TOSHIBA MAINTENANCE

TMP87CH37/K37/M37

CMOS 8-BIT MICROCONTROLLER

TMP87CH37N, TMP87CK37N, TMP87CM37N

The 87CH37/K37/M37 are the high speed and high performance 8-bit single chip microcomputers. These MCU
contain CPU core, ROM, RAM, input / output ports, six multi-function timer / counters, serial bus interface, on-
screen display, PWM outputs, 6-bit A/D conversion inputs, remote control signal preprocessor, and two clock

generators on a chip.

PART No. ROM RAM PACKAGE OTpP
_TMP87CH37N | 16K bytes __ |
_TMPB7CK3TN | 24K bytes | 1K bytes SDIP64 TMP87PVI37N
TMPS7CM37N 32K bytes
FEATURES
9 8-bitsingle chip microcomputer TLCS-870 Series
¥ Instruction execution time : 0.5 ws(at8 MHz), 122 us (at 32.768 kHz) | spipsa-p-750

€412 basicinstructions
® Multiplication and Division (8 bits x 8 bits, 16 bits + 8 bits)
® Bit manipulations
(Set/Clear/Complement/Move / Test/ Exclusive or)
® 16-bit data operations
® 1-byte jump /subroutine-call (Short relative jump / Vector call)
415 interruptsources (External : 6, Internal: 9)
® Allsources have independent latches each,
and nested interrupt control is available.
® 4 edge-selectable external interruptswith noise reject
¢ High-speed task switching by register bank changeover
@38 Input/Qutput ports (56 pins)
® High current output : 4 pins (typ. 20 mA)
¥ Two 16-bit Timer/ Counters _
® Timer, Eventcounter, Programmable pulse generator output,
Pulse width measurement, External trigger timer, Window modes

~L

y

P
sy

TMPB7CH37N
TMPB7CK37N

TMP87CM37N
TMP87PM37N

¥ Two 8-bit Timer / Counters
® Timer, Eventcounter, Capture (Pulse width / duty measurement) mod
@ Time Base Timer (interrupt frequency : 1 Hz to 16 kHz)
# Divider output function (frequency : 1kHzto 8 kHz)
¢ Watchdog Timer
& Interrupt source / reset output (programmable)
#Serial Bus Interface '
® [2C-bus, 8-bit SO modes
@ On-screen display circuit
e Character patterns
® Characters displayed
® Composition
® Size of character
¢ Color of character
® Variable display position
® Fringing, Smoothing function
@ D/A conversion (Pulse Width Modulation) outputs
® 14-bit resolution (1 channel)
® 7-bitresolution (9 channels)
€ 6-bit A/D conversion input (4 channels)
@ Pulse output (Clock for PLLIC)
¥ Remote control signal preprocessor
4 Dual clock operation
® Single/Dual-clock mode (option)

128 characters

24 columns x 12 lines

14 x 18 dots

3 kinds {line by line)

8 kinds (character by character)

€s

Horizontal 128 steps, Vertical 256 steps
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TOSHIBA MAINTENANCE TMP87CH37/K37/M37

& Five Power saving operating modes

® STOP mode : Oscillation stops. Battery/ Capacitor back-up. Port output hold / high-impedance.

® SLOW mode: Low power consumption operation using low-frequency clack (32.768 kHz).

& IDLE1 mode : CPU stops, and Peripherals operate using high-frequency clock. Release by interrupts.

® IDLE2 mode ; CPUstops, and Peripherals operate using high and low frequency clock.

Release by interrupts.

® SLEEP mode : CPU stops, and Peripherals operate using low-frequency clock. Release by interrupts.
& Wide operating voltage : 2.7to 5.5V at32.768 kHz, 4.5t0 5.5V at8 MHz/32.768 kHz
& Emulation Pod : BM87CM37NOA

Purchase of TOSHIBA 12 C companents conveys a license under the Philips I C Patent Rights to use these
components in an I C system, provided that the system conforms to the 12 C Standard Specification as defined by
Philips.
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PIN ASSIGNMENTS (TOP VIEW)

SDIPE4-P-750 P05 ~—=[] 1 U 64 [J-=——vDD
PO6=—[] 2 63 [J~—-P04
PO7 =—=[] 3 62 [J~—=P03
(INTO)P10=—>[ 4 61 [J=—>P02
(INTHPH1 =—=[] & 60 [J~—~P01
(INT2/TCH)P12=—[] 4 59 {J-e—>P00
DVO) P13 <=—>[| 7 58 [J=—>p37 -
(PPG)P14~—>] 3 57 P=—P36 (SCK)
(TC2)P1S=—>[] 9 56 %‘*—*PBS (5DASSO)
P16=—>[] 10 55 [j=e>P34{SCL/SI)
P17 <[] 11 54 [J=—P33(TC4A)
(PWMO) P40 ~—=[] 12 53 [J=e—=P32 {INT4}
(PWNMT) P41 ~—>[] 13 52 [J==>=P31(TC3)
{(PWM2) P2 <—>1 14 51 [l«—>P3Q (INT3/RXIN)
(PWMi3) P43 =—>[] 15 50 [J=—=P22 (XTOUT)
(PWM4) P44 «—=f] 16 49 [J=>P21 (XTIN)
(PWMS5) P45 -—-[| 17 48 []~—=P20 (INT5/5T0OP)
{PWMB) P46 <—>[] 13 47 [J=—>RESET
(PWM7) P47 ~—>[ 19 46 = XouT
(FWMB) P50 =—»[] 20 45 [l«—XIN
(PWMI) P51 =—>[] 21 44 {l«—TEST
(PULSE} P52 =—=[] 22 43 [—0sc2
P53 =«—{] 23 42 [J=—0sC
{CINO) P54 <—>-] 24 41 [J=—>p74
{CIN1) P55 ~—=[| 25 40 [J=>P73
(CIN2) P56 -—>[] 26 39 [J«—-p72 -
(CIN3) P57 =[] 27 38 [J=—>P71(VD)
P60 <[] 28 37 [J==>=P70 (HD)
P61 -—>[] 29 36 J=—>P67 (Y /BL)
P52 =—=[| 30 35 []=—=P&6 (B)
P63 -—>[ 31 34 [l Pg5 (G)
PO7 vss—{] 32 33 [l—>P64 (R) Qsc connecting pins P67 P74
BLOCK DIAGRAM ;630 for On-screen display F}é’—“o ;7?0
0501 OsSC2
1T
Display Character T
m Memory : ROM ’_]
On-screen display circuit
| {1
T T 1 1T i
Power Supply VVDSS: P S W Stack Pointer | Data Memory Ijogram(ount?l
ALY Flags | Res i (RAM)
_______________
I | Register Banks
Reset/O0  RESET b I:
: System Controller
Test Pin TEST Interrupt Controller Pragram Memory
™|  Standby Controller T T T 'f (Romy
Time Base 16-bit 8-bit I
Timing Generator Timer Timer / Counter Timer/Counter
Resonator { sn—>- | High Q1| TC T3 | Tca 4L
sﬁl:fECt'”g{xour frequ. | ciock WagcthQ L j inst. Register
Low Generator Timer
r frequ. Inst, Decoder
- | =
L
1L {r {r ir L 1z
D/A 6-bit A/D Pulse m p3 Remote Serial Bus
Converter = [™] Converter Generator | controt ignal |___Interface |
(PWM) J. ] F_"' preprocessor (S10/120)
N L LU
P20 P47 PS7 P17 P37
to to to to to
P22 P40 P50 P10 P30
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TOSHIBA MAINTENANCE TMP87CH37/K37/M37
PIN FUNCTION
PIN NAME Input/Output Function
P07 to P00 vo Two 8-bit programmable input/ output
P17, P16 Vo ports {tri-state).
pisaen L volnput) . Each bit of these ports can be |Timer/CounterZinput @
P14 {FPG) individually configured as an input or | programmable pulse generator output
........................... I/O (output) an Output ul'lder Softwal'e Con‘[rol. ..----:.d..........n”,A.u-‘..----.....u.......-...----...........-n..u
PB(DVO) ..................................... During reset, all bits are configured as Elwerrutput ............... g
. xternal interruptinput 2 or
P12(NT2/TCT) Inputs. THGL) COUNTEr TIMBUL oo
P11 (INT1) VO (Input) When used as a divider output or aPPG | 10 ) interrupt input 1
........................... output' the latch must be set to “1v.
P10 (INTD} External interruptinput0
P22 {XTOUT) 1O (Output) . . Resonator connecting pins (32.768 kHz). For
........................................ Pl .| 3-bitinputioutput port with latch. inputting external clock, XTIN is used and
PZHXTIN) ........... 110 {Input) When used as an input port, the latch )E(TOUTllsopenedS ..... s
=T TR wyn xternal interrupt input 5 or STOP mode
P20(INT5/5TOP) must be set to "1". e Sianal nout
P37 f{e]
p6GeR L WO(FO) —  |g-bitinput/output portwith latch. SlOserial clock input/output
P35(SDA/SO) 1O (110 / Output) When used as an input port, a serial bus | 12Cbus serial data input/autput ar SI0 serial data output
P34 (5CL/SI) 1O (VO / Input) interface input/ output, 3 timer I_ 12Cbus serial clock input / output or $IG serial data input
...................................................... counter input' aremote control 5|gna[
PI3ICA e preprocessor input, or an external Timer/Counter 4INPUt e
P32 (INT4) 1/0 (Input) interruptinput, the latch must be setto | External interruptinput 4
........................... s
P31(TC3) Timer/ Counter 3 input
P30 o tnout/| External interrupt input 3 or remote control
(INT3/RXIN) O tinput / input} signal preprocessor input
8-bit programable input/output port
P47 (PWM7) {tri-state). Each bit of this port can be . .
to P41 (FWM1} individually configured as aninput or an 7-bit D/A conversion (PWM) outputs
........................... VO (Output) output under software control. During |~ s
reset, all bits are configured as inputs.
P4Q (PWMD) When used as a PWM output, the latch 14-bit D/A conversion (PWM) cutput
must be setto "1".
P57 (CIN3) . \ .
to P54 (CINO) 1/O (Input} 8-bit input / output port with latch. 6-bit A/D conversion (Comparator) inputs
...................................................... When used as an input port, a
P53 [{e] .
...................................................... comparator input, a PWM QUEPUT, OF @ [oeeiimemim s
P52 (PULSE) pulse output, the latch must be setto Pulse output {Clock for PLLIC)
........................... o
P51 (FWM9 O (Output )
....... () (Output) 7-bit DIA conversion {(PWM) outputs
P50 (PWM8)
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PIN NAME Input/Output Function
P67 (Y/BL) 8-bit programable input/ output port zzi:f;ignal autput or Background blanking control signal
--------------------------- (P67 1o P64 M tri—state, P63to peo M ngh F T I Y
PGG(B) ______________ current output). Each bit of this port
P65 (G) /O (Output) can be individually configured as an RGB output
------------------------ input or an output under software
LA N SO, control. Duringreset, allbitsare | e
P63 configured as inputs. When used as the
R, G, B, Y/BL outputs of on-screen
Pez display circuit, each bit of the P6 port High current output
P61 o data selection register (bits 7to 4in
-------------------------- address 0F91y) must be set to " 1".
P60
P74 to P72 1o 5-hit inputlogtput port with Iatch:
...................................................... When used as input ports, or a vertical
P71 (VD) synchroneus signal input and horizontal | vertical synchronous signal input
-------- ool G (Input) synchronous signal input, the fatch must e T
P70 (HD) besetto 1", Horizontal synchranous signal input
0sC1, 05C2 Resonator connecting pins for on-screen display circuitry.
........................... Input, Output
XiN, XOoUuT Resonator connecting pins. For inputting external clock, XIN is used and XOUT is opened.
RESET HO Reset signal input or watchdog timer output / address-trap- reset output / system-clack-reset output.
TEST Input Test pin for cut-going test. Be tied to low.
VDD, VSS Power Supply +5V, 0V(GND)
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OPERATIONAL DESCRIPTION
1. CPU CORE FUNCTIONS

The CPU core consists of a CPU, a system clock controller, an interrupt controller, and a watchdog timer.
This section provides a description of the CPU core, the program memory (ROM), the data memory
{RAM), and the reset circuit.

1.1

Memory Address Map

The TLCS-870 Series is capable of addressing 64K bytes of memory. Figure 1-1 shows the memory address
maps of the 87CH37/K37/M37. In the TLCS-870 Series, the memory is organized 4 address spaces (ROM,
RAM, SFR, and DBR). It uses a memory mapped /O system, and all I/O registers are mapped in the SFR /
DBR address spaces. There are 16 banks of general-purpose registers. The register banks are also
assigned to the first 128 bytes of the RAM address space.

