture Control Register (ICS23) Bit

Bit Function
This bit is used as interrupt request flag for input capture 3.
“1” is written to this bit upon detection of a valid edge of an
ICP3: external input pin.
. Interrupt request While the interrupt enable bit (ICE3) is set, an interrupt can be
Bit 15 ) X .
flag bit generated upon detection of a valid edge.
(Input capture 3) Writing “0” will clear this bit.
Writing “1” has no effect.
In Read-Modify-Write operation, “1” is always read.
This bit is used as interrupt request flag for input capture 2.
“1" is written to this bit upon detection of a valid edge of an
ICP2: external input pin.
. Interrupt request While the interrupt enable bit (ICE2) is set, an interrupt can be
Bit 14 . -
flag generated upon detection of a valid edge.
(Input capture 2) Writing “0” will clear this bit.
Writing “1” has no effect.
In Read-Modify-Write operation, “1” is always read.
ICE3: This bit is used to enable input capture interrupt request for
Bit 13 Interrupt request input capture 3.
enable bit While “1” is written to this bit, an input capture interrupt is
(Input capture 3) generated when the interrupt flag (ICP3) is set.
ICE2: This bit is used to enable input capture interrupt request for
Bit 12 Interrupt request input capture 2.
enable bit While “1” is written to this bit, an input capture interrupt is
(Input capture 2) generated when the interrupt flag (ICP2) is set.
Bit 11 EG31, EG?’O.: These bits are used to specify the valid edge polarity of an
. Edge selection . .
Bit 10 bit external input for input capture 3.
These bits are also used to enable input capture operation.
(Input capture 3)
. EG21, EGZO.: These bits are used to specify the valid edge polarity of an
Bit 9 Edge selection : )
Bit 8 bit external input for input capture 2.

(Input capture 2)

These bits are also used to enable input capture operation.
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m Capture control register (ICS01)

Address Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Initial value
000068+ | ICP1 ICPO ICE1 ICEO | EG11 | EG10 | EGO1 | EGOO 000000008
R/W R/W R/W R/W R/W R/W R/W R/W
L
EGO1 EGO00 Edge selection bit (input capture 0)
0 0 No Edge detection (Stop)
0 1 Rising edge detection
1 0 Falling edge detection
1 1 Both edges detection
EG11 EG10 Edge selection bit (input capture 1)
0 0 No Edge detection (Stop)
0 1 Rising edge detection
1 0 Falling edge detection
1 1 Both edges detection
» ICEO Interrupt request enable bit (Input capture 0)
0 Disable interrupt request
1 Enable interrupt request
» ICE1l Interrupt request enable bit (Input capture 1)
0 Disable interrupt request
1 Enable interrupt request
Interrupt request flag bit (Input capture 0)
» ICPO
Read Write
0 No valid detected Clear this bit
1 Valid detected No effect
Interrupt request flag bit (Input capture 1)
(B Read Write
0 No valid detected Clear this bit
R/W : Read and Write 1 Valid detected No effect

1 : Initial value
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Figure 12.3.3.2-2 Capture Control Register (ICS01)

CHAPTER 12 MULTI-FUNCTION TIMER

MB90560 series



Table 12.3.3.2-2 Capture Control Register (ICS01)

Bit Function
This bit is used as interrupt request flag for input capture 1.
“1" is written to this bit upon detection of a valid edge of an
ICP1: external input pin.
: Interrupt request While the interrupt enable bit (ICE1) is set, an interrupt can be
Bit 7 . . .
flag bit generated upon detection of a valid edge.
(Input capture 1) Writing “0” will clear this bit.
Writing “1” has no effect.
In Read-Modify-Write operation, “1” is always read.
This bit is used as interrupt request flag for input capture 0.
“1" is written to this bit upon detection of a valid edge of an
ICPO: external input pin.
: Interrupt request While the interrupt enable bit (ICEO) is set, an interrupt can be
Bit 6 . .
flag generated upon detection of a valid edge.
(Input capture 0) Writing “0” will clear this bit.
Writing “1” has no effect.
In Read-Modify-Write operation, “1” is always read.
ICP1: This bit is used to enable input capture interrupt request for
Bit 5 Interrupt request input capture 1.
enable bit While “1” is written to this bit, an input capture interrupt is
(Input capture 1) generated when the interrupt flag (ICP1) is set.
ICPO: This bit is used to enable input capture interrupt request for
Bit 4 Interrupt request input capture 0.
enable bit While “1” is written to this bit, an input capture interrupt is
(Input capture 0) generated when the interrupt flag (ICPO) is set.
. EG11, EGlO.: These bits are used to specify the valid edge polarity of an
Bit 3 Edge selection . ;
: : external input for input capture 1.
Bit 2 bit . . .
These bits are also used to enable input capture operation.
(Input capture 1)
. EGOL, EGOO.: These bits are used to specify the valid edge polarity of an
Bit 1 Edge selection . ;
Bit 0 bit external input for input capture 0.

(Input capture 0)

These bits are also used to enable input capture operation.
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12.3 Registers of Multi-Function Timer

12.3.4 Register of 8/16-bit PPG Timer

This section describe registers of 8/16-bit PPG timer, that are PPG reload timer x 6,
PPG control register x 6 and PPG clock control register x 3.

m 8/16-bit PPG Timer Registers
PPG Reload Register (Upper)

Address: ch0 000039y

ch1 00003By

ch2 000041 15 14 13 12 11 10 9 8 <= Bit number
ch3 0000434 [ [ [ [ [ [ [ [

ch4 000049, PRLHO~5

ch5 00004By

Read/write=> Rty  RW RMW RW RW RW RMW R/W
Initial valuec> X X X X X X X X

PPG Reload Register (Lower)

Address: ch0 000038y
chl 00003Ay

ch2 000040y, 7 6 5 4 3 2 1 0 <o Bit number
ch3 000042y, =
ch4 000048, PRLLO~5
ch5 00004A,
Readwrite=> Ry RW RW RW RW RW RW RMW
Initial value > X X X X X X X X
PPG1/3/5 Control Register
15 14 13 12 1 10 9 8 <o Bit number
Address: chl 00003Dy
ch3 000045, —l 1 =1 1 1 1 1 1 PPGC1/3/5

ch5 00004Dy, | PEN1 SST1 | POE1 | PIE1 | PUF1 | MDO1 | MDOO |Reserved

Read/writec> Ry RW  RW RW RW RW RW RW
Initial value=> 0 0 0 0 0 0 0 1

PPGO0/2/4 Control Register

7 6 5 4 3 2 1 0 <= Bitnumber
Address: ch0 00003CH ]
ch2 000044y PPGCO0/2/4
ch4 00004C,, PENO | SSTO| POEO| PIEO PUFO| POS1 | pOSO |Reserved
Read/write=> R\ RMW RW RW RW RW RW R/W
Initial value > 0 0 0 0 0 0 0 1
PPG Clock Control Register
7 6 5 4 3 2 1 0 <a Bit number
Address: ch0,1 00003E
ch2,3 000046,:| /| PCS01/23/45
Ch4,5 OOOO4EH PC12 PC11 PC10 | PC02 PCO1 | PCOO - -

Read/writec> Rl RIW  RW RW RW RMW RMW  RW
Initial value => 0 0 0 0 0 X X

Figure 12.3.4-1 Registers of 8/16-bit PPG Timers
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12.3.4 Registers of 8/16-bit PPG Timer

12.3.4.1 PPG Reload Register (PRLHO~5, PRLLO~5)

PPG reload registers (PRLHO~5, PRLLO~5) are 8-bit register that is used to store the
reload values for the down counter.

m PPG reload register (PRLHO~5, PRLLO~5)

PPG Reload Register (Upper)

Address: ch0 000039y
chl 00003By
ch2 000041, 15 14 13 12 11 10 9 8 <o Bit number
Ch3000043H /| /| /‘ /‘ /‘ /| /| /|
ch4 000049, PRLHO~5
ch5 00004By

Readwrite=> R R/W RW RW RW RW RMW RMW
Initial value> X X X X X X X X

PPG Reload Register (Lower)

Address: ch0 000038y
chl 00003AyH

ch2 000040, 7 6 5 4 3 2 1 0 <= Bitnumber
ch3 000042, =
ch4 000048, PRLLO=S
ch5 00004A,

Read/writec> Rl RIW  R/W RW RW RMW RW RW

Initial value > x X X X X X X X

Figure 12.3.4.1-1 PPG Reload Register (PRLHO~5, PRLL0~5)

These are 8-bit registers that is used to store the reload values for the down counter. Their function are
described below.