SFR [ 00004 64 bytes
003F
0040 Note: ROM;
: Register banks
128 byt .
: yies (8 registers x 16 banks) RAM -
00BF ‘
00RD e
RAM
: 896 bytes
oa3F | | .
= o~
OF80
DBR :
128 bytes
OFFF
LA i
4000
: DBR;
Character ROM : 128 characters
SFFF
P ot
ROM : (See Figure 1-2)
FFFF

Read Only Memory includes:
Program memaory

Random Access Memary includes:
Data memory
Stack
General-purpose register banks

Special Function Register includes:
G ports
Peripheral control registers
Peripheral status registers
System control registers
interrupt control registers
Program Status Word

Data Buffer Register includes:
On-Screen-Display (05D) controf
registers
Remote-Control signal
preprocessor control / status
registers

Figure 1-1. Memory Address Map

T 192 bytes T
FFBF
LI RS
FFDE 32 bytes
FFEO ............................
FFFF 32 bytes
87CM37

8090H
? AQ0Oy
: 32512 bytes L.

~~ 24320 bytes T COOOHE——————J
2= 16128 bytes :[
o 192 bytess T
32 bytes
32 bytes
87CK37 B7CH37

Vector table far vector call
instructions {16 vectors)

Vector table for interrugts / | P2ge all
reset {16 vectors)

Entry area for

instructions

Figure 1-2. ROM Address Maps
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1.2 Program Memory (ROM)

The 87CH37 has a 16K bytes (addresses CO00n to FFFFy), the 87CK37 has a 24K bytes (addresses AQ00K to
FFFFH), and the 87CM37 has a 32K bytes (addresses 8000y to FFFFy) of program memary {mask
programmed ROM). Addresses FFOOH to FFFFy in the program memory can also be used for special
purposes. Figure 1-2 shows the ROM address maps of the 87CH37/K37/M37.

(1) interrupt/ Resetvector table (addresses FFEOH to FFFFy)

This table consists of a reset vector and 15 interrupt vectors (2 bytes/vector). These vectors store a
reset start address and interrupt service routine entry addresses.

(2) Vector table for vector call instructions (addresses FFCOy to FFDFR)
This table stores call vectors (subroutine entry address, 2 bytes / vector) for the vector call instructions
[CALLV n]. There are 16 vectors. The CALLV instruction increases memory efficiency when utilized
for frequently used subroutine calls {called from 3 or more locations).

(3) Entry area (addresses FFOOy to FFFFY) for page call instructions
This is the subroutine entry address area for the page call instructions [CALLP n]. Addresses FFOOp-
FFBFy are normally used because address FFCOy to FFFFy are used for the vector tables.

Programs and fixed data are stored in the program memory. The instruction to be executed next is read
from the address indicated by the current contents of the program counter (PC). There are relative jump
and absolute jump instructions. The concepts of page or bank boundaries are not used in the program

memory concerning any jump instruction.

Address ROM
Example: The relationship between the | soooy contents
jump instructions and the PC. ééggg)’
i - ) N
@ 5-bit PC-relative jump [JRS c¢, $+2 +d] : Example : The relationship

: between ROM Contents
FFOO and Call group
: instructions/Interrupt/

E8C4AH: JRS T, $+2+08H
When JF = 1, the jump is made to E8CEW,

which is 08y added to the contents of the Reset

PC. (The PC contains the address of the Y ¥

instruction being executed+2; | FF7B | . CALLP 7BH ; PC < FF7By

therefore, in this case, the PC contents FFBF

are E8C4H + 2 = E8CHY.) FFCO | calivector (L) |56 CALLV OH ; PCe 856y
@ 8-bit PC-relative jump [IR cc, $+2 +d] EFC1 call vector (H) | C8

E8CAH: JR Z, $+2+80H FFC2
When ZF = 1, the jump is made to E846y, :
which is FF80y (- 128) added to the :
current contents of the PC. FFDF

i ’ FFEQ |interruptvector{l)| 68 INTS ; PCe D368y
@ 16-bit absolute jump [IP ] FFET interrupt vector (1] D3
ESC4H ; JP 0C235H FFE2
An unconditional jump is made to :
address C2354. The absolute jump FFF?D
instruction can jump anywhere within FFFE resetvector () |3F RESET . PC e CO3Ey
the entire 64K-bytes space. FFEF | resetvector (H} | CO

in the TLCS-870 Series, the same instruction
used to access the data memory (e.g. [LD A,
(HL}] ) is also used to read out fixed data (ROM data) stored in the program memory. The register-offset
PC-relative addressing (PC + A) instructions can also be used, and the code conversian, table look-up and
n-way multiple jump processing can easily be programmed.

Figure 1-3. Program Memory Map
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Example 1 Loads the ROM contents at the address specified by the HL register pair
contents into the accumulator {HL= 80004 for 87CM37):
LD A, (HL) ; A«<ROM {HL)
Example 2 : Converts BCD to 7-segment code (common anode LED). When A = 054, 924 is
outputto port P5 after executing the following program: a
ADD A, TABLE-$-4 ; P5<ROM(TABLE +A) Wg
LD (P5), (PC+A) g 0P
JRS T, SNEXT : Jump to SNEXT e g‘
TABLE: DB 0COH, OF9H, 0A4H, OBOH, 99H, 92H, 82H, 0D8H, 80H, 98H % @h
SNEXT : T e
SHLC A
Notes. “%"isa headeraddressof ADD instruction. — P (PC+A} o
DB is a byte data difinition instruction. | [ _____: 351
C2
Example3 : N-waymultiple jumpin accordance with the contents of ----——-Z:-g ------ .
accumulator (0=A=3): [ 37|
SHLC A ; if A=00y then PCeC234y DA
P (PC+A) if A=01y then PCe-C3784  [---=7 oo
if A=02y then PC<DA37y ]

if A=034 then PC«<E1BOyH
DW 0C234H, 0C378H, 0DA37H, OE1BOH

[Note :  DWoisa word data definition instruction. l

1.3 Program Counter (PC)
The program counter (PC) is a 16-hit register which indicates the program memory address where the
instruction to be executed next is stored. After reset, the user defined reset vector stored in the vector
table (addresses FFFFy and FFFER) is loaded into the PC ; therefore, program execution is possible from
any desired address. For example, when COy and 3Ey are stored at addresses FFFFy and FFFEQ,
~ respectively, the execution starts from address CO3Ey after reset.
The TLCS-870 Series utilizes pipelined processing (instruction pre-fetch); therefore, the PC always
indicates 2 addresses in advance. For example, while a 1-byte instruction stored at address C123p is being
executed, the PC contains C1254.

MSB

LSB

1514131211109 8 7 6 5 4 3 2 1 0 P Contents :X a_ X arl X a+2 ) EEEE X—__

Program Counter (PC)

PCy

PC, Instruction Execution J a-2 X a—1 _X a X_ a+1

(a) Configuration {b) Timing chart of PC Contents and Instruction Execution

Figure 1-4. Program Counter

3-37-8
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1.4 Data Memory (RAM)
The 87CH37/K37/M37 have a 1K bytes (addresses 0040y to 043Fy) of data memory (static RAM). Figure 1-
5 shows the data memory map.
Addresses 00004 to 00FFy are used as a direct addressing area to enhance instructions which utilize this
addressing mode; therefore, addresses 0040y to 00FF in the data memory can also be used for user flags
or user counters. General-purpose register banks (8 registers x 16 banks) are also assigned to the 128
bytes of addresses 0040y to 00BFH. Access as data memory is still possible even when being used for
registers. Far example, when the contents of the data memory at address 0040y is read out, the contents
of the accumulator in the bank 0 are also read out. The stack can be located anywhere within the data
memory except the register bank area. The stack depth is limited only by the free data memory size. For
more details an the stack, see section “1.7 Stack and Stack Pointer”.
With the TLCS-870 series, programs in data memory cannot be executed. If the program counter
indicates a specific data memory address an address-trap-reset is generated due to bus error. {(Output
from the RESET pin goes low.)

Example 1 : If bit 2 at data memory address 00COy is “1“, 00y is written to data memory at
address 00E3y; otherwise, FFy is written to the data memory at address 00E3y: o
TEST (00COH).2 ;7 if (00C0OW) 2 =0thenjump
JRS T,SZERO
CLR (OOE3H) ; {00E3H) « 00y
JRS T,SNEXT
SZERO : LD (QOE3H), OFFH ; (00E3n) « FFy
SNEXT :
Example2 : Increments the contents of data memory at address 00F5y, and clears to 004 when
104 is exceeded:
INC (DOFSH) ;. (00F5y) « (DOF5H) + 1
AND (OOF5H), OFH ;. (DOF5y) = (DOFS)ADFH

The data memory contents become unstable when the power supply is turned on; therefore, the data
memory should be initialized by an initialization routine.

Note: The general-purpuse registers are mapped in the RAM ; therefore, do not clear RAM at the
current bank addresses.

Example : ClearsRAM to "00y" except the bank Q;
LD HL, 0048H ; Setsstart address to HL register pair
LD A, H . Setsinitial data (00y) to A register
LD BC, 03F7H . Sets number of byte to BC register pair
SRAMCLR : LD (HL+), A
DEC BC

JRS F. SRAMCLR

3-37-9
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TOSHIBA MAINTENANCE TMP87CH37/K37/M37
Address 0 1 2 3 4 5 6 7 8 9 A B C D E F
00404 :Register:banxo : _Reg:ister.ban!d .
o050 Regn;terbankz Reg|sterbank3
0050 L Reg‘sterban;l; Reg.;ugrbanks
W Reg.sterbanks ...... TP B Reglster.bank_, ............
0080 Reg|sterbank3 Reg|sterbank9 ...... -
0090 ¥’Reglsterban‘k‘|0 Reglsterbankﬂ """"""" Direct addressing area
SR Reglsterban“z .................. Reg|sterbank13 ............
o080 Reg|sterbank‘|d ...... T Reglsterbank15
00Co N ‘ o
0000
0QEQ
00F0
0100
0110
04::?,0

Figure 1-5. Data Memory Map

1.5 General-purpose Register Banks
General-purpose registers are mapped into addresses 0040y to 00BFy in the data memory as shown in
Figure 1-5. There are 16 register banks, and each bank contains eight 8-bit registers W, A, B, C, D, E, H,
and L. Figure 1-6 shows the general-purpose register bank configuration.

S

IL—

bank 15 (00B8 to 00BF)
bank 14 {00B0 to 00B7y)

bank 13 {00A8 to 00AF.)

W A bank 12 (00A0 to 00A7y)
B C .
........................... L bank 4 (0060 to 0067))
D E — bank 3 (0058 to 005Fy)
--------------------------- r— bank 2 (0050 to 0057y)
H L I bank 1 {0048 to 004Fy)

bank Q0 {0040 10 0047y)

Example : Bank 0

WA
{00414) : (00404}

D : E
(0045y) : (0044y)

L
(0047y) : (0046y)

(a}) Configuration

(b} Address assignments of registers

Figure 1-6. General-purpose Register Banks.
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TOSHIBA MAINTENANCE TMP87CH37/K37/M37

In addition to access in 8-bit units, the registers can also be accessed in 16-bit units as the register pairs
WA, BC, DE, and HL. Besides its function as a general-purpose register, the register also has the following
functions;

(1) A, waA
The A register functions as an 8-bit accumulator and WA the register pair functions as a 16-bit
accumulator (W is high byte and A is low byte). Registers other than A can also be used as
accumulators for 8-bit operations.

Examples: @ ADD A, B ; Adds B cantents ta A contents and stores the result into A.
@ SUB WA, 1234H : Subtracts 1234y from WA contents and stores the result into
WA.
@ SUB E, A ; Subtracts A contents from E contents, and stores the result
into E.
(2) HL,DE

The HL and DE specify a memory address. The HL register pair functions as data pointer {HL) / index
register (HL +d}/ base register (HL + C), and the DE register pair function as a data pointer (DE). The
HL also has an auto-post- increment and auto-pre-decrement functions. This function simplifies
multiple digit data processing, software LIFO (last-in first-out) processing, etc.

Example1: @D LD A, (HL) ; Loadsthe memory contents at the address specified by HL
into A.
@ LD A, (HL+52H) ; Loads the memory contents at the address specified by the
value obtained by adding 524 to HL contentsinto A.
@ LD A, (HL+C) ; Loadsthe memory contents at the address specified by the
value obtained by adding the register C contents to HL
contents into A.

@ LD A, (HL+) ; Loadsthe memory contents at the address specified by HL
, inte A. Then increments HL.
® LD A, {(-HL) ; Decrements HL. Then loads the memory contents at the

address specified by new HL into A.

+

The TLCS-870 Series can transfer data directly memory to memory, and operate directly between
memory data and memory data. This facilitates the programming of block processing.