Table 12.3.4.1-1 Function of PPG Reload registers

Register Name Function
PRLLO-5 Store the Lower byte of reload value
PRLHO~5 Store the Upper byte of reload value

These registers are readable and writable.

Note: In 8+8-bit PPG mode, setting different values in PRLL and PRLH of ch0/2/4 may cause the
PPG waveform of ch1/3/5 to vary in each cycle. Write the same value to PRLL and PRLH of
ch0/2/4.
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12.3.4 Registers of 8/16-bit PPG Timer

12.3.4.2 PPG Control Register (PPGCO0~5)

PPG control registers (PPGCO0~5) are used to control the operation mode, interrupt
request enable, interrupt request flag, output enable, start selection, operation enable
and the output level polarity for PPGO~5 timers.

m PPG1/3/5 control register (PPGC1/3/5)

Address Bit15 Bit14 Bit13 Bitl12 Bit1l Bit10 Bit9 Bit 8 Initial value
ch1: 00003Dx | PEN1 | SST1 | POE1 | PIE1 | PUF1 | MDO1 | MDOO | Reserved | 000000018
ch3: 000045
chs 000040, RMW RW RW RW RW RW RW RW
L |
[ MOD1 MODO PPG1/3/5 timer operation mode bit
0 0 8-bit PPG 2ch independent mode
0 1 8 + 8-bit PPG mode
1 0 Reserved (setting inhibited)
1 1 16-bit PPG 1ch mode
Interrupt request flag bit for PPG1/3/5
» PUF1 -
Read Write
0 No overflow of PPG1/3/5 timer Clear this bit
1 Overflow of PPG1/3/5 timer No effect
PIE1 Interrupt request enable bit for PPG1/3/5
0 Disable interrupt request for PPG1/3/5
1 Enable interrupt request for PPG1/3/5
> POE1l Output enable bit for PPG1/3/5
0 General-purpose port (P42/44/46)
1 PPG output port for PPG1/3/5
» SST1 Start select bit for PPG1/3/5
0 PPG1/3/5 will be operated when PEN1="1".
1 PPG1/3/5 will be operated when GATE="H".
PEN1 Operation enable bit for PPG1/3/5
0 Sop operation for PPG1/3/5
1 Start operation for PPG1/3/5
R/W : Read and Write
1 : Initial value

Figure 12.3.4.2-1 PPG1/3/5 Control Register (PPGC1/3/5)
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Table 12.3.4.2-1 PPG1/3/5 Control Register (PPGC1/3/5) Bit

Bit Function
PEN1: » This bit is used to enable the operation of PPG1/3/5.
. Operation * When SST1="0", writing “1” will start the PPG1/3/5 operation
Bit 15 . o e ;
enable bit and writing “0” will stop the operation.
for PPG1/3/5 * When SST1="1", setting this bit cause no effect.
 This bit is used to select the start condition of PPG1/3/5.
SST1: » After writing “0” to this bit, the PPG1/3/5 will be operated
Bit 14 | Start select bit depending on the PEN1 bit.
for PPG1/3/5 » Writing “1” to PEN1 bit while this bit is “1”, PPG1/3/5 will be
operated while the GATE signal is “H".
POEZ1: L .
.  This bit is used to select either the pulse output of PPG1/3/5 or
Bit 13 | Output
enable bit general-purpose port.
PIE1: s .
_ Interrupt request . Th|§ bit is u;ed t_o enable an mtgrrupt request_for PPG1/3/5.
Bit 12 . * While "1" is written to this bit, PPG1/3/5 is generated an
enable bit interrupt when the interrupt flag (PUF1) is set
for PPG1/3/5 '
» This bit is used as an interrupt request flag for PPG1/3/5
underflow.
* In 8-bit PPG 2ch independent mode or 8+8-bit PPG mode, "1”
PUF1: is written to this bit when an underflow occurs as a result of the
Bit 11 | Interrupt request ch0/2/4 counter value becoming between 00H and FFH.
flag bit * In 16-bit PPG 1ch mode, "1" is written to this bit when an
for PPG1/3/5 underflow occurs as a result of the ch1/ch0, ch2/ch3 and ch4/
ch5 counter value becoming between 0000H and FFFFH.
» Writing “0” will clear this bit. Writing “1” has no effect.
* In Read-Modify-Write operation, “1” is always read.
 This bit is used to select operation mode of PPG1/3/5.
Note: Do not set “10” in this bit.
Note: When these bits are set to “01”, do not set the
PPGCO0/2/4:PENO and PPGC1/3/5:PEN1 bits to “01".
It is recommended that the PENO and PEN1 bits be
MDOL, MDOO: fet"to “11"_or “00”". When MOD1 and MODO are set to
Bit 10 | PPG1/3/5 timer 11", rewrite PPGCO0/2/4 and PPQC1/3/5 by word
Bit 9 operation transfer to set t_he PENO and PENL1 bits to “11” or “00".
mode bit Note: When these bits are set to “01", be sure to set the
PPGCO0/2/4:PENO bit to “1” before setting the PPGC1/
3/5:SST1 bit to “1”. When the PENO bit is set to “0”, be
sure to set the SST1 bit to “0” in advance. When
MOD1 and MODO are set to “11”, rewrite PPGCO0/2/4
and PPGC1/3/5 by word transfer to set the SSTO and
SST1 bits to “11” or “00".
Bit 8 Reserved bit » Always setting this bit to “1” when setting PPGC1/3/5
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m PPGO0/2/4 control register (PPGCO0/2/4)

Address Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Initial value

ch0: 00003CH | PENO | SSTO | POEO | PIEO PUFO | POS1 | POSO |Reserved| 000000018
ch2: 000044+
ch4: 00004CH

R/W R/W R/W R/W R/W R/W R/W R/W

POSO Pulse polarity bit for PPG0/2/4
0 Positive pulse
1 Negative pulse (reverse mode)
» POS1 Pulse polarity bit for PPG1/3/5
0 Positive pulse
1 Negative pulse (reverse mode)
Interrupt request flag bit for PPG0/2/4
» PUFO -
Read Write
0 No overflow of PPGO0/2/4 timer Clear this bit
1 Overflow of PPG0/2/4 timer No effect
PIEO Interrupt request enable bit for PPG0/2/4
0 Disable interrupt request for PPG0/2/4
1 Enable interrupt request for PPG0/2/4
» POEO Output enable bit for PPG0/2/4
0 General-purpose port (P41/43/45)
1 PPG output port for PPG0/2/4
» SSTO Start select bit for PPG0/2/4
0 PPGO0/2/4 will be operated when PEN1="1".
1 PPGO0/2/4 will be operated when GATE="H".
» PENO Operation enable bit for PPG0/2/4
R/W : Read and Write 0 Sop operation
1 : Initial value 1 Start operation