Example 2 : Block transfer

LD B, n-1 ; Sets (number of bytes to transfer) - 1to B
LD HL, DSTA ; Sets destination address to HL
LD DE, SRCA ; Sets source address to DE
SLOOP : LD (HL), (DE) ; (HL) < (DE)
INC HL s HLeHL+1
INC DE ; DE«~DE +1
DEC B8 ; Be&B-1JRSF SLOOP ; if B2 Qthenloop

(3) B,CBC
Registers B and C can be used as 8-bit buffers or counters, and the BC register pair can be used as a
16-bit buffer or counter. The C register functions as an offset register for register-offset index
addressing (refer to example 1@ above) and as a divisor register for the division instruction [DIV g9,
cl. '

3-37-11
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Example 1 : Repeat processing

b Bn ; Setsn asthe number of repetitions{o B
SREPEAT : : processing : (n + 1times processing)
DEC ~ B

JRS F, SREPEAT

Example2 : Unsigned integer division (16-bit + 8-bit)
DIV WA, C ; Divides the WA contents by the C contents, places the
guotientin A and the remainderin W.

The general-purpose register banks are selected by the 4-bit register bank selector (RBS). During reset,
the RBS is initialized to “0”. The bank selected by the RBS is called the current bank.

Together with the flag, the RBS is assigned to address 003Fy in the SFR as the program status word (PSW).
There are 3 instructions [LD RBS, n], [PUSH PSW] and [POP PSW] to access the PSW. The PSW can be also
operated by the memory access instruction.

Example 1 : Incrementing the RBS
iNC {O03FH) ; RBS<RBS + 1

Example2 : Readingthe RBS
LD A, (O03FH) ; A« PSW (A3.0 < RBS, A7.4<Flags)

Highly efficient programming and high-speed task switching are possible by using bank changeover to
save registers during interrupt and to transfer parameters during subroutine processing.

During interrupt, the PSW is automaticalily saved onto the stack. The bank used before the interrupt was
accepted is restored automatically by executing an interrupt return instruction [RETI] / [RETN] ; therefore,
there is no need for the RBS save / restore software processing.

The TLCS-870 Series supports a maximum of 15 interrupt sources. One bank is assigned to the main .
program, and one bank can be assigned to each source. Also, to increase the efficiency of data memory
usage, assign the same bank to interrupt sources which are not nested.

Example : Saving/restoring registers during interrupt task using bank changeover.
PINT1: LD RBS, n ; RBS & n (Bank changeover) .
..Interrupt processing __
RETI ; Maskable interrupt return (Bank restoring)

1.6 Program Status Word (PSW)
The program status word (PSW) consists of a register bank selector (RBS) and four flags, and the PSW is
assigned to address 003Fy in the SFR.
The RBS can be read and written using the memaory access instruction (e. g. [LD A, (003FH)], [LD (003FH),
A], however the flags can only be read. When writing to the PSW, the change specified by the instruction
is made without writing data to the flags. For example, when the instruction [LD {003FH), O5H] is
executed, “5" is written to the RBS and the JFissetto “1”, but the other flags are not affected.
[PUSH PSW] and [POP PSW] are PSW access instructions.

1.6.1 Register Bank Selector (RBS)

R . . . 2 1 0
The register bank selector (RBS) is a 4-bit register used to 18 s 43 -

select general-purpose register banks. For example, when JF ZF CF HF " RBS

RBS = 2, bank 2 is currently selected. During reset, the RBS — ——

isinitialized to "0". Figure 1-7. PSW (Flags, RBS) Configuration
3-37-12
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1.6.2 Flags
The flags are configured with the upper 4 bits : a zero flag, a carry flag, a half carry flag and a jump status
flag. The flags are set or cleared under conditions specified by the instruction. These flags except the
half carry flag are used as jump condition “cc” for conditional jump instructions [JRcc, $+2 +d]/ [IRS ¢,
$ +2+d]. After reset, the jump status flag is initialized to “1 “, other flags are not affected.

(1) Zero flag {ZF)
The ZF is set to “1" if the operation result or the transfer data is 00y (for 8-bit operations and data
transfers) /0000y (for 16-bit operations); otherwise the ZF is cleared to “0".
During the bit manipulation instructions [SET, CLR, and CPL), the ZF isset to "1“ if the contents of the
specified bitis "0”; otherwise the ZF is cleared to “0".
This flag is set to “1” when the upper 8 bits of the product are 00y during the multiplication
instruction [MUL], and when 00y for the remainder during the division instruction [DIV]; otherwise it
is cleared to “0".

(2) Carry flag (CF)
The CFisset to “1” when a carry out of the MSB (most significant bit) of the result occurred during
addition or when a borrow into the MSB of the result occurred during subtraction; otherwise the CF
is cleared to “0". During division, this flag is set to “1” when the divisor is 00n (divided by zero error),
or when the quotient is 1004 or higher (quotient overflow error); otherwise it is cleared. The CFis
also affected during the shift / rotate instructions [SHLC, SHRC, ROLC, and RORC]. The data shifted . R
out from a register is set to the CF.
This flag is also a 1-bit register (a boolean accumulator) for the bit manipulation instructions.
Set/clear/complement are possible with the CF manipulation instructions.

Examplet : Bit manipulation :
LD CF, (0007H).5 ; (00011)7 « (0007)5 ' (009AR)o
XOR CF, (009AH). 0
LD {0CO1H) . 2, CF

Example2 : Arithmeticright shift
LD CF, A.7 A A2
RORC A

(3) Half carry flag (HF)
The HF is set to ”1” when a carry occurred between bits 3 and 4 of the operation result during an 8-
bit addition, or when a borrow occurred from bit 4 into bit 3 of the result during an 8-bit
subtraction; otherwise the HF is cleared to “0". This flag is useful in the decimal adjustment for BCD
operations (adjustments using the [DAA 1], or [DAS r]instructions).

Example : BCD operation
(The A becomes 47y after executing the following program when A = 19, B = 28y)
ADD A B . Ae41y4, HF <1, CF«<0
DAA A ; A4y + 0y = 474 (decimal-adjust)
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(4] Jump status flag (JF)
Zero or carry information is set to the JF after operation (e.g. INC, ADD, CMP, TEST).
The JF provides the jump condition for conditional jump instructions [JRS T/F, $+2+d], [JR T/,
$ +2 +d] (T or Fis a condition code). Jump is performed if the JF is 71" for a true condition (T}, or the
JFis "0" for a false condition (F).
The JE is set to “1" after executing the load / exchange / swap / nibble rotate/jump instruction, so that
RST,$+2+d]and URT,$+2+d]canbe regarded as an unconditional jump instruction.

Example : Jump status flag and conditional jump instruction

INC A

JRS T, SLABLE1 . Jump when a carry is caused by the immediately
: preceding operation instruction.

LD A, (HL)

JRS T, SLABLE2 . JFissetto “1” by the immediately preceding
: instruction, making it an unconditional jump

instruction.

Example :The accumulator and flags become as shown below after executing the following instructions
when the WA register pair, the HL register pair, the data memory at address 00C5y, the carry flag
and the haif carry flag contents being “219A4", “00C54", “D74", 1" and “0°, respectively.

instruction Acc. after Flag‘after _execu.tion Instruction Acc. after Flag‘after .execuTion
execution ; JF : ZF ! CF i HF execution | JF | ZF CF : HF

ADDC A, (HL) 72 pioi1 i INC A 9B 0 0iio
5uBB A, (HL) 2 1010 ROLC A 35 1010
CMP A, (HU 9A o%ogtéo RORC A co o%oéo%o
AND A, {HL) 92 0 Q 1 0 ADD WA, OF508H 16A2 1 g 1 0
LD A, (HL) D7 } 0 1 0 MUL W, A 13DA t] 0 1 0
ADD A, 66H 00 1 1 1 1 SET AL BA 1 1 1 g

1.7 Stack and Stack Pointer

1.7.1 Stack
The stack provides the area in which the return address or status, etc. are saved before a jump is
performed to the processing routine during the execution of a subroutine call instruction or the
acceptance of an interrupt. On a subroutine call instruction [CALL a] / [CALLP n] / [CALLV n}, the contents
of the PC (the return address) is saved; on an interrupt acceptance, the contents of the PC and the PSW
are saved (the PSW is pushed first, followed by PCH and PCL). Therefore, a subroutine call occupies two
bytes on the stack; an interrupt occupies three bytes.
When returning from the processing routine, executing a subroutine return instruction [RET] restores the
contents to the PC from the stack; executing an interrupt return instruction [RETI] / [RETN] restores the
contents to the PC and the PSW (the PC, is popped first, followed by PCH and PSW).
The stack can be located anywhere within the data memory space except the register bank area,
therefore the stack depth is limited only by the free data memory size.

3-37-14
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1.7.2 Stack Pointer (SP)
The stack pointer (SP) is a 16-bit register containing the address
of the next free locations on the stack.
The SP is post-decremented when a subroutine call or a push
instruction is executed, or when an interrupt is accepted; and
the SP is pre-incremented when a return or a pop instruction is
executed. Figure 1-9 shows the stacking order.

MSB LsB
151413121110 987 6 543210

[ Stack Pointer {SP) i

Figure 1-8. Stack Pointer

The SP is not initialized hardware-wise but requires initialization by an initialize routine (sets the highest
stack address). [LD SP, mn}, [LD $P, gg] and [LD gg, SP] are the SP access instructions (mn ; 16-bit

immediate data, gg ; register pair).

Example 1 : Toinitialize the SP
LD SP, 043FH ; SPe-043Fy

Example2 : Toread the SP
LD HL, SP . HL<SP

At acceptance
of interrupt

At execution of or
aCALL/CALLV/CALLP at execution of At execution of
instruction a SWiinstruction a RET instruction

SP before [ pq3F 043F
execution

xecution

(a) Stacking order

<
a &
o || w
-, [

At execution of
a RETI/RETN R
instruction

: stack
depth
043C i
,‘, 043F
043F

{b) Stack depth

Figure 1-9. Stack
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1.8 System Clock Controller
The system clock controller consists of a clock generator, a timing generator, and a stand-by controller.

Timing generator control register

Clock X
! generator 0036y @
XN = e
—I I T D 1 High-frequency | : Timing

£ v . i Stand-by controller
_| : clack oscillator : generator —

BBE.

System clocks

| XTIN :
| ('_'lI D Low-frequency 0038y 0039,
'_H T D clock oscillator [ SYSCR1 | r SYSCR2 J

Vord H e -1 generator control System control registers

Figure 1-10. System Clock Controller

1.8.1 Clock Generator
The ciock generator generates the basic clock which provides the system clocks supplied to the CPU core
and peripheral hardware. It contains two oscillation circuits: one for the high-frequency clock and one
for the low-frequency clock. Power consumption can be reduced by switching of the system clock
controller to low-power operation based on the low-frequency clock.
The high-frequency (f¢) and low-frequency (fs) clocks can be easily obtained by connecting a resonator
between the XIN / XOUT and XTIN / XTOUT pins, respectively. Clock input from an external oscillator is
also possible. In this case, external clock is applied to the XiN / XTIN pin with the XOUT / XTOUT pin not
connected. The 87CH37/K37/M37 are not provided an RC osciliation.

e High-frequency clock ========~"==""" p pessmmsTeTT s Low-frequency ¢clock ~="77 77777777 1
] 1] 1 1
\ | ] 1
H XIN XOouT XIN XOuT H 1 XTIN XTouT XTIN XTOUT H
[] ] 1 1
: . 0
H . (open) | | ) (open) i
] 1 1 t
— By |
d ' ; .
| L :
1 1 1 )
&% L E ;
1
1 ) 1 - ]
i (a) Crystal/Ceramic {b) External oscillator ) {¢) Crystal (d) External oscillator :
: resonator : E. J:

Figure 1-11. Examples of Resonator Connection

Note : Accurate Adjustment of the Oscillation Frequency:
Although hardware to externally and directly monitor the basic clock pulse is not provided,
the oscillation frequency can be adjusted by making the program to output fixed frequency
pulses to the port while disabling all interrupts and monitoring this pulse. With a system
requiring adjustment of the oscillation frequency, the adjusting program must be created
beforehand.
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Example : To output the high-frequency oscillation frequency adjusting monitor pulse to P13
(DVO) pin.
SFCCHK : LD {P1CR), 000010008 ; Configures portP13 asan output
SET (P1).3 ‘ ;P13 output latch <1
LD  (TBTCR), 11100000B; Enablesdivider output
IRS T,% ; Loopsendiess
output waveform

L

{1024 —>

1.8.2 Timing Generator
The timing generator generates from the basic clock the various system clocks supplied to the CPU core
and peripheral hardware. The timing generator provides the following functions :

(1)

@© Generation of main system clock

@ Generation of divider output (DVO) pulses

@ Generation of source clocks for time base timer

@ Generation of source clocks for watchdog timer

® Generation of internal source clocks for timer/ counters TC1 - TC4 S
® Generation of warm-up clocks for releasing STOP mode

@ Generation of a clock for releasing reset output

Configuration of Timing Generator
The timing generator consists of a 21-stage divider with a divided-by-4 prescaler, a main system dock
generator, and machine cycle counters. An input clock to the 7th stage of the divider depends on
the operating mode and DV7CK (bit 4 in TBTCR) shown in Figure 1-12 as follows.
During reset and at releasing STOP mode, the divider is cleared to “0", however, the prescaler is not
cleared.