Figure 12.3.4.2-2 PPGO0/2/4 Control Register (PPGC0/2/4)
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Table 12.3.4.2-2 PPGO0/2/4 Control Register (PPGO0/2/4)

Bit Function
PENO: This bit is used to enable the operation of PPGO0/2/4.
: Operation When SST1="0", writing “1” will start the PPGO0/2/4 operation
Bit 7 . e :
enable bit and writing “0” will stop the operation.
for PPGO0/2/4 When SST1="1", setting this bit cause no effect.
This bit is used to select he start condition of PPGO0/2/4.
SSTO: After writing “0” to this bit, the PPGO0/2/4 will be operated
Bit 6 Start select bit depending on the PEN1 bit.
for PPGO0/2/4 Writing “1” Writing “1” to PENO bit while this bit is “1”, PPG0/2/4
will be operated while the GATE signal is “H”.
POEO: s .
Bit 5 Output This bit is used to select either the pulse output of PPG0/2/4 or
enable bit general-purpose port.
PIEO: s .
Interrupt request This bit is used to enable an interrupt request for PPG0/2/4.
Bit 4 ptreq While '1' is written to this bit, PPGO0/2/4 is generated an interrupt
enable bit when the interrupt flag (PUFO) is set
for PPGO/2/4 ptiiag '
This bit is used as an interrupt request flag for PPGO0/2/4
underflow.
In 8-bit PPG 2ch independent mode or 8-bit prescaler + 8-bit
PUEO: PPG mode, '1' is written to this bit when an underflow occurs as
' a result of the ch0/2/4 counter value becoming between OOH
. Interrupt request
Bit 3 flag bit and FFH.
forgPPGO/2/4 In 16-bit PPG 1ch mode, '1' is written to this bit when an
underflow occurs as a result of the ch1/ch0, ch2/ch3 and ch4/
ch5 counter value becoming between 0000H and FFFFH.
Writing “0” will clear this bit. Writing “1” has no effect.
In Read-Modify-Write operation, “1” is always read.
POS1: Thls bit is used to select the pulse polarity to the external pin for
Bit 2 Pulse polarity P P y P
; . PPG1/3/5
selection bit
POS1: This bit is used to select the pulse polarity to the external pin for
Bit 1 Pulse polarity P P y P
; . PPGO0/2/4.
selection bit
Bit 0 Reserved bit Always setting this bit to “1” when setting PPGCO0/2/4
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12.3.4 Registers of 8/16-bit PPG Timer

12.3.4.3 PPG Clock Control Register (PCS01/23/45)

PPG clock control registers (PCS01/23/45) are used to control the operating clock
frequency for PPGO~5.

m PPG clock control register (PCS01/23/45)

Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Initial value

ch0,1: 00003E+| PC12 | PC11 | PC10 | PCO2 | PCO1 | PCOO — - 000000XXe
ch2,3: 000046+
ch4,5: 00004EH

R/IW R/IW R/W R/W R/W R/W — —

PC02| PC0O1| PCOO Operation clock for ch0/2/4

0 0 0 @ (62.5 ns, ¢=16MHz)

0 0 1 @2 (125 ns, =16MHz)

0 1 0 | ¢4 (250 ns, g=16MHz)

0 1 1 @8 (500 ns, e=16MHz)

1 0 0 @16 (1 ps, ¢=16MHz)

1 0 1 @32 (2 ps, ¢=16MHz)

1 1 0 @64 (4 ps, ¢=16MHz)

1 1 1 Input clock from timebase trimmer
@. Machine clock

PC12| PC11| PC10 Operation clock for ch1/3/5
0 0 @ (62.5 ns, ¢=16MHz)

@2 (125 ns, ¢=16MHz)

@4 (250 ns, =16MHz)

@8 (500 ns, ¢=16MHz)

@16 (1 ps, ¢=16MHz)

@32 (2 ps, ¢=16MHz)

@64 (4 us, ¢=16MHz)

o

0
1
1
0
0
1
1

Rr|lo|lRr|O|lkr|O|rR

Input clock from timebase trimmer

|||, O|lO| O

X :lIndeterminate [0}
R/W : Read and write
7 - Initial value

— :notused

achine clock

Figure 12.3.4.3-1 PPGO0/1/2/3/4/5 Clock Control Register (PCD01/23/45)
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Table 12.3.4.3-1 PPGO0/1/2/3/4/5 Clock Control Register (PPGO0/2/4)

Bit Function
Bit 7 PC12~0: » These bits select the PPG1/3/5 down counter operation clock.
. Operation clock Note: In 8 + 8-bit PPG mode or in 16-bit PPG mode, PPG1/3/
Bit 6 . .
Bit 5 control bit for 5 operates in response to a counter clock from PPGO/
PPG1/3/5 2/4. Therefore, the PCS12~0 bits are invalid.
Bit 4 gcgrzz;t?én clock
Bit 3 P . » These bits select the PPGO0/2/4 down counter operating clock.
Bit 2 control bit for
PPGO0/2/4
Bit 1 Unused bit » The read values are indeterminate.
Bit 0 » Writing to these bits have no effect on the operation.
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12.3 Registers of Multi-Function Timer

12.3.5 Registers of Waveform Generator

This section describe registers of waveform generator and their details. Those
registers are 8-bit reload register x 3, 8-bit timer control register x 3, waveform control

register x 1.

m Waveform Generator Registers

8-bit Reload Register

Address: ch0 000050y
ch1 000052
ch2 000054y

8-bit timer Control Register

Address: ch0 000051y
ch1 000053y
ch2 000055y

Waveform Control Register

7 6 5 4 3 2 1 0 <a Bit number

TMRRO0/1/2

Read/writee> Ry RW RW  RMW  RW RW  RW  RW
Initial value=> X X X X X X X X

15 14 13 12 11 10 9 8 <= Bit number
| | | | \ \ \ |

DTCRO0/1/2

DMOD| GTEN| PGEN| TMIF | TMIE | TMD2 | TMD1| TMDO

Readwrite=> R RW  R/W RW RMW RW RW RMW
Initial value> 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0 <= Bit Number

Address: 000056

DTIE | DTIL | NRSL| DCK2| DCK1l| DCKO| PGS1l| PGSO SIGCR

Read/write =>
Initial value =>

R/W R/W R/W R/W RW  R/W R/W  R/W
0 0 0 0 0 0 0 0

Figure 12.3.5-1 Registers of Waveform Generator
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12.3.5 Registers of Waveform Generator

12.3.5.1 8-bit Reload Register (TMRRO0/1/2)

8-bit reload registers hold the compare value of 8-bit timers.

m 8-bit reload

registers (TMRRO0/12)

8-bit Reload Register
7 6 5 4 3 2 1 0 <o Bit number
Address: ch0 000050y ]

ch1 000052y, TMRRO0/1/2
ch3 000054,

Read/write=> R/\wW  RW RW RW RW RW RW RMW

Initial value=> X X X X X X X X

Figure 12.3.5.1-1 8-bit Reload Registers (TMRR0/1/2)
These registers is used to store the comparison value of 8-bit timers. These registers will be reloaded

when the 8-bit timer is started to operate. Therefore, if the value is re-written into those registers during
timer operation, those value will be valid at the next timer initiation/operation.

In dead-time timer mode, these registers are used to set the non-overlap time.

* Non-overlap time = (set value +1) x selected clock.

Note: The value of “004” cannot be set.

In timer mode, these registers are used to set the GATE time for PPG timer operation.

¢ GATE time = (set value +1) x selected clock.

MB90560 series

Note: The value of “00y4” cannot be set.
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12.3.5 Registers of Waveform Generator

12.3.5.2 8-bit Timer Control Register (DTCR0/1/2)

8-bit timer control registers (DTCRO0/1/2) are used to control the operation mode,
interrupt request enable, interrupt request flag, PPG output enable, GATE signal enable
and output level polarity for the waveform generator.

m 8-bit timer control register (DTCR0/1/2)

Address Bit15 Bit14 Bit13 Bit12 Bitl1l Bit10 Bit 9 Bit 8 Initial value

ch0: 000051+ | DMOD | GTEN | PGEN | TMIF | TMIE | TMD2 | TMD1 | T™MDO 000000008
ch1: 0000531
ch2: 000055+

R/W R/W R/W R/W R/W R/W R/W R/W

\_’_1

L TMD2| TMD1| TMDO Operation mode bit

Waveform generator is stopped.
8-bit timer can be used as reload timer.

PPG timer output pulse while RT signal is “H".
0 0 1 | The PPG timer that outputs pulse must be set
in advance in the waveform control register.

The rising edge of each RT signal will trigger 8-
0 1 0 bit timer to start. PPG will run until the 8-bit
timer stopped. (Timer mode)

1 0 0 Generate non-overlap signal by RT signal.
(Dead-time timer mode)

RT signal acts as a GATE signal for PPG
1 1 1 timers. PPG generates non-overlap signal.
(Dead-time timer mode)

L, TMIE Interrupt request enable bit
0 Disable an interrupt when the 8-bit timer underflow
1 Enable an interrupt when the 8-bit timer underflow
Interrupt request flag bit
TMIF
Read Write
0 No counter underflow detected Clear this bit
1 Counter underflow detected No effect
PGEN PPG output enable bit
0 Disable PPG output
1 Enable PPG output
» GTEN GATE signal enable bit
0 Disable GATE signal output (Asynchronous mode)
1 Enable GATE signal output (Synchronous mode)
DMOD Qutput polarity control bit
0 Positive level output
IR:I/W :T;:: \e/l;(:gNrite 1 Negative level output

Figure 12.3.5.2-1 8-bit Timer Control Register (DTCR0/1/2)
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Table 12.3.5.2-1 8-bit Timer Control Registers (DTCR0/1/2) Bit

Bit

Function

DMOD:
Output polarity

 This bit is used to set the output polarity when using 8-bit timer
as dead-time timer.

Bit 15 By setting this bit, it is possible to invert the output polarity.
control Lo : . . .
bit o If .8—b|t timer is n_ot se;t for dead-time timer operation

(Bit11:TMD2=0), setting this bit has no effect.
GTEN:

Bit 14 GATE signal » This bits is used to enable the GATE signal output for PPG
enable timer operation.
bit
PGEN:

Bit 13 PPG output * This bit is used to enable the output of PPG timers to RTO0~5
enable pins.
bit
TMIF:  This bit is used as an interrupt request flag for 8-bit timers.

Bit 12 Interrupt request | ¢ This bit will be set to “1” when 8-bit timer is underflow.
flag » Writing “0” will clear this bit. Writing “1” has no effect.
bit * In Read-Modify-Write operation, “1” is always read.

 This bit is used as the start bit and the interrupt enable bit for
TMIE: the 8-bit imer. . »

Bit 11 | Interrupt request * Writing 1 to 'Fh|s bit will start the operation for_ the 8-bit timer.
enable . Wh_en this bll'[ is “1” and the interrupt flag bit (Bit12:TIMF) is “1”,
bit an interrupt is generated.

Note: Bit2~0:TMD2~0 is “000B” is the condition for using the
8-bit timer as reload timer.
» These bit are used to select the operation mode of the
waveform generator.

Bit 10 | TMD2~0: Note: In EPG timers, the channel is set by waveform control

Bit 9 Operation mode reg|§ter. (AR C 1A AN

Bit 8 bit Note: Setting TMD2:0 other than ‘000’, ‘0001’, ‘010’, ‘100

and ‘111’ is prohibited. Other setting will cause an
error. When operating in dead time timer mode, the
operation mode of RTO1/3/5 must set by 2ch mode.
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12.3.5 Registers of Waveform Generator

12.3.5.3 Waveform Control Register (SIGCR)

Waveform control register is used to control how the PPGO~5 output to RTOO~5,
operating clock frequencies, noise cancelling function enable, DTTI input enable and
DTTI input polarity.

m Waveform control register (SICGCR)

Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Initial value
000056+ | DTIE | DTIL | NRSL | DCK2 | DCK1 | DCKO | PGS1 | PGSO | 000000008
R/W R/W R/W R/W R/W R/W R/\W_'_R‘/W
I
L, pesi| peso Oprﬁg%tieon PPGO0~5 output thru RTOO0~5 table
RTOO| RTO1| RTO2| RTO3| RTO4| RTO5
0 0 8bitx 6 ch | PPGO | PPG1 | PPG2 | PPG3 | PPG4 | PPG5
0 1 8-bit x 3 ch| PPG1 | PPG1 | PPG3 | PPG3 | PPG5 | PPG5
1 0 8-bit x 2 ch| PPG1 | PPG3 | PPG1 | PPG3 | PPG1 | PPG3
1 1 8-bitx 1 ch| PPG1 | PPG1 | PPG1 | PPG1 | PPG1 | PPG1
» DCK2| DCK1| DCKO Operating clock selection bit
0 0 0 @ (62.5 ns, ¢=16MHz)
0 0 1 @2 (125 ns, ¢=16MHz)
0 1 0 | ¢/4 (250 ns, g=16MHz)
0 1 1 @8 (500 ns, ¢=16MHz)
1 0 0 @16 (1 ps, g=16MHz)
1 0 1 @32 (2 ps, ¢=16MHz)
1 1 0 @64 (4 ps, g=16MHz)
1 1 1 Prohibited
@ Machine clock
» NRSL Noise cancelling function selection bit
0 DTTI input is not go thru the noise cancelling circuit.
1 DTTI input is not go thru the noise cancelling circuit.
>  DTIL DTTl input polarity selection bit
0 “0” input
1 “1” input
> DTIE DTTI input enable bit
RMW : Read and Write 0 Disable DTTI input
[T : Initial value 1 Enable DTTI input

Figure 12.3.5.3-1 Waveform Control Register (SIGCR)
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Table 12.3.5.3-1 Waveform Control Register (SIGCR)

Bit Function
DTIE:
: DTTI Input This bit is used to enable to receive DTTI input to control the
Bit 7 enable :
bit output level of RTOO0~5 pin.
DTIL:
Bit 6 DTTl input This bit is used to select the level polarity of DTTI input to
polarity selection | control the output level of RTO0~5 pin.
bit
This bit is used to select the noise cancelling function.
Noise cancelling circuit will receive DTTI input signal when the
. valid level is held until the counter overflows. The counter is 2-
NRSL: . L . .
: . bit counter which is operated by the valid level input.
: Noise cancelling i : : . .
Bit 5 function Note: To cancel the noise pulse width, it takes approximately
selection bit 4 machine cycles.
When the noise cancelling circuit is selected, the input
will become invalid if the internal clock is stopped, for
example in stop mode.
Bit 4 DCK2~0:
Bit 3 Operating clock These bits are used to select the operating clock for the 8-bit
. Selection timer.
Bit 2 .
bit
These bits are to select which the PPG timer is used to output
pulses directly to RTO0~5.
When the 8-bit timer control register, bit 14:GTEN is set to “1”,
GATE signal (synchronized mode) will be output to the
) corresponding PPG.
. PGS1, PGSO: Note: The operation mode in the table on the Figure 12.3.5.3-
Bit 1 PPG output to . : . X ;
. : 1 is written with PPG timer setting, so the
Bit 0 RTO selection

bit

corresponding PPG timer output and operation start/
stop control is possible when setting 16-bit mode for
the PPG timer.