@ In the single-clock mode
A divided-by-256 of high-frequency clock {f¢/28} is input to the 7th stage of the divider.

@ Inthe duai-clock mode
During NORMAL?2 or IDLE2 mode (SYSCK =0), an input clock to the 7th stage of the divider
can be selected either “f¢/28” or "fs” with DV7CK.
During SLOW or SLEEP mode (SYSCK = 1), fs is automatically input to the 7th stage. To input
clock to the iststage isstopped ; output from the 1st to 6th stages is also stopped.
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. fm ] |+ » machine cycles
.| main system clock generator machine cycle counters ‘> states
SYSCK > T l
DV7CK
prescaler divider fo28 s divider
. 281a
::g.]c"'l(-frequency, fe 254 2 3]s s e BY 7|8 |9 rojiapr2jizfra{is|1617[18)19]20f21
Low-frequency . fs s P
clock 7 MPX > Reset circuit
L Stand-by
ol ’) controller
Timer/ RN
Counters Watchdog
—> | Timer
N
e
Time Base
Timer
Divider
output circuit
Note : MPX; Multiplexer
Figure 1-12. Configuration of Timing Generator
7 5 4 3 2 1 L
18TCR  [ovoen|  ovocks [ ovrek | (reTem) | (TBTCK) | (nitialvalue: * 0++0 Onsx)
(0036y) - - -
Selection of input clock to 0: fc/28 (Hz Write
r DV7CK Ithe 7th stage of the divider I 1 fs (Hz) only l

Notel : fc ; high-frequency clock [Hz], 15, low-frequency clock [Hz], * ; don‘t care

Note2: Do notset DV7CK to “1” in the single-clock mode.

Note2: Do notset DVZCK to “1" before low-frequency clock is stable in the dual-clock mode.

Noted:  TBTCRIis a write-only register and must not be used with any of read-madify-write instructions.

Figure 1-13. Timing Generator Cantrol Register

{2) Machine Cycle
Instruction execution and peripheral hardware operation are synchronized with the main system
clock. The minimum instruction execution unit is called a “machine cycle”. There are a total of 10
different types of instructions for the TLCS-870 Series: ranging from 1-cycle instructions which
require one machine cycle for execution to 10-cycle instructions which require 10 machine cycles for
execution. '
A machine cycle consists of 4 states (50 to $3), and each state consists of one main system clock.
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1Ilfc or 1/f5 [s]

|

b

Main System Clock _' |
(fm) !

I

State l 50

-

51 52 53 so | st ] s2 [ s3]

[}
Machine cycle -———-————>

0.5us atfc=8MHz
122 us atfs=32.768kHz

Figure 1-14. Machine Cycle

1.8.3 Stand-by Controller
The stand-by controller starts and stops the oscillation circuits for the high-frequency and low-frequency
clocks, and switches the main system clock. There are two operating modes: single-clock and dual-clock.
These modes are controlled by the system control registers (SYSCR1, SYSCR2).
Figure 1-15 shows the operating mode transition diagram and Figure 1-16 shows the system control
registers. Either the single-clock or the dual-clock mode can be selected by an aption during reset.

(1) Single-clock mode
Only the oscillation circuit for the high-frequency clock is used, and P21 (XTIN) and P22 (XTOUT) pins
are used as input/output ports. In the single-clock mode, the machine cycle time is 4/fc {s} (0.5 us at
fc =8 MHz).

D NORMAL1 mode
in this mode, both the CPU core and on-chip peripherals operate using the high-frequency
clock. In the case where the singie-clock mode has been selected as an option, the
87CH37/K37/M37 are placed in this mode after reset.

@ IDLE1 mode

In this mode, the internal oscillation circuit remains active. The CPU and the watchdog timer
are halted; however, on-chip peripherals remain active (operate using the high-frequency
clock). IDLE1 mode is started by setting IDLE bit in the system control register 2 (SYSCR2),
and IDLET mode is released to NORMAL1 mode by an interrupt request from on-chip
peripherals or external interrupt inputs. When IMF (interrupt master enable flag) is "1
(interrupt enable), the execution will resume upon acceptance of the interrupt, and the
operation will return to normal after the interrupt service is completed. When IMF is "0
{(interrupt disable), the execution will resume with the instruction which follows IDLE mode
start instruction.

@ STOP1 mode

in this mode, the internal oscillation circuit is turned off, causing all system operations to be
halted. The internal status immediately prior to the halt is held with the lowest power
consumption during this made. The output status of all output ports can be set to either
output hold or high-impedance under software control.

STOP1 mode is started by setting STOP bit in the system control register 1 (SYSCR1), and
STOP1 mode is released by an input (either level-sensitive or edge-sensitive can be
programmably selected) to the STOP pin. After the warming-up period is completed, the
execution resumes with the next instruction which follows the STOP mode start instruction.
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{2) Dual-clock mode

Both high-frequency and low-frequency oscillation circuits are used in this mode. Pins P21 (XTIN)
and P22 (XTOUT) cannot be used as input/output ports. The main system clock is obtained from the
high-frequency clock in NORMAL2 and IDLE2 modes, and is obtained from the low-frequency clock
in SLOW and SLEEP modes. The machine cycle time is 4/fc [s] (0.5 x5 at fc =8 MHz) in NORMAL2 and
IDLE2 modes, and 4/fs [s] (122 s at fs=32.768 kHz) in SLOW and SLEEP modes. Note that the
87PM37 is placed in the single-clock mode during reset. To use the dual-clock made, the low-
frequency oscillator should be turned on by executing [SET (SYSCR2).XTEN] instruction.

@ NORMAL2 mode
in this mode, the CPU core aperates using the high-frequency clock. On-chip peripherals
operate using the high-frequency clock and / or low-frequency clock. In case that the dual-
clock mode has been selected by an option, the 87CH37/K37/M37 are placed in this mode
after reset.

@ SLOW mode
This mode can be used to reduce power-consumption by turning off oscillation of the high-
frequency dock. The CPU core and on-chip peripherals operate using the low-frequency
clock.
Switching back and forth between NORMAL2 and SLOW modes is performed by the system
control register 2.

& IDLEZ mode
In this mode, the internal oscillation circuits remain active. The CPU and the watchdog timer
are haited; however, on-chip peripherals remain active (operate using the high-frequency
clock and / or the low-frequency clock). Starting and releasing of IDLE2 mode are the same
as for IDLE1 mode, except that operation returns to NORMAL2 mode.

@ SLEEP mode
In this mode, the internal oscillation circuit of the low-frequency clock remains active, The
CPU, the watchdog timer, and the internal oscillation circuit of the high- frequency clock are
halted; however, on-chip peripherals remain active (operate using the low-frequency clock).
Starting and releasing of SLEEP mode is the same as for IDLE1 mode, except that operation
returnsto SLOW mode.

® STOP2 mode
As in STOP1 mode, all system operations are halted in this mode.
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RESET1

reset release

software software
IDLET * NORMALI1 > STOP1
mode - mode mode
interrupt STOP pin input

(a) Single-clock mode

RESET2

reset release

software

IDLE2 < T | NORMALZ
mode mode .
interrupt
soft| =—= .. [
an 51:0? pin $TOP2
input et mode
SOftwarg P 4
SLEEP SLOW . e
mode mode -~ software N
interrupt

(b} Dual-clock mode

Note 1: NORMAL! and NORMALZ modes are
generically called NORMAL: STOP1 and
STOP2 are called STOP; and IDLE1, [DLE2
and SLEEP are called IDLE.

Note2:  Thereis nota RESETZ mode in 87PM37.

] Frequency On-chip Machine cycle
Operating mode |— CPU core ]
High-frequency | Low-frequency Peripherals time
. |RESETH reset reset
v .
) turning on
o | NORMAL? . . operate Affe
hd oscillation turning off P operate Is
i IDLE1 oscillation
Loyl
= - halt
= turning off
- —
STOP oscillation halt
RESET2 reset reset
turning on
~ | NORMAL2 oscillation High-frequency operate 4ifc [s]
X .
8 DLER turning on halt {High and / or Low)
3 oscillation
3 |5L0W Low-frequency ais[s)
=} ; Low-frequency sls
SLEEP turr?lng.off ‘
oscillation hal
turning off alt —
STOP2 oscillation halt

Figure 1-15. Operating Mode Transition Diagram
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System Control Register 1
' 6 5 a4 3 2 1 0

SYSCR1

(0038,) | 5T0° | Rew [ rerm loures] wr | i © (initial value: 0000 00%+)
0 : CPU core and peripherals remain active
5TOP STOP mode start 1 : CPU core and peripherals are halted
{start STOP mode}

RELM Release method 0 : Edge-sensitive release
for STOP mode 1 : Level-sensitive refease
QOperating mode 0 : Return to NORMAL mode
RET! R/W
M after STOP mode 1 : Return to SLOW mode
OUTEN Port output control 0 : High-impedance
during STOP mode 1 : Remain unchanged
. . 00: 3x2"/fc or Ix2%/1s [s]
WUT Warming-up time at 01 : 2%7fc or 274

releasing STOP mode

1* : Reserved

Note1:  Alwaysset RETM to "0” when transiting from NORMAL1 mode to STOP1 mode and from
NORMALZ mode to STOP2 mode. Always set RETM to 1" when transiting from SLOW mode to
STOP2 mode. )

Note2: When STOP mode is released with RESET pin input, a return is made to NORMAL mode regardless
of the RETM contents.

Note3: fc ; high-frequency clock [Hz]
fs ; low-frequencyclock  [Hz]
* ; don’t care

Noted4:  Bits t and 0in SYSCR1 are read in as undefined data when a read instruction is executed.

Note5 : If 87CH37IK37IM37 is moved-to STOP mode while OUTEN = "07, internal inputs fix “0”. Then
there is a possibility to set interrupt of falling edge.

System Controf Register 2

7 4 3 2 1 0
R2 B R R R prosesneans ' .
?g053c9|-|) I XEN ] XTEN I SYSCKl IDLEJ : P (Initial vaiue: 10/100 *xwx*)
XEN High-frequency oscillator [ 0 : Turn off oscillation
control 1 : Turn an oscillation
XTEN Low-frequency oscillator | 0 :Turnoff oscillation
control 1 : Turnon oscillation

Main system clock select 0
SYSCK | (write) / main system clock
monitor (read)

: High-frequency clock
1 : Low-frequency clock

0 : CPU and watchdog timer remain active

IDLE IDLE .
mode start 1 : CPU and watchdog timer are stopped {start IDLE mode)

Note1:  Aresetisapplied (RESET pin output goes low) if bath XEN and XTEN are cleared to "0”.
Note2: Donotclear XENto "0" when SYSCK =0, and do not clear XTEN to "0” when SYSCK =1.
Note3: *;don‘tcare

Noted:  Bits3-0inSYSCR2 are always read in as “1” when a read instruction is éxecuted.

Note5:  Anoptional initial value can be selected for XTEN. Always specify when ordering ES (engineering
sample). Initial value of XTEN in 87PM37 is "0".

XTEN |operating mode after reset

0 Single-clock mode (NORMAL1)
1 Dual-clock mode (NORMALZ)

Figure 1-16. System Control Registers
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1.8.4 Operating Mode Control

(1) STOP mode (STOP1, STOP2)
STOP mode is controlled by the system control register 1 (SYSCR1) and the STOP pin input. The STOP
pin is also used both as a port P20 and an INT5 (external interrupt input 5) pin. STOP mode is started
by setting STOP (bit 7 in SYSCR1) to “1”. During STOP mode, the following status is maintained.

@ Oscillations are turned off, and all internal operations are halted.

@ The data memory, registers (except DBR) and port output latches are all held in the status in
effect before STOP mode was entered. The port output can be select either output hold or
high-impedance by setting OUTEN ( bit 4 in SYSCR1).