Also, PPG output is possible without using PPG timer
GATE function (asynchronized mode), but PPG timer
must be operating in software initiation.

MB90560 series
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12.4 Operation of Multi-Function Timer

This section describes the operation of the multifunctional timer unit.

m Operation of Multifunctional Timers

324

16-bit free-running timer

The 16-bit free-running timer starts counting up from counter value “0000y" after a reset has

been completed. The counter value is used as the reference time for 16-bit output compare and
16-bit input capture.

16-bit output compare

The output compare unit is used to compare the value set in the specified compare register with
the value of the 16-bit free-running timer. If a match is detected, the interrupt flag is set and the
output level is inverted

16-bit input capture

The input capture unit is used to detect a specified valid edge. If a valid edge is detected, the
interrupt flag is set and the value of 16-bit free-run timer is fetched and stored into the capture
register.

8/16-bit PPG timer

This PPG timer has two channels of PPG units each of which is 8 bits long. The timer can
operate in normal two-channel independent mode. In addition, by connecting the two channels, it
can also operate in two other modes, i.e., 8 + 8-hit PPG mode and 16-bit PPG mode.

Waveform generator

The waveform generator can generate various timing waveforms using the real-time outputs
(RTO to RT5), 8/16-bit PPG timer, and 8-bit timer.
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12.4 Operation of Multi-Function Timer

12.4.1 Operation of 16-bit Free-run Timer

The 16-bit free-running timer starts counting up from counter value “0000 g after a
reset has been completed. The counter value is used as the reference time for 16-bit
output compare and 16-bit input capture.

m 16-bit free-run timer operation

326

The counter value is cleared in the following conditions:

« When a
« When a

n overflow has occurred.
match with output compare clear register is detected. (Mode setting is necessary.)

¢ When “1" is written to the CLR bit of the TCCS register during operation.
¢ When “0000y" is written to the TCDT register during stop.

¢ Reset

An interrupt can be generated when an overflow occurs or when the counter is cleared due to a match
with compare clear register. (Compare match interrupts can be used only in an appropriate mode.)

Counter value
FFFFHA
BFFFy
7FFFy
3FFFy
0000y

Overflow

Interrupt

Reset N

Figure 12.4.1-1 Clearing the counter by an overflow

FFFFy, |
BFFFy
TFFFy
3FFFy

Counter value

0000,
Reset

Compare clear
register value

Interrupt

N

BFFFy

Figure 12.

4.1-2 Clearing the counter upon a match with compare clear register
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m 16-bit free-run timer timing

The 16-bit free-run timer is incremented based on the input clock (internal or external clock). When
external clock is selected, the 16-bit free-run timer counts up at a rising edge.

o L LT L L L LT

External clock
input | )

Count clock

Counter value N N+1

Figure 12.4.1-3 16-bit Free-run timer count timing

The counter can be cleared upon a reset, software clear, or a match with compare clear register. By a
reset or software clear, the counter is immediately cleared. By a match with compare clear register, the
counter is cleared in synchronization with the count timing.

(2 (e Y e Y s Y Y Y e O

Compare N
register value

Compare match

Counter value N 0000H

Figure 12.4.1-4 16-bit Free-run timer clear timing
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12.4 Operation of Multi-Function Timer

12.4.2 Operation of 16-bit Output Compare

The output compare unit is used to compare the value set in the specified compare
register with the value of the 16-bit free-running timer. If a match is detected, the
interrupt flag is set and the output level is inverted.

m 16-bit output compare operation

a) Compare operation can be performed for individual channel (CMOD=0)

Counter valﬂe
FFFFy
BFFFy
7TFFFy
3FFFy
0000y,

Reset

Compare register 0
value ‘

Compare register 1 ‘
value

RTOO ] |

RTO1 ‘ ‘

Compare 0
interrupt

Compare 1
interrupt

Figure 12.4.2-1 Sample output waveform when compare registers 0 and 1 are used individually when
the initial output value is “0".
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b) Output level can be changed by using a pair of compare registers (CMOD="1")

Counter vaIHe
FFFFy
BFFFy
7FFFy
3FFFy
0000y

Reset ] : :

Compare register 0 ‘
value w

Compare register 1 \ | 7FEF, !
value ‘, ! ‘
RTOO 1 \ : I
RTO1 — |

Compare 0
interrupt ‘

Compare 1
interrupt

Figure 12.4.2-2 Sample output waveform when compare registers 0 and 1 are used in a pair when the
initial output value is “0”.
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m 16-bit output compare timing
e Output levels can be changed by using two pairs of compare registers. (At CMOD = 1)

When the free-running timer matches the value set in the compare register, the output compare
unit generates a compare match signal to invert the output and generate an interrupt. When a
compare match occurs, the output is inverted in synchronization with the count timing of the
counter. No comparison is performed with the counter value during replacement of the compare
registers.By using 2 compare registers, output level can be changed (“1” when CMOD="1")

Note: When the compare register is updated, comparison with the counter value is not
performed.

Counter value X N X N+2 i N+3 X
A 1

No match signal is generated.

Compare clear
register 0 value M N+1
Compare clear : M :
register 0 write ‘ ‘
Compare clear ‘ ‘ ‘ ‘
register 1 value L ! ' : N+3
Compare clear ! ' : M
register 1 write

Compare 0 stop Compare 1 stop

T
'

N

< < >

Figure 12.4.2-3 Compare operation upon update of compare registers

o T L7 7 7 7 7 I 7 I 1

Counter value N N+1

Compare N
register
value

Compare

match

Interrupt \

Figure 12.4.2-4 Compare interrupt timing

Counter value N N+1 o N N+1

Compare
register N
value

Compare ] o ]

match
signal

Pin output | |

Figure 12.4.2-5 Output pin change timing
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12.4 Operation of Multi-Function Timer

12.4.3 Operation of 16-bit Input Capture

The input capture unit is used to detect a specified valid edge. If a valid edge is
detected, the interrupt flag is set and the value of 16-bit free-run timer is fetched and
stored into the capture register.

m 16-bit Input capture operation

Counter value

A

e
BFFFy | -
TEFFy |- oo e

BFFFy [ T
0000y,
Reset Q
INO 5 : :
INL | : {

IN example 1 {

Capture register 0 Undefined ‘ 3FFFy

Capture register 1 Undefined : 7FFFy

Capture register
example

Capture 0 interrupt \‘

Undefined BFFFy TFFFy

Capture 1 interrupt

——

Capture example .
interrupt |

\__ Interrupt is generated
with another valid edge

Note: Capture 0: Rising edge _
Capture 1: Falling edge Interrupt is cleared
Capture example: Both edges by software

Figure 12.4.3-1 Sample input capture timing
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m 16-bit input capture input timing

Machineclock —J LI L L[ L L [ [ [ L_J |

Counter value N N+1
Input capture * valid edge
input
Capture signal
Capture register N+1
Interrupt

Figure 12.4.3-2 16-bit input capture timing for input signals
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12.4 Operation of Multi-Function Timer

12.4.4 Operation of 8/16-bit PPG Timers

This section describe operation and timing of 8/16-bit PPG timers. The operation and
timing of chO/ch1 will be explained here. The operation and timing of ch2 and ch4 is the
same as ch 0 and the operation and timing of ch 3 and ch 5 is the same as ch 1. Two
channels of PPG time can be used in three modes: independent two-channel mode, 8-
bit prescaler + 8-bit PPG mode, and single-channel 16-bit PPG mode.

Each of the 8-bit PPG units has two eight-bit reload registers. One reload register is for the L side
(PRLL) and the other is for the H side (PRLH). The values written in these registers are reloaded into
the 8-bit down counter (PCNT), from the L side and H side in turn. Thus, the values are decremented
for each count clock, and the pin output (PPG) value is inverted upon a reload caused by a counter
underflow. This operation results in L-wide or H-wide pulse outputs, corresponding to the reload
register value. Further more the output polarity can be selected by software.

The operation is started and resumed by writing data in the corresponding register bit.

The Table 12.4.4-1 below lists the relationship between the reload operation and pulse outputs.

Table 12.4.4-1 Reload operation and pulse output

Pin output change

Reload operation — ;
Positive polarity

Negative Polarity

PRLH — PCNT PPGO/1 [0 - 1] t Rise

PPPO/L[1 — 0] | Fall

PRLL — PCNT PPPO/1[1 - O] | Fall

PPGO/1 [0 — 1] 1 Rise

When 1 is set in bit 4 (PIEO) of PPGCO or in bit 12 (PIE1) of PPGC1, an interrupt request is output
upon an underflow from “00y" to “FFy" (or underflow from “00004" to “FFFFy” in 16-bit PPG mode) of

each counter.

m Operation mode

This block can be used in three modes: independent two-channel mode, 8-bit prescaler + 8-bit PPG

mode, and single-channel 16-bit PPG mode.

e 8-bit 2ch independent mode

In this mode, the two channels of 8-bit PPG units operate independently. The PPGO pin is connected
to the chO PPG output and the PPG1 pin is connected to the chl PPG output.

* 8+ 8-bit PPG mode

In this mode, chO is used as an 8-bit prescaler while the count in chl is based on underflow outputs
from chO0. Thus, 8-bit PPG waveforms can be output at any cycles. The PPGO is connected to the
ch0 prescaler output and the PPG1 pin is connected to the chl PPG output.

* 16-bit PPG mode

In this mode, chO and chl are connected and used as a single 16-bit PPG. The PPGO and PPG1

pins are connected to the 16-bit PPG output.
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m PPG output operation

Writing '1’ to bit7 (PENO) of PPGCO register will activate chO PPG timer to start counting when bit6é
(SSTO0) of PPGCO register is “0” (Software activation). Alternately, GATE signal becoming “H” will
activate chO PPG timer to start counting when bité (SST0) of PPGCO register is “1” (Hardware
activation).

Similarly, writing '1' to bitl5 (PEN1) of PPGC1 register will activate chl PPG timer to start counting
when bitl4 (SST1) of PPGCL1 register is “0” (Software activation). Alternately, GATE signal becoming
“H” will activate chl PPG timer to start counting when bit14 (SST1) of PPGC1 register is “1” (Hardware
activation).

Once the operation has started, counting is terminated by writing '0' to bit 7 (PENO) of PPGCO or in bit
15 (PEN1) of PPGC1, or when the GATE signal changes to “L”. Once the counting is terminated, the
pulse output is maintained at the “L” level when it is positive polarity output. (the pulse output is
maintained at the “H” level when it is negative polarity output.)

In 8 + 8-bit PPG mode, do not set chl to be in operation while ch0 operation is stopped.

For software activation of 16-bit PPG mode, ensure to set bit 7 (PENOQ) of PPGCO register and bit 15
(PEN1) of PPGC1 register simultaneously to start or stop the PPG timer.

The Figure 12.4.4-1 below is a diagram of PPG output operation. During PPG operation, a pulse wave
is continuously output at a frequency and duty ratio (the ratio of the H-level period of the pulse wave to
the L-level period). PPG continues operation until stop is specified explicitly.

When activate PPG timer by software

PEN
> Starts operation based on PEN (from L side). ‘
Output pin

PPGx 1

i
-

Tx(L+1) T x (H+1)

When activate PPG timer by hardware

SST
GATE 4>Starts operation based on GATE signal “H” ‘

Output pin ! m
PPGXx !

Tx(L+1) T x (H+1)

L : PRLL value

H : PRLH value

T : Input from peripheral clock (O, 0/4, 0/16)
or timer base counter (depending on the
clock selection by PPGC)

~

Figure 12.4.4-1 PPG output operation, output waveform
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m Reload value and pulse width relation

The pulse width of the output is determined by multiplying “the reload register value + 1" by the count
clock cycle. Note that when the reload register value is “004" during 8-bit PPG operation or “00004"

during 16-bit PPG operation, the pulse width is equivalent to one count clock cycle. In addition, note
that when the reload register value is “FFy" during 8-PPG operation, the pulse width is equivalent to

256 count clock cycles. When the reload register value is “FFFFy" during 16-bit PPG operation, the

pulse width is equivalent to 65,536 count clock cycles. The formula of pulse width calculation is given
below.

L PRLL value
P =Tx (L+1) H value
_ T : Input clock cycle
Py=Tx(H+1) P, : High pulse width

Py : Low pulse width

Note: The above formula is for the positive output polarity. The P, and Py setting will be the other
way around when negative polarity is used.

m Count clock selection

336

The count clock used for the operation of this block is supplied from a machine clock or time base
timer. The count clock can be selected from 8 types.

The count clock for ch 0 PPG timer is selected by setting bit 4 to 2 (PC02 to 0) of the PCSO01 register
and the count clock for chl PPG timer is selected by setting bit 7 to 5 (PC12 to 0) of the PCS01
register.

The clock is selected from 1/64 to 1 times of the machine clock and time base timer input.

However, in 8 + 8-bit PPG mode or 16-bit PPG mode, the chl PPG timer is operated by receiving a
count clock from chO PPG timer. Therefore bit 7 to 5 (PC12 to 0) of the PCSO01 register are invalid.

Note: When the time base counter input is used, the first count cycle after a trigger or a stop may be
shifted. The cycle may also be shifted if the time base counter is cleared during operation of
this module.

In 8 + 8-bit PPG mode, if chl is activated while chO is in operation and ch1l is stopped, the first
count cycle may be shifted.
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m Pulse pin output control

The pulses generated by the operation of the 8/16-bit PPG timer can be output to external pins PPGO

and PPG1.

The external pin output enable can be done by setting bit 5 (POEQ) of the PPGCO register (PPGO
control register) for the PPGO pin and setting bit 13 (POE1) of the PPGC1 register (PPG1 control
register) for the PPG1 pin. When “0” is written to these bits (initial value), the pulses are not output to
the corresponding external pins; the pins will work as general-purpose ports.

In 16-bit PPG mode, the same waveform is output from PPGO and PPGL1. Thus, the same output can
be obtained by enabling any one external pin.

In 8 + 8-bit PPG mode, the 8-bit prescaler (ChO PPG timer) toggle output waveform is output to PPGO,
while the 8-bit PPG waveform (Chl PPG timer) is output to PPG1. The Figure 12.4.4-2 below is a
diagram of output waveforms in this mode.