@ The divider of the timing generator is cleared to "0”

@ The program counter holds the address of the instruction following the instruction which
started the STOP mode. ‘

STOP mode includes a level-sensitive release mode and an edge-sensitive release mode, either of
which can be selected with RELM (bit 6 in SYSCR1).

a. Level-sensitive release mode (RELM = 1)
in this mode, STOP mode is released by setting the STOP pin high. This mode is used for
capacitor back-up when the main power supply is cut off and long term battery back-up.
When the STOP pin input is high, executing an instruction which starts the STOP mode will not
place in STOP mode but instead will immediately start the release sequence {warm-up). Thus, to
start STOP mode in the level-sensitive release mode, it is necessary for the program to first
confirm that the STOP pin input is low. The following method can be used for confirmation:

Using an external interrupt input INTS (INTS is a falling edge-sensitive input}.

Example : Starting STOP mode with an INTS interrupt.
PINT5: TEST (P2).0 ; Toreject noise, the STOP mode does not start if
JRS F, SINTS port P20is at high
LD (SYSCR1), 010000008 . Sets up the level-sensitive release mode.
SET  (SYSCR1).7 ; Starts STOP mode
LOW  (iL), 11100111010101118 ; IL42, 11,7, 5,3 « 0 (Clears interrupt latches)
SINTS: RETI

XOuTpin AR SRR

NORMAL | STOP ; NORMAL
operation E operation = Warm-up _’" operation
Confirm by program that the \_

STOP mode is released by the hardware.

STOP pin inputis low and Alwa . A6
ys released if the STOP
start STOP mode. ( pin input is high.

STOP pin \_ 7?% \

Nl as
RYENERVEN

Figure 1-17. Level-sensitive Release Mode

Notel :  Afterwarming up is started, when STOP pin input is changed "L level, STOP mode is not placed.
Note2: When changing to the level-sensitive release mode from the edge-sensitive release mode, the refease mode
is not switched until a rising edge of the STOP pin input is detected.
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b. _Edge-sensitive release mode {(RELM = 0)

In this mode, STOP mode is released by a rising edge of the STOP pin input. Thisis used in
applications where a relatively short program is executed repeatedly at periodic intervals. This
periodic signal (for example, a clock from a low-power consumption oscillator) is input to the STOP
pin.

In the edge-sensitive release mode, STOP mode is started even when the STOP pin input s high.

Example : Starting STOP mode operation in the edge-sensitive release mode
LD {SYSCR1), 00000000B ; QUTEN « 0 (specifies high-impedance)
DI ; IMF « 0 (disables interrupt service)
SET  (SYSCR1).STOP ; STOP « 1 (activates stop mode)

LDW (iL), 1110011101010111B  ;1L12,11,7,5,3«0
(clears interrupt latches)
El : IMF < 1 (enables interrupt service)

] . £
- "\ o X \
STOP pin ! 4 : — 4
. I (¢ : fL
24
XOUT pin h ﬂ
1
NORMAL ‘! STOP ‘ ) ! ! sTOP
operation operation e Warm-up ’:‘NORMAL e operation
/ \ operation /
STOP mode started
by the program.
yineprog STOP mode is released by the hardware at the rising
edge of STOP pininput.

Figure 1-18. Edge-sensitive Release Mode

STOP mode is released by the following sequence:

© When returning to NORMAL2, both the high-frequency and low-frequency clock oscillators
ate turned on ; when returning to SLOW mode, only the low-frequency clock oscillator is
turned on. When returning to NORMALT1, only the high-frequency clack oscillator is turned
on.

® A warming-up period is inserted to allow oscillation time to stabilize. During warm-up, all
internal operations remain halted. Two different warming-up times can be selected with
WUT ( bits 2 and 3in SYSCR1) as determined by the resonator characteristics.

® When the warming-up time has elapsed, normal operation resumes with the instruction
following the STOP mode start instruction {e.g. [SET (SYSCR1). 7]). The start is made after
the divider of the timing generatoris cleared to “0".

Table 1-1. Warming-up Time Example

Return to NORMAL mode Return to SLOW mode
WwuT At fc=4.194304 MHz At fe=8MHz WUt At fs=32.768 kHz
3x2"%fc s 375 [ms) 196.6 [ms] 3x 2% [s) 750 [ms)
2"%f¢ 125 65.5 2%%fs 250

Note: Thewarming-up time is obtained by dividing the basic clock by the divider: therefore,
the warming-up time may include a certain amount of error if there is any fluctuation
of the oscillation frequency when STOP mode is released. Thus, the warming-up time
must be considered an approximate value.
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(2)

STOP mode can also be released by setting the RESET pin low, which immediately performs the

normal reset aperation.

87CH37/CK37/M37 restarts NORMAL2 mode (NORMAL1 mode at

87PM37), even if setting is returning to SLOW mode.

Note :
observed.

input).

When STOP mode is released with a low hold voltage, the following cautions must be

The power supply voltage must be at the operating voltage level before releasing
STOP made. The RESET pin input must also be high, rising together with the power
supply voltage. In this case, if an external time constant circuit has been connected,
the RESET pin input voltage will increase at a slower rate than the power supply
voltage. At this time, there is a danger that a reset may occur if input voltage level of
the RESET pin drops below the non-inverting high-level input voltage (hysteresis

IDLE mode {IDLE1, IDLE2, SLEEP)
IDLE made is controlled by the system control register
2 and maskable interrupts. The following status is
maintained during IDLE mode.
@ Operation of the CPU and watchdog timer is
halted. On-chip peripherals continue to operate.
The data memory, CPU registers and port output
latches are all held in the status in effect before
IDLE mode was entered. '
The program counter holds the address of the
instruction following the instruction which
started iIDLE mode.

@

@

Starting IDLE mode.
{SYSCR2) .4 ; IDLEe1

Example
SET

IDLE mede includes a normal release mode and an
interrupt release mode. Selection is made with the
interrupt master enable flag (IMF). Releasing the IDLE
mode returns from IDLE1 to NGRMAL1, from IDLE2 to
NORMALZ2, and from SLEEP to SLOW mode.

a. Normal release mode (IMF = "0")
IDLE mode is released by any interrupt source
~ enabled by the individual interrupt enable flag
(EF) or an external interrupt 0 (INTO pin) request.
Execution resumes with the instruction following
the IDLE mode start instruction (e.g. [SET

Starting IDLE mode
by instruction

I
CPU, WDT are halted

e

Reset
No (high)
ll?;.l:szl mode ) ves

No

ves (Interrupt release mode)

Interrupt processing

—|

Execution of the
instruction which follows
the IDLE mode start
instruction

=

Figure 1-20. IDLE Mode

(SYSCR2).4]). Normally, IL {Interrupt Latch) of interrupt source to release IDLE mode must be

cleared by load instructions.

b. Interrupt release mode (IMF = "1")

IDLE mode is released and interrupt processing is started by any interrupt source enabled with
the individual interrupt enable flag {EF) or an external interrupt 0 (INTG pin) request. After the
interrupt is processed, the execution resumes from the instruction following the instruction

which started IDLE mode.
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IDLE mode can also be released by setting the RESET pin low, which immediately performs the reset
operation. After reset, the 87CH37/K37/M37 are placed in NORMAL mode.

started.

Note: When a watchdog timer interrupt is generated immediately before the IDLE mode is
started, the watchdog timer interrupt will be processed but IDLE mode will not be

(3) SLOW mode

SLOW mode is controlled by the system control register 2 and the timer/ counter 2.

a. Switching from NORMAL2 mode to SLOW mode

First, sat SYSCK (bit 5 in SYSCR2) to switch the main system clock to the low-frequency clock.
Next, clear XEN (bit 7 in SYSCR2) to turn off high-frequency oscillation.

When the low-frequency clock oscillation is unstable, wait until oscillation stabilizes before
performing the above operations. The timer / counter 2 (TC2) can conveniently be used to
confirm that low-frequency clock oscillation has stabilized.

Note : The high frequency clock can be continued oscillation in order to return to NORMAL2
mode from SLOW mode quickly. Always turn off oscillation of high frequency clock
when switching from SLOW mode to STOP mode.

Examplel
SET

CLR

Example2
LD

LDW

SET
LD

PINTTC2 :
SET
CLR
RET!

VINTTC2 :

Switching from NORMAL2 mode to SLOW mode.

(SYSCR2) .5 ; SYSCKe1 (Switches the main system clock to the
low-frequency clock)
(SYSCR2).7 ; XENe0 {turns off high-frequency oscillation)

Switching to SLOW mode after low-frequency clock oscillation has stabilized.

(TC2CR), 14H ; Sets TC2 mode
(timer mode, source clock : fs)
; Sets warming-up time

(according to Xtal characteristics)

(TREG2), 8000H

(EIRH). EF14 ; INTTC2 interrupt enable
(TC2CR), 34H ; Starts TC2

LD (TC2CR), 10H; StopsTC2
(SYSCR2).5 . SYSCKe

(SYSCR2) .7 ; XENeO

Dw PINTTC2 ; |INTTC2vectortable

b. Switching from SLOW made to NORMALZ made

First, set XEN (bit 7 in SYSCR2) to turn on the high-frequency oscillation. When time for
stabilization (warm-up) has been taken by the timer / counter 2 (TC2), clear SYSCK (bit 5 in
SYSCR2) to switch the main system clock to the high-frequency dock.
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Notel: After SYSCK is cleared, executing instructions is continued by low-frequency clock
while low-frequency clock and high-frequency clock synchronize each other.

High-frequency clock I I I I I | | I I | l I | I | I l ] | I I | l | l
Low-frequency clock | I | [
Main system clock ] l | | | I I | | I | I | |

SYSCK L

Note? : SLOW mode can also be released by setting the RESET pin low, which immediately
performs the reset operation. After reset, the 87CH37/CK37/M37 are placed in
NORMAL2 mode. (The 87PM37 is placed in NORMALT mode.)

Example : Switching from SLOW mode to NORMAL2 mode (fc =8 MHz, warming-up time is ——
about 7.9 ms).
SET  (SYSCR2).7 7 XEN«1 (turns on high-frequency oscillation)

LD {TC2CR), 10H ; Sets TC2 mode
(timer mode, source clock: fc)

LD (TREG2 + 1), OF8H ; Sets the warming-up time
(according to frequency and resonator
characteristics)

SET (EIRH). EF14 ; INTTC2 interrupt enable
LD (TC2CR), 30H ; Starts TC2
PINTTC2: LD  (TC2CR), 10H ; StopsTC2
CLR  (5YSCR2).5 ; SYSCKe-0 (Switches the main system clock to the
high-frequency clcok)
RETI
VINTTC2 : DW PINTTC2 i INTTC2 vector table

2.37.29
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1.9 Interrupt Controller
The 87CH37/K37/M37 has a total of 15 interrupt sources: 6 externals and 9 internals. Nested interrupt
control with priorities is also possible. Two of the internal sources are pseudo non-maskable interrupts;
the remainder are all maskable interrupts.
Interrupt latches (IL) that hold the interrupt requests are provided for interrupt sources. Each interrupt
vector is independent.
The interrupt latch is set to ”1” when an interrupt request is generated and requests the CPU to accept
the interrupt. The acceptance of maskable interrupts can be selectively enabled and disabled by the
program using the interrupt master enable flag (IMF) and the individual interrupt enable flags (EF).
When two or more interrupts are generated simultaneously, the interrupt is accepted in the highest
priority order as determined by the hardware. Figure 1-23 shows the interrupt controller.

Table 1-2. Interrupt Sources

Interrupt Source Enable Condition '"‘{Zr{é'hpt eﬁ?&;@? ' Priority

Ig;f;%ﬂf (Reset) Non-Maskable — FFFEy High ©

Internal |INTSW  (Software interrupt) Pseudo — FFFCx 1

Internal | INTWDT (Watchdog Timer interrupt) non-maskable iLy FFFAL 2 -
External [INTO {External interrupt 0) IMF=1, INTOEN =1 L3 FFF8y 3

Internal |INTTC1  {16-bit TC1 interrupt) IMF - EFg=1 g FFF6y 4 7
External [INT1 (External interrupt 2) IMF - EF5 =1 ILs FFF4y 5

Internal |INTTBT  (Time Base Timer interrupt) IMF + EFg = 1 ILg FEF2y 6

External |INT2 {External interrupt 2) IMF-EF7=1 Ly FFFOy 7

Internal | INTTC3  (8-bit TC3interrupt) IMF-EFg=1 ILg FFEEy 8

Internal |INTSB!  (Serial Bus interface interrupt) IMF - EFg =1 ILg FFECy 9

Internal |INTTC4  (8-bit TC4 interrupt) IMF - EFjg=1 g FFEAy 10

External | 1 ﬁi’ﬁgﬁ;i@g&igt‘rﬁ‘grﬁgg°‘e IMF + EFyy =1 L1y FFEBy, 11

External [INT4 ‘ (External interrupt 4} IMF - EFy2=1 1Ly FFE6Y 12

Internal |INTOSD (OSDinterrupt) IMF - EFy3=1 ILy3 FFE4y 13

Internal JINTTCZ (16-bit TC2 interrupt) IMF - EF1'4 =1 IL14 FFE2y 14

External |INTS (External interrupt 5) IMF - EFq5 =1 ILys FFEQy Low 15

{1} InterruptLlatches{iL 15102)
Interrupt latches are provided for each source, except for a software interrupt. The latchissetto *1”
when an interrupt request is generated, and requests the CPU to accept the interrupt. The latch is
cleared to "0” just after the interrupt is accepted. All interrupt latches are initialized to “0” during
reset. They must be cleared to “0” by software before enabling interrupt.
The interrupt latches are assigned to addresses 003Cy and 003Dy in the SFR. Each latch can be
cleared to “0” individually by an instruction; however, the read-modify-write instruction such as bit
manipulation or operation instructions cannot be used. Thus, interrupt requests can be cancelled
and initialized by the program. Don't clear the IL; for a watchdog timer interrupt to "0”. Note that
interruptlatches cannot be set to “1” by any instruction.
The contents of interrupt latches can be read out by an instruction. Therefore, testing interrupt
requests by software is possible.
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Example 1:Clearsinterrupt latches

LDW (1), 1110100000111111B ; Il1z, IL1gto ILge0

Example 2 : Reads interrupt latches

LD WA, (IL) ;o Welly, Aell

Example 3: Tests an interrupt latch

TEST  (IL).7
JR F,SSET

;  ifllz =1thenjump

(2) Interrupt Enable Register (EIR)
The interrupt enable registers {EIR) enable and disable the acceptance of interrupts except for the

pseudo non-maskable interrupts {software and watchdog timer interrupts). Pseudo non-maskable .

interrupts are accepted regardless of the contents of the EIR; however, the pseudo non-maskable
interrupts cannot be nested more than once at the same time. For example, the watchdog timer
interrupt is not accepted during the software interrupt service.

The EIR consists of an interrupt master enable flag {IMF) and individual interrupt enable flags (EF).
These registers are assigned to addresses 003AH and 003By in the SFR, and can be read and written
by an instruction (induding read-modify-write instructions such as bit manipulation instructions).

@ Interrupt Master enable Flag {(IMF)

The interrupt master enable flag (IMF} enables and disables the acceptance of all interrupts,
except for pseudo non-maskable interrupts. Clearing this flag to 0" disables the
acceptance of all maskable interrupts. Setting to “ 1" enables the acceptance of interrupts. -
When an interrupt is accepted, this flag is cleared to “0" to tempeorarily disable the
acceptance of maskable interrupts. After execution of the interrupt service program, this
flag is set to “1” by the maskable interrupt return instruction [RETI] to again enable the
acceptance of interrupts. If an interrupt request has already been occurred, interrupt
service starts immediately after execution of the [RETI] instruction.

Pseudo non-maskable interrupts are returned by the [RETN] instruction. In this case, the IMF
is set to “1” only when pseudo non-maskable interrupt service is started with interrupt
acceptance enabled (IMF = 1). Note that the IMF remains “0" when cleared by the interrupt
service program.

The IMF is assigned to bit 0 at address 003Ay in the SFR, and can be read and written by an
instruction. The IMF is normally set and cleared by the [El] and [D!] instructions, and the IMF
is initialized to "0” during reset.

Individual interrupt Enable Flags (EFq5to EFy)

These flags enable and disable the acceptance of individual maskable interrupts, except for
an external interrupt 0. Setting the corresponding bit of an individual interrupt enable flag
to “1” enables acceptance of an interrupt, setting the bit to "0” disables acceptance.

Example 1 : Sets EF forindividual interrupt enable, and sets IMF to “1”.

LDW  (EIR), 1110100010100001B ; EF¢sto EF13, EF11, EF7, EFs, IMF&e

Example 2 : Setsan individual interrupt enabie flagto “1".

SET  (EIRH).4 ;. EFj2¢1
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L 15 14 13 12 11 10 9 8 7 ] 5 ) 3
(003C, 003Dy) [iys P llig Sz Silap Dy g & ILg @ lig | My | ilg | Mg | Iy i flg

Fal
ILy (003Dy) JL_{003C)
{Initial Value : 00000000 000000*+)
(OOBAE.I(I;OBBH) I\EF15 T EFyq i EFq3 L EFyp | EFyq | EFpq : EFg . EFa/l\EFr i EFg [ EFs [ EFy | i i
EIRy (003By) EIR, (003A)

{Initial Value : 00000000 00Q0*x*()

Notel : Do not use any read-modify-write instruction such as bit manipulation for clearing IL.
Note2: Do notclearthell; to "0" by an instruction.
Note3: Do notset IMF to "1 ”during non-maskable interrupt service programs.

Figure 1-24. Interrupt Latch (iL) and Interrupt Enable Register (EIR)

1.9.1 Interrupt Sequence
An interrupt request is held until the interrupt is accepted or the interrupt latch is cleared to "0" by a
reset or an instruction. Interrupt acceptance sequence requires 8 machine cycles (4 s at fc=8 MHz in
NORMAL mode) after the completion of the current instruction execution. The interrupt service task
terminates upon execution of an interrupt return instruction [RETI] (for maskable interrupts) or [RETN]
(for pseudo non-maskable interrupts).

(1) interrupt acceptance processing is as follows:

@ The interrupt master enable flag {IMF) is cleared to “0” to temporarily disablie the
acceptance of any following maskable interrupts. When a non-maskable interrupt is
accepted, the acceptance of any following interrupts is temporarily disabled.

@ The interrupt latch (IL} for the interrupt source accepted is cleared to "0”.

@ The contents of the program counter {return address) and the program status word are
saved (pushed) onto the stack. The stack pointer is decremented 3 times.

@ The entry address of the interrupt service program is read from the vector table address, and
the entry address is loaded to the program counter.

® The instruction stored at the entry address of the interrupt service program is executed.

Interrupt service task

||S‘)|||||1|:|

1 machine cycte

e 0 | 1 1
|
I
|
1

mterrupt |
signal |

Interrupt (\
latch /'

1

1

T

IMF 1
1 Note2 \
'4.._.............’:
.

(nstruction
lexecution X i Interrupt acceptance ',T,'z::i':,‘,’,“ ﬁ\' RETI instruction execution

. OO —

Notel : 2 return address, b ; entry address, ¢ ; address when the RET! instruction is stored
NoteZ : The maximum response time from when an IL is set until an interrupt acceptance processing starts is
38/fe [s] or 38/Fs [s].

Figure 1-25. Timing Chart of Interrupt Acceptance and Interrupt Return Instruction

3-37-34

www.DataSheet4U.com



TOSHIBA MAINTENANCE TMP87CH37/K37/M37

Example : Correspandence between vector table address for INTTBT and the entry address of the
interrupt service program.

Vector table address Entry address
D203y,
D204y

A maskable interrupt is not accepted until the IMF is set to 1" even if a maskable interrupt of higher
priority than that of the current interrupt being serviced.

When nested interrupt service is necessary, the IMF is set to “1” in the interrupt service program. In this
case, acceptable interrupt sources are selectively enabled by the individual interrupt enable fiags.
However, an acceptance of external interrupt 0 cannot be disabled by the EF; therefare, if disablement is
necessary, either the external interrupt function of the INTO pin must be disabled with INTOEN in the
external interrupt control register (EINTCR) or interrupt processing must be avoided by the program.

FFF2y
FFF3y

Example 1 : Disables an externalinterrupt 0 using INTOEN: T
LD (EINTCR), 000G00008 ; INTOENeQ

Example 2 : Disables the processing of external interrupt 0 under the software control (using bit _
0 at address 00FQR as the interrupt processing disable switch):

PINTO: TEST  (OOFQH).D ; Returns without interrupt processing if (00F0R)g =1
JRS T, SINTD
RETI

SINTO : finterript processing.
RETI

VINTO: DW  PINTO

(2) Saving/Restoring General Purpose Regjisters
During interrupt acceptance processing, the program counter and the program status word are
automatically saved on the stack, but not the accumulator and other registers. These registers are saved
by the program if necessary. Also, when nesting multiple interrupt services, it is necessary to avoid using
the same data memory area for saving registers.
The following method is used to save / restore the general-purpose registers:

@ General-purpose register save / restore by register bank changeover:
General-purpose registers can be saved at high-speed by switching to a register bank that is
not in use. Normally, bank 0 is used for the main task and banks 1 to 15 are assigned to
interrupt service tasks. To increase the efficiency of data memory utilization, the same bank
is assigned for interrupt sources which are not nested.
The switched bank is automatically restared by executing an interrupt return instruction
[RETI} or [RETN]. Therefore, it is not necessary for a program to save the RBS.

Example : Register Bank Changeover
PINTxx : LD _RBS,n i Switches to bankn (1 s at 8 MHz)
interrupt processing

RETI ; Restores bank and Returns
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main task main task
acceptance of interrupt acceptance of interrupt
ﬂ:J.‘.’.‘fﬁT.’.‘.’.’.’.‘..... .._service task Interrupt o, _service task
™ R Switch to bank by \ saving
[LD RBS, n)or registers
time [ INC (GRBS} |
1 n instruction
..................... Restore bank
interrupt return
m pLretu automatically by \ restoring
[RETI}/ [RETN} \\ registers
instruction STRLLLELLLLLLLLL

(b) Saving/Restoring using push/ pop or data transfer

(a) Saving/Restoring by register bank changeover : ;
instructions

Figure 1-26. Saving/Restoring General-purpose Registers

@ General-purpose register save/restore using push and pop instructiens:
To save only a specific register, and when the same interrupt source occurs more than once,
the general-purpose registers can be saved / restored using push/pop instructions.

Example : Register save using push and pop instructions

PINTxx : PUSH WA ; Save WA register pair
PUSH HL _ ....i.SaveHLregister pair
! interrupt processing !
pob T = T o T estote il relister pair
POP WA . ; Restore WA register pair
RETI ; Return
................................................................................ Address (example)
SP —» 04384
e et I S I St 0439
............................. e R DY
............................. R e P
B e I e T B s I oasc
T T i I e 0430
....... PCH R g R PO
psw LW G e IO [
Atacceptance [y Mexeaion oy MEEMON ) emeptrenn
instruction instruction instruction

@ General-purpose registers save / restore using data transfer instruction:
Data transfer instructions can be used to save only a specific general-purpose register during
processing of a single interrupt.

Example : Saving/restoring a register using data transfer instructions

PINToc: LD (GSAVA) A SaveAregister
. interruptprocessing _ :
LD A, (GSAVA) ; Restore A register
RETI ; Return
3-37-36

www.DataSheet4U.com



TOSHIBA MAINTENANCE TMP87CH37/K37/M37

(3) Theinterrupt return instructions {RETI]/[RETN] perform the following operations.

[RETI] Maskable interrupt return [RETN] Non-maskable interrupt return

@ The contents of the program counter and the | The contents of the program counter and

program status word are restored from the program status word are restored from the
stack. stack.

@ The stack pointer is incremented 3 times. @ The stack pointer is incremented 3 times.

@ Theinterrupt master enable flagis setto "1”. @ The interrupt master enable flag is set to “1"

only when a non-maskable interrupt is
accepted in interrupt enable status. However,
the interrupt master enable flag remains at "0"
when so clear by an interrupt service program.

Interrupt requests are sampled during the final cycle of the instruction being executed. Thus, the next
interrupt can be accepted immediately after the interrupt return instruction is executed.

Note: When the interrupt processing time is longer than the interrupt request generation
time, the interrupt service task is performed but not the main task.

1.9.2 Software Interrupt (INTSW)
Executing the [SWI] instruction generates a software interrupt and immediately starts interrupt
processing (INTSW is highest prioritized interrupt). However, if processing of a non-maskable interruptis
already underway, executing the SWI instruction will not generate a software interrupt but will result in
the same operation as the [NOP] instruction. Thus, the [SWI] instruction behaves like the [NOP]
instruction.

Note : At the development tool, if processing of a non-maskable interrupt is already underway,
executing the SW! instruction will generate a software interrupt as a soft ware brake.

Use the [SWI] instruction anly for detection of the address error or for debugging.

@ Address Error Detection
FFy is read if for some cause such as noise the CPU attempts to fetch an instruction from a
non-existent memory address. Code FFy is the SWI instruction, so a software interrupt is
generated and an address error is detected. The address error detection range can be
further expanded by writing FFy to unused areas of the program memory. The address trap
reset is generated in case that an instruction is fetched from RAM or SFR areas.