PPGO

PPG1

PHO

>

JEREREREEEEE .

L

PO

-~

e

PL1

PLO=Tx (LO+1)
PL0 = T x (LO+1)

PL1=Tx (LO+1) x (L1+1)
Pyl =T x (LO+1) x (H1+1)

Pl
H LO
L1
H1
A

Note: Set the same value in chO PRLL and chO PRLH.

PHO:
PO
Pul:
P1:

chO PRLL value and chO PRLH value
chl PRLL value

chl PRLH value

Input clock cycle

PPGO high pulse width

PPGO low pulse width

PPG1 high pulse width

PPG1 low pulse width

MB90560 series

Figure 12.4.4-2 8+8 PPG output operation waveform
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m Interrupts
An interrupt request is generated when the reload value is counted out and a underflow occurs.

In 8-bit PPG 2ch independent mode or 8 + 8-bit PPG mode, an interrupt request is generated by a
underflow in each counter. In 16-bit PPG mode, PUFO and PUF1 are set simultaneously by a
underflow in the 16-bit counter. Therefore, enable only PIEO or PIEL to unify the interrupt causes. In
addition, simultaneously clear the interrupt causes for PUFO and PUF1.

m Reload register write timing

In any operation mode other than 16-bit PPG mode, it is recommended to use a word transfer
instruction to write data in reload registers PRLL and PRLH. If two byte transfer instructions are used to
write a data item to these registers, a pulse of unexpected width may be output depending on the
timing.

][] O L L

.B!C. . B C.

-« A—><—><— A—><—><—><—><—><— D —»4—»4— D—»

O

Figure 12.4.4-3 Write timing chart

Assume that PRLL is updated from A to C before point 00 in the time chart above, and PRLH is
updated from B to D after point . Since the PRL values at point [0 are PRLL=C and PRLH=B, a pulse
of L side count value C and H side count value B is output only once.

Similarly, to write data in PRL of chO and ch1l in 16-bit PPG mode, use a long word transfer instruction,
or use word transfer instructions in the order of chO and then chl. In this mode, the data is only
temporarily written to chO PRL. Then, the data is actually written into chO PRL when the chl PRL is
written to.

In any operation mode other than 16-bit PPG mode, ch0 and chl PRL are written independently.

chO PRL write data

Transferred in

ch0 write in a mode ‘ ‘ synchronization with
other than 16-bit PPG Temporary latch chl write in
mode 16-bit PPG mode

chl PRL write data

chl write

A4 v

‘ ch0 PRL ‘ chl PRL

Figure 12.4.4-4 PRL write operation block diagram
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12.4.4 Operation of Waveform Generator

12.4.5 Operation of Waveform Generator

Waveform generator can produce various waveform such as dead-time, by using the
realtime outputs (RT0~5), 8/16-bit PPG timers and 8-bit timers.

m Waveform generator
The waveform generator can generate several timing waveform as follows:

¢ By using 8-bit timer as dead-time timer, non-overlap signal of RT1, 3, 5 inverting signal can
be generated. It is possible to make non-overlap signal of the selected PPG timer clock
inverted signal only when RT1, 3, 5 is at the “H” level.(dead-time generation).

« With RTO~5 rising edge, the 8-bit timer is started and the selected PPG timer keeps
outputting until when the value of the 8-bit timer is matched with the value of TMRR register
(8-bit reload register).

Figure 12.4.5-1 is the block diagram of the waveform generator.

RTO N
Dead-time > . » RTOO/U
Selector >
RT1 control circuit > Portl
RT2 R X
| Selector — port |, _, RTO1/X
RT3 N
8-bit timer 0
RT4 " 8-bit timer 1 Selector —{ port |,_| > RTO2/V
RT5 8-bit timer 2
1 |
! V
> , » RTO3/X
PPGO o 0 | setector — port|_|
PPG1 o S PPG output ‘
G2 and : Selector * Port . * RTO4/W
PPG2 g« GATE signal g
Control circuit
g - ” * RTO5/Z
.| Selector * Port |,_J
PPG4 (< G4
PPG5 o G5 DTTI

Figure 12.4.5-1 Waveform Generator
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12.4.5 Operation of Waveform Generator

12.4.5.1 Operation of Dead-timer Control Circuit

The dead-time control circuit will input the realtime output (RT1/3/5) and the selected
PPG timer pulse output, and output non-overlap signals (inverted signals) to external
pins.

m Making non-overlap signals by using RT1/3/5

342

When selecting non-overlap signal for a active level “0” (positive polarity) in DTCR:bit 15 (DMOD), a
delay corresponding to the non-overlap time set in the TMRR register (8-bit reload register) is applied.
The delay is applied at a rising edge of RT1/3/5 or its falling edge. If RT1/3/5 pulse width is smaller
than the set non-overlap time, the 8-bit timer will restart counting from “00" at the nest RT’s edge.

Setting up registers:

TCDT : 0000 * CPCLR 1 XXXXy (Cycle setting)
TCCS [— XXXXOX0XXXg * OSCO0-5 D= IXXXXXXXX--115
OCCP0~5 : XXXX (Compare value) * DTCRO~2 :00000100g

TMRRO~2 : XXXXXXXXXg (non-overlap timing setting)

SIGR : XXXXXX00g (DTTI input and 8-bit timer count clock setting)

Note: “X” must be set according to the operation.

Count
Value

A

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA TMRR set value

+—i0ne machine cycle '«—> one machine cycle
Pin name Output signal
U Signal with delay is applied at RT1 rising edge
\% Signal with delay is applied at RT3 rising edge
w Signal with delay is applied at RT5 rising edge
X Signal with delay is applied at RT1 falling edge
Y Signal with delay is applied at RT3 falling edge
z Signal with delay is applied at RT5 falling edge

Figure 12.4.5.1-1 Positive Polarity Non-overlap Signal Generation by RT1/3/5

CHAPTER 12 MULTI-FUNCTION TIMER

MB90560 series



When selecting non-overlap signal for a active level “1” (positive polarity) in DTCR:bit 15 (DMOD), a
delay corresponding to the non-overlap time set in the TMRR register (8-bit reload register) is applied.
The delay is applied at a rising edge of RT1/3/5 or its falling edge. If RT1/3/5 pulse width is smaller
than the set non-overlap time, the 8-bit timer will restart counting from “004" at the nest RT's edge.

Setting up registers:
e TCDT : 0000, * CPCLR : XXXXy (Cycle setting)
« TCCS — XXXXOXOXXXg ¢ OSCO0-5 s === IXXXXXXXX--11g
* OCCP0~5 : XXXX, (Compare value) * DTCRO~-2 :10000100g
e TMRRO~2 : XXXXXXXXXg (non-overlap timing setting)
¢ SIGR 1 XXXXXX00g (DTTI input and 8-bit timer count clock setting
Note: “X" must be set according to the operation.

A
————————————————————————————————————————————————————— TMRR set value
Count
Value
RT1 :
u | | f |
X | I
:<—~I one machine cycle :<—>: one machine cycle
Pin name Output signal
U Signal with delay is applied at RT1 rising edge
\% Signal with delay is applied at RT3 rising edge
W Signal with delay is applied at RT5 rising edge
X Signal with delay is applied at RT1 falling edge
Y Signal with delay is applied at RT3 falling edge
4 Signal with delay is applied at RT5 falling edge

Figure 12.4.5.1-2 Negative Polarity Non-overlap Signal Generation by RT1/3/5
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m Making non-overlap signals by using PPG

344

When selecting non-overlap signal for a active level “0” (positive polarity) in DTCR:bit 15 (DMOD), a
delay corresponding to the non-overlap time set in the TMRR register (8-bit reload register) is applied.
The delay is applied at a rising edge of PPG timer pulse signal or its inverted signal. If PPG timer pulse
width is smaller than the set non-overlap time, the 8-bit timer will start counting from “004” at the next

edge of PPG pulse.