Note : The fetch data from addresses 7F80y to 7FFFy {test ROM area) is not "FFy ™.

@ Debugging
Debugging efficiency can be increased by placing the Wl instruction at the software break
point setting address.

3-37-37
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1.9.3 External Interrupts
The 87CH37/K37/M37 each have six external interrupt inputs (INTO, INT1, INT2, INT3, INT4, and INT5).
Four of these are equipped with digital noise rejection circuits (pulse inputs of less than a certain time are
eliminated as noise). Edge selection is also possible with INT1,INT2, INT3 and INT4.
The TNTO / P10 pin can be configured as either an external interrupt input pin or an input/output port,
and is configured as an input port during reset.
Edge selection, noise rejection control except INT3 pin input and INTO / P10 pin function selection are
performed by the external interrupt control register (EINTCR). Edge selecting and noise rejection control
far INT3 pin input are preformed by the Remote control signal preprocessor control registers. {refer to
the section of the Remote control signal preprocessor.) When INTQEN =0, the ILz will not be set even if
the falling edge of INTO pin input is detected.

Table 1-3. External Interrupts

Note 2 :
Note 3:

seconda \ L
Source Pin function ;),fn Enable canditions Edge Digital noise rejection
INTO INTO P10 IMF=1, INTOEN=1 falling edge — (hysteresis input)
Pulses of less than 15/fc or 63/fc [s]
INT1 INT1 P11 IMF - EFg = 1 are eliminated as noise. Pulses equal
. to or more than 48/f¢ [s] or 192/fc [s]
falling edge .
or are regarded as signals.
. Pulses of less than 7/fc [s] are
ristng edge . .
INT2 INT2 P12/ 7C1 IME + EF- = 1 eliminated as noise. Pulses equal to
7= or more than 24/fc [s] are regarded
as signals.
falling edge,
INT3 INT3 P30/ RXIN IMF - EF;; = 1 r|5|r?g edg_;t? or |Refer to the section of the Remote
falling /rising | control preprocessor
edge
> Pulses of less than 7Mc¢ [s] are
falling edge liminated ise. pul It
INT4 INT4 P32 IMF - EFpy = 1 o eliminated as noise. Pulses equal to
. or more than 24/fc [s] are regarded
rising edge .
as signals.
INTS INT5 P20/STOP IMF - EFy5=1 falling edge
Note 1 : The noise rejection function is turned off in the SLOW and SLEEP modes. Also, the noise reject times are not

constant for puises input while transiting between operating modes (NORMAL2 < 5LOW)
The noise rejection function is also affected for timer/counter input (TC1 pin).
The pulse width (bath "H” and “L” levei} for input to the INTO and INTS pins must be over T machine cycle.

INTO/INTS input

tnTL tnTH > teye (Note & tcyc = 4ifm [s])

tiNTL YnTH
Noted : Ifa noiseless signal is input to the external interrupt pin in the NORMAL 1/2 or IDLE 1/2 mode, the maximum
time from the edge of input signal until the IL is set is as follows :
@ INT! pin 49/fc [s] (INTINC=1), 193/fc [s] (INTINC=0)
@ INT2,INT4 pins 25/fc [s] "
@ INT3 pin Refer to the section of the Remote control preprocessor.
Note 5: When high-impedance is specified for port output in stop mode, port input is forcibly fixed to fow level

internally. Thus, interrupt latches of external interrupt inputs except P20 (INT5/5TOP} which are also used as
ports may be set to "1”. To specify high-impedance for port output in stop mode, first disable interrupt
service (IMF=0) , activate stop mode. After releasing stop mode, clear interrupt latches using load

instruction, then, enable interrupt service.
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Example : Activating stop mode (TMP87CH37/K37/M37) :

LD  {SYSCRI), 010000008 ; OUTEN « 0 (specifies figh-impedance)
[} ; IMF « 0 (disables interrupt service)
SET  (SYSCR1), STOP ; STOP e« 1 {activates stap mode)
LOW (IL), 11700117010101118  ; [L12, 11, 7,5, 3 «O{clearsinterrupt latches)
£l ; IMF «1{enables interrupt service)
7 6 S5 4 3 2 1 9.
0057, | e | | 05 [ [ 5 [W2 [ | (itialvalue: 00+0 000-)
INTING | Noise reject time select 0 : Pulses of less than 63/f¢ [sec] are el!m!nated as no!se
1 : Pulses of less than 15/f¢ [sec] are eliminated as noise
—_— . . 0: P10 input/output port
INTOEN | P107INTO pin configuration 1 : INTO p?n (Port ;)1 0 SF;’IOUM be set to an input mode) ";:Ite
b4
:m; Eg INT4, INT2 and INT1 edge 0 : Rising edge
INT1 ES setect 1 : Falling edge

Notel: fc ; High-frequencyclock [Hz] =~ ; don’t care

Note2:  Edge detection during switching edge selection is invalid.

Note3:  Donotchange EINTCR when IMF = 1. After changing EINTCR, interrupt latches of external interrupt
inputs must be cleared to "0 using load instruction.

Noted: Inordertochange of external interrupt input by rewriting the contents of INT2ES and INT4ES during
NORMAL2 mode, clear interrupt latches of external interrupt inputs (INT2 and INT4) after 8
machine cycles from the time of rewriting. During SLOW mode, 3 machine cycles are required.

Note5: Inorderto change an edge of timer counter input by rewriting the contents of INT2ES during
NORMAL1/2 mode, rewrite the contents after timer counter is stopped (TC*s = 0), that is, interrupt
disable state. Then, clear a interrupt lach of external interrupt input {INT2) after 8 machine cycles
from the time of rewriting to change to interrupt enable state. Finally, start timer counter. During
SLOW mode, 3 machine cycies are required.

Exampie: When changing TC1 pininputs edge in external trigger timer mode from rising edge to falling edge.

LD {TC1CR),01001000B ;  TC1S « 04 (stops TC1)
DI ; IMF « 0 (disables interrupt service)
LD {EINTCR},00000100B ; INTZES < 1 (change edge selection)

T  wNop

8 machine to
cycles NOP
] LD {ILL},01111111B i IL7 « 0{clearsinterrupt latch)
EI ; IMF « 1 {enablesinterrupt service)
LD {TC1CR),011110008 ;. TC1S « 11 (staris TC1)
Note6:  lfchanging the contents of INTTES during NORMAL1/2 mode, interrupt latch of external interrupt

input INT1 must be cleared after 14 machine cycles (when INTINC = 1) or 50 machine cycles (when
INTINC =0) from the time of changing. During SLOW mode, 3 machine cycles are required.

Figure 1-27. External Interrupt Control Register
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1.10 Watchdog Timer (WDT)
The watchdog timer rapidiy detects the CPU malfunction such as endless looping caused by noise or the
like, and resumes the CPU to the normal state.
The watchdog timer signal for detecting malfunction can be selected either a reset output or a non-
maskable interrupt request. However, selection is possible only once after reset. At first the reset output

is selected.

When the watchdog timer is not being used for malfunction detection, it can be used as a timer to
generate an interrupt at fixed intervals.

1.10.1 Watchdog Timer Configuration

fer2® or {5125 —
fcr2? or fs2"? ——m
fe/2'? or fs/2"' —
fc2'7 or fs12° —>

MPX

Binary Counters

clock

overflow

o

oN®p
-

clear
S —

\N

enable

internal reset >

S R

WDTENﬁ
writing

WOTT r disable code

writing ¢lear
code

_J——)ﬂoutput
Ny i

reset release signal from 1.G.

|87

reset
output

—{>—reser

D interrupt

WDTOUT

Controll

er

0034H 003 5H

WDTCR1 WDTCR2

Watchdog Timer Control Registers

request . |\NTWDT

Figure 1-28. Watchdoyg Timer Configuration

1.10.2 Watchdog Timer Control
_ Figure 1-29 shows the watchdog timer control registers (WDTCR1, WDTCR2). The watchdog timer is

automatically enabled after reset.

(1) Malfunction detection methods using the watchdog timer
The CPU malfunction is detected as follows.
@ Setting the detection time, selecting output, and clearing the binary counter.
@ Repeatedly clearing the binary counter within the setting detection time.
If the CPU malfunction occurs for any cause, the watchdog timer output will become active at the
rising of an overflow from the binary counters unless the binary counters are cleared. At this time,
when WDTOUT =1, a reset is generated, which drives the RESET pin low to reset the internal
hardware and the external circuits. When WDTOUT =0, a watchdog timer interrupt (INTWDT) is

generated.

The watchdog timer temporarily stops counting in the STOP mode including warm-up or IDLE mode,
and automatically restarts (continues counting) when the STOP/IDLE mode is released.

3-37-40
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Example : Setsthe watchdog timer detection time to 221/fc [s] and resets the CPU malfunction.

LD (WDTCR2), 4EH ; Clearsthe binary counters
LD (WDTCR1), 00001101B ; WDTT<10, WDTOUT«1

~ LD (WDTCR2), 4EH  ; Clears the binary counters

Within WDT
detection time ;
= LD (WDTCR2), 4EH  ; Clearsthe binary counters

Within WDT
detection time

_ D (WDT:CRZ), 4EH Clears the binary counters

{always clear immediately after changing WDTT)

Watchdog Timer Control Register 1
6 ) '5‘_ 4 3 2 1 0

............................................ b2l BT i) (nitial value : x=++ 1001) —
Watchdog timer 0 : Disable (itis necessary to write the disable code to WDTCR2)
WODTEN f
enable/disable 1: Enable
00:2%Hc or 2"Hs fs] ] .
WOTT Watchdog timer 01:2%Hc or  2"s write
detection time 10:2%c or  2'fs only
11:2%fc or  2'Ws
WDTOUT Watchdog timer 0 : Interrupt request
output select 1 : Reset output

Note 1 . WODTOUT cannaot be set to ”1” by praogram after clearing WOTOUT to "0".
Note2 : fc ; High-frequencyclock[Hz] £ ; Low-frequencyclock [Hz] * ;don't care

Noted4:  Disable the watchdog timer or clear the counter just before switching to STOP mode.
When the counter is cleared just before switching to STOP mode, clear the counter again

subsequently to releasing STOP mode.

Watchdog Timer Control Register 2

Note3 : WOTCRI is a write-only register and must not be used with any of read-modify-write instructions.

7 6 5 4 3 2 1 ¢
v(\l’)?);gs)z | : § | {Initial value : *x*x xxxx)
. 4Eh . Watchdog timer binary counter ciear {clear code) ;
Watchdog timer contral , write
WDTCR2 code write register Bly ;. Watchdog timer disable (disable code) only
others : Invalid

Note 1 : The disable code is invalid unless written when WDTEN = 0.
Note2 : *, don'tcare

Figure 1-29. Watchdog Timer Control Registers

Table 1-4. Watchdog Timer Detection Time

Operating mode Detection time
NORMAL1 NORMAL2 SLOW Atfc=8 MHz Atfs=32.768 kHz
2%4f¢ (s} 28ffc, 2Vifs 2"Hs 4,194 5 45
28¢fc 2%fc, 2% 2" 1.048 5 s
2%/f¢ 27¢, 2%%fs —_— 262.1 ms 250 ms
2"Hc 2%fc, 2'fs —_ 65.5 ms 62.5 ms
3-37-41
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{2) Watchdog Timer Enable
The watchdog timer is enabled by setting WDTEN (bit 3 in WDTCR1) to “1". WDTEN is initialized to
“1* during reset, so the watchdog timer operates immediately after reset is released.

Example : Enableswatchdog timer
LD (WDTCR1), 000010008 ; WDTEN&1

{3) Watchdog Timer Disable
The watchdog timer is disabled by writing the disable code (B1y) to WDTCR2 after clearing WDTEN
(bit 3 in WDTCR1) to "0”. The watchdog timer is not disabled if this procedure is reversed and the
disable code is written to WDTCR2 before WDTEN is cleared to “0"”. The watchdog timer is halted
temporarily in STOP mode (including warm-up} and IDLE mode, and restarts automatically after
STOP or IDLE mode is released.
During disabling the watchdog timer, the binary counters are cleared to "0”.

Example : Disableswatchdog timer
LDW {(WDTCR1), 0B101H ; WDTEN«Q, WDTCR2<«disable code

1.10.3 Watchdog Timer Interrupt (INTWDT)
This is a pseudo non-maskable interrupt which can be accepted regardless of the contents of the EIR. If a
watchdog timer interrupt or a software interrupt is already accepted, however, the new watchdog timer
interrupt waits until the previous non-maskable interrupt processing is completed (the end of the [RETN]
instruction execution).
The stack pointer (5P} should be initialized before using the watchdog timer output as an interrupt
source with WDTOUT.