Setting up registers:
e TCDT : 0000 e CPCLR : XXXXy (Cycle setting)
e TCCS — XXXXOXOXXXg ¢ OSCO0-5 ¢ === IXXXXXXXX--11g
* OCCP0~5 : XXXXy (Compare value) * DTCRO~2 :01000111g
e TMRRO~2 : XXXXXXXXXg (non-overlap timing setting)
* SIGR 1 XXXXXX00g (DTTI input and 8-bit timer count clock setting)
Note: “X" must be set according to the operation.

A

...................................... TMRR set value

Count
Value

PPG1 [ : :

U l
«—» one machine cycle “—» one machine cycle
Pin name Output signal
U Signal with delay is applied at PPG1 rising edge
\% Signal with delay is applied at PPG3 rising edge
\ Signal with delay is applied at PPG5 rising edge
X Signal with delay is applied at PPG1 falling edge
Y Signal with delay is applied at PPG3 falling edge
Z Signal with delay is applied at PPG5 falling edge

Figure 12.4.5.1-3 Positive Polarity Non-overlap Signal Generation by PPG timer
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When selecting non-overlap signal for a active level “1” (positive polarity) in DTCR:bit 15 (DMOD), a
delay corresponding to the non-overlap time set in the TMRR register (8-bit reload register) is applied.
The delay is applied at a rising edge of PPG timer pulse signal or its inverted signal. If PPG timer pulse
width is smaller than the set non-overlap time, the 8-bit timer will start counting from “00" at the next

edge of PPG pulse.

Setting up registers:
e TCDT : 0000 e CPCLR : XXXXy (Cycle setting)
« TCCS — XXXXOXOXXXg ¢ OSCO0-5 s === IXXXXXXXX--11g
* OCCP0~5 : XXXXy (Compare value) * DTCRO~2 :11000111g
e TMRRO~2 : XXXXXXXXXg (non-overlap timing setting)
¢ SIGR 1 XXXXXX00g (DTTI input and 8-bit timer count clock setting)
Note: “X" must be set according to the operation.

A
----------------------------------------------------- TMRR set value
Count
Value
PPG1 l I
VR E 5 E
X l I
E<—>; one machine cycle :<—~I one machine cycle
Pin name Output signal
U Signal with delay is applied at PPGL1 rising edge
\% Signal with delay is applied at PPG3 rising edge
W Signal with delay is applied at PPGS5 rising edge
X Signal with delay is applied at PPG1 falling edge
Y Signal with delay is applied at PPG3 falling edge
4 Signal with delay is applied at PPG5 falling edge

Figure 12.4.5.1-4 Negative Polarity Non-overlap Signal Generation by PPG timer
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12.4.5 Operation of Waveform Generator

12.4.5.2 Operation of PPG Output and GATE Signal Control Circuit

The PPG output and GATE signal control circuit will output the selected PPG pulse to
external pins when “1” is written to DCTR:bit 14, 13 (GTEN, PGEN). Furthermore, it
output the GATE signal which controls PPG timer operation. It generated GATE signal

by using realtime outputs or 8-bit timers and output to PPG timers.

m Generating a PPG output/GATE signal during each RT is at “H” level

Setting up registers:

: XXXXy (Cycle setting)

* SIGR

A

FFFFy

BFFF
7FFFy

3FFFy

0000

Count Value

* TMRRO~2 : XXXXXXXXXg (non-overlap timing setting)
: XXXXXX00g (DTTI input and 8-bit timer count clock setting
Note: “X” must be set according to the operation.

e TCDT : 0000y ¢ CPCLR
e TCCS - XXXXOX0XXXg ¢ OSCO-5  :-—-OXXXXXXXX--11g
* OCCPO~5 : XXXXy (Compare value) ¢ DTCRO~2 :01111001g

PPGO

PPG1

Compare register 0
value

| BFFF,

Compare register 1

| 7FFF,

value

RTO

RT1

GATEO

GATE1

RTOO

RTO1

Figure 12.4.5.2-1 Generating PPG output/GATE signal during each RT is at “H” level

346 CHAPTER 12 MULTI-FUNCTION TIMER

MB90560 series



m Generating PPG output/GATE signal until value of 8-bit timer and 8-bit reload register is matched.

(Starting the 8-bit timer at every rising edge of the RT)

Setting up registers:

TCDT 1 00004 ¢ CPCLR
TCCS D XXXXOXOXXXg ¢ OSCO0-5

OCCPO0O~5 : XXXXy (Compare value) ¢ DTCRO~2

: XXXXy (Cycle setting)
¢ == OXXXXXXXX--11g
: 01111010

TMRRO~2 : XXXXXXXXXg (non-overlap timing setting)
¢ SIGR 1 XXXXXX00g (DTTI input and 8-bit timer count clock setting
Note: “X” must be set according to the operation.
Count Value
A

FFFFy

BFFFy
7FFFy

3FFFy
0000

PPGO

PPG1

Compare register 0

value ‘ BFFF .

Compare register 1

ster 1 | 7FFFy .

RTO

RT1

GATEO

|

GATE1

RTOO

RTO1 !

time of
8-bit timer 1

time of '
8-bit timer 0

Figure 12.4.5.2-2 Generating PPG output/GATE signal until the value 8-bit timer and 8-bit reload regis-

ter is matched.

Note: Each 8-bit timer is used for two RTSs. i.e. 8-bit timer O is used for RTO and RT1; 8-bit timer 1 is used for
RT2 and RT3; 8-bit timer 2 is used for RT4 and RT5. Therefore, do not use an RT and attempt to start
the corresponding timer that is already operating. Doing so may cause that the outputting GATE signal
will be extended and malfunction will be occurred.
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12.4.5 Operation of Waveform Generator

12.4.5.3 Operation of DTTI Pin Control

By setting “1” to waveform control register, SIGCR:bit 7 (DTIE), for the wave output of
RTOO0~5 can be controlled by the DTTI pin. A valid input level which is set by SIGCR:bit
6 (DTIL) and is detected, the output of RTOO~5 will be fixed to an inactive level. The
inactive level can be set pin by pin to PDRS3 of port 3 by software.

m DTTI pin input operation

Even when the valid DTTI pin input is detected, the timer will keep running for the waveform generator
operation, but no waveform will outputted to external pins.

Setting up registers:
e TCDT : 0000y ¢ CPCLR 1 XXXXy (Cycle setting)
e TCCS D XXXXOX0XXXg e OSCO~5 :-—-1IXXXXXXXX--11g
* OCCP0O~5 : XXXXy (Compare value) ¢ DTCR0~2 :00000100g
* TMRRO~2 : XXXXXXXXXg (non-overlap timing setting)
* SIGR 1 110XXXXXg (DTTI input and 8-bit timer count clock setting)
Note: “X" must be set according to the operation.

Count Value
'

FFFFy

BFFF

TFFFy

3FFF,
0000

Compare register 0 ‘ BFIFF . . . . .
value T TH :

Compare register 1 ‘ S —— : . : '
value —-

Figure 12.4.5.3-1 Operation when DTTI input is enabled
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m DTTI pin noise cancelling functio