Example : Watchdog timerinterruptsetting up.
i LD SP, 043FH ; Setsthestack pointer
LD (WDTCR1), 000010008 ; WDTOUT&O0

1.10.4 Watchdog Timer Reset
if the watchdog timer output becomes active, a reset is generated, which drives the RESET pin (sink open
drain output with pull-up registor) low to reset the internal hardware and the external circuits. The reset
output time is 220/fc [s] (131 ms at fc=8 MHz). The high-frequency clock oscillator also turns on when a
watchdog timer reset is generated in SLOW mode.

2"%¢ [s]

2

r

Clock

7] 1L _[Tworr=1o
Binary counter 3 2

l
Xz)(3:)(o

IR
s

Qverflow
INTWDT interrupt JI
e et m e o o o o ¥
WODT reset output T {Hi-2) I("L" output)

writes 4Ey to WDTCR2

Figure 1-30. Watchdog Timer Interrupt/Reset
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1.11 Reset Circuit
The TLCS-870 series has four types of reset generation procedures: an externai reset input, an address-
trap-reset, a watchdog timer reset and a system-clock-reset. Table 1-5 shows on-chip hardware
initialization by reset action.
The internal source reset circuit (watchdog timer reset, address trap reset, and system clock reset) is not
initialized when power is turned on. Thus, output from the RESET pin may go low (220/fc {s} 131 ms at 8
MHz) when power isturned on.

Table 1-5. Initializing Internal Status by Reset Action

On-chip Hardware Initial Value On-chip Hardware Initial Value
Program counter (PO) (FFFFy) - {FFFEW) | Divider of Timing generator 0
Register bank selector (RBS) 0
Jump status flag U 1 Watchdog timer Enabie
Refer to I/0 port
Interrupt master enable flag (IMF) 0 Output latches of /O ports A e
(nterrupt individual enable flags  (EF) 0 curcultry
. Refer to each of
Interrupt latches {0 0 Control registers control register

1.11.1 External Reset input

When the RESET pin is held at low for at least 3 machine
cycles (12/fc [s]) with the power supply voltage within the
operating voltage range and oscillation stable, a reset is
applied and the internal state is initialized.

When the RESET pin input goes high, the reset operation
is released and the program execution starts at the vector
address stored at addresses FFFEy to FFFFH.

The RESET pin contains a Schmitt trigger (hysteresis) with
an internal pull-up resistor. A simple power-on-reset can Figure 1-31. Simple Power-on-Reset
be applied by connecting an external capacitor and a Circuitry

diode.

B 9097249 003b574 185 WM
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1.11.2 Address-Trap-Reset
If the CPU malfunction occurs and an attempt is made to fetch an instruction from the RAM or the SFR
area, an address-trap-reset will be generated. Then, the RESET pin output will go low. The reset time is
220/f¢ [s] (131 ms at 8 MHz).

r
Execution P a eset ( reset release xinstruction ataddress
] 1
. H !
e Address-trap is occurred [ P,
RESET output '| {(“L" output) J(Hi-z) i |
: )] i i '
] 1 ! ]
1 1 1 ]
! - :
' 224c [5] i i 2%fc '
to
e
Note 1. 0= a= 043Fy (87CH37IK37IM37})
Note 2. During reset release, reset vector “r” is read out, and an instruction at address r is fetched and decoded.

Figure 1-32. Address-Trap-Reset

1.11.3 Watchdog Timer Reset
Refer to Section “1.10 Watchdog Timer”.

1.11.4 System-Clock-Reset
Clearing both XEN and XTEN (bits 7 and 6 in SYSCR2) to “0” stops both high-frequency and low-
frequency oscillation, and causes the MCU to deadlock. This can be prevented by automatically
generating a reset signal whenever XEN=XTEN =0 is detected to continue the oscillation. Then, the
RESET pin output goes low from high-impedance. The reset time is 220/f¢ [s] (131 ms at 8 MHz).
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2. ON-CHIP PERIPHERALS FUNCTIONS

2.1 Special Function Registers (SFR) and Data Buffer Registers (DBR)
The TLCS-870 Series uses the memory mapped /O system, and all peripheral control and data transfers
are performed through the special function registers (SFR) and data buffer registers (DBR).
The SFR are mapped to addresses 0000y to 003 Fh, and the DBR to addresses 0F80y to OFFF.
Figure 2-1 shows the 87CH37/K37/M37 SFRs and DBRs,

Address

Read Write Address

PO port

TREGA (Timer register
e ereree | TCACR{TCA control)
reserved

reserved

Address

0020y
21
22
23
24
25
26
27
28
29
2A
28
2C
2D
2E

Read Write

reserved

PSW (Program status word) RB3 (Register bank selector}

reserved

. JEINTCR{Ext

{System control) ' -+

{(a) Special Function Registers
Read Write

OF80y

0F24
95
96

9A

OF9B

reserved T

(b) DataBuffer Registers

Note ! :

Note2 :
Note 3 :

Notedqd :

Note5 :

Do not access reserved areas by the
program.

- . Cannot be accessed.

When defining address 003Fy with
assembler symbols, use GPSW and GRBS.
Write-only registers and interrupt
latches cannot use the read-madify-
write instructions {(bit manipulation
instructions such as SET, CLR, etc. and
fogical operation instructions such as
AND, OR, etc.)

581 : Serial Bus Interface

PWM : Puise Width Modulation

08D : On Screen Display

Remo-con : Rermote controlf

Figure 2-1. SFR & DBR
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2.2 /O Ports

The 87CH37/K37/M37 each have 8 parallel input/output ports (56 pins) each as follows:

Primary Function Secondary Functions

Port PO 8-bit /O port -

Port P1 8-bit VO port external interrupt input, timer / counter input/ output, and
divider output

Port P2 3-bit VO port low-frequency resonator connections, external interrupt
input, and STOP mode release signal input

Port P3 8-bit I/O port external interrupt input, remote control signaf input,
timer/counter input, and serial bus interface input/output

Port P4 8-bit 110 port pulse width modulation output

Port P5 8-bit 110 port pulse width modulation output, pulse output, and
comparator input

PortP6 8-bit /O port R, G, B and Y/BL output from OSD circuitry

Port P7 5-hit1/O port horizontal synchronous pulse input and vertical synchronous
pulse input to OSD circuitry

fach output port contains a latch, which holds the output data. All input ports do not have latches, so
the external input data should either be held externally until read or reading should be performed
several times before processing. Figure 2-2 shows input/output timing examples.

External data is read from an /O port in the $1 state of the read cycle during execution of the read
instruction. This timing can not be recognized from outside, so that transient input such as chattering
must be processed by the program.

Output data changes in the S2 state of the write cycle during execution of the instruction which writes to
an /0 port.

’ fetch cycle | fetch cycle : read cycle . fetch cycle ' fetch cycle . write cycie

oy 1 -

) ) 1 1 L) = 1 -
Instruction ___50 51 52 152 S0 S15253 ___ Instruction___50 §1 52 53 50 51 S2 $3 50 S 52 33
execuctylglg__ 3 1 E¥ llD AI' (X) 1 1 L i 1 —— execuctylzg__ 1 A E)lc LID (F)'$ 1 1 1 1 1 -

Input strobe -~ - r—l - ——.  Outputlatch__ I_'l

Pl pulse s
Datainput_ 77 ... Pawouteut_ old X_new
{a) tnputTiming (b} OutputTiming

Note: The pasitions of the read and write cycles may vary, depending on the instruction.

Figure 2-2. Input/Qutput Timing {Example)

When reading an /O port except programmable /O ports, whether the pin input data or the output latch
contents are read depends on the instructions, as shown below:

(1) Instructions that read the output latch contents

D XCH r, (src) ® LD {pp).b, CF
@ CLR/SET/CPL  (src).b ® ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), n
@ CLR/SET/CPL  {pp).g @ (src¢) side of ADD/ADDC/SUB/SUBB/AND/OR/XOR
(src}, (HL)
@ LD (src).b, CF
3-37-46

www.DataSheet4U.com



TOSHIBA MAINTENANCE TMP87CH37/K37/M37

(2} Instructions thatread the pin input data
@ Instructions ather than the above (1)
@ (HL) side of ADD/ADDC/SUB/SUBB/AND/OR/XOR (sre), (HL)

2.21 Port PO (P07 to POO)
Port PO is an 8-bit general-purpose input/output port which can be configured as either an input or an
outputin one-bit unit under software control. Input/output mode is specified by the corresponding bit
in the port PO input / output control register (POCR). Port PO is configured as an input if its corresponding
POCR bitis cleared to "0”, and as an output if its corresponding POCR bit is set to 1",
During reset, POCR is initialized to "0“, which configures port PO as input. The PO output latches are also
initialized to "0”. Data is written into the output latch regardless of the POCR contents. Therefore initial
output data should be written into the output latch before setting POCR.
Note: Inputmode portisread the state of input pin.
When input/output mode is used to mixed, the contents of input mode port may be changed by
executing bit manipulation instructions.

OUTEN
PQCRi )L
data input '

~J

dataoutput ———'p Q |— jr\/ - D POi

output latch ]
Note:i=7to0

7 b 5 4 3 2 1 0

PO : : : ; : : ; -, .
(0000,) l PO7 : P06 : POS5 : P04 : PO3 : P02 : POT P001 {Initial value : QGO0 000Q)
7 6 5 ) 3 2 1 0
POCR : . : : : : » q
(000AL) I l (Initial value: GO0 0000)
POCR | 4O control for port PO 0 : input mode Write
1 : output mode only

Figure 2-3. Port PC and POCR

Example : Setting the upper 4 bits of port PO asan input port and the lower 4 bits as an output
port {Initial output data are 1010g).
LD (P0),00001010B  ; Setsinitial data to PO autput tatches
LD (POCR), Q00011118 ; Setsthe port PO input/output mode
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2.2.2

Port P1 (P17 to P10) .

Port P1 is an 8-bit input / output port which can be configured as an input or an output in ane-bit unit
under software control. Input / output mode is specified by the corresponding bit in the port P1 input /
output control register (P1CR). Port P1 is configured as an input if its corresponding P1CR bit is cleared to
“0" and as an output if its corresponding P1CR bit is set to “1”. During reset, P1CR is initialized to “0",
which configures port P1 as an input. The P1 output latches are aiso initialized to “0".

Data is written into the output latch regardless of the P1CR contents. Therfore initial output data should
be written into the output latch before setting P1CR. Port P1 s also used as an external interrupt input, a
timer/counter input, and a divider output. When used as a secondary function pin, the input pins should
be set to the input mode, and the output pins should be set to the output mode and beforehand the

output latch should be set to

M-llr.

It is recommended that pins P11 and P12 should be used as external interrupt inputs,timer / counter
‘input, or input ports. The interrupt latch is set on the rising or falling edge of the output when used as
output ports.

Pin P10 (INTG) can be configured as either an I/O port or an external interrupt input with INTOEN (bit 6 in
EINTCR). During reset, pin P10 (INT0) is configured as an input port P10.

STCOP
ooren =
P1CRi 'ﬁ
~

datainput -

data output

i
output latch

control output —s—————

control input -
Note:@i=7to0

7 6 ) 4 3 2 1 0

P P17 P16 i P1S | P14 P13 [ P12 D P11 : P10
(00014 : ' 7c2 | PPG DVO | '{,\'m L |NT1 | INTO | (Initial value: 0000 0000)
7 6 5 4 3 2 1 ¢]
PICR - - ; ; - - - ” ]
(000By,) | : : : : ; : : | (initial value: 0000 0000)
0 : Input mode Write
PICR /O control for port P1 1 : Outputmode only
Figure 2-4. PortP1and PICR
Example : SetsP17,P16 and P14 as output ports, P13 and P11 as input ports, and the others as
function pins. Internal output data is “1* for the P17 and P14 pins, and "0" for the
P16 pin.
LD (EINTCR}, 010000008 ; INTOENe
LB (P1),10111111B ;. P17«1, P14<1, P16<0
LD (P1CR), 110100008
Note: Input mode portis read the state of input pin.

When input/ output mode is used to mixed, the contents of input mode port may be changed by
executing bit manipulation instructions.

3-37-48

www.DataSheet4U.com



TOSHIBA MAINTENANCE TMP87CH37/K37/M37

2.2.3 Port P2 (P22 to P20)

Port P2is a 3-bitinput/output port. it | set/cLr/cPLjothers — e CMP / MCMP / TEST / others
is also used as an external interrupt |pata input {
input, a STOP mode release signal L<

input, and as low-frequency crystal output lateh
connection pins. When used as an (0212 0utput > Q]
input port, or a secondary function Contr.OI'npUt :]_(|
pin, the output latch should be set to Datainput ]_< N
“1". During reset , the output latches T
are initialized to “1”. Data output o o [: — L'__] P21 {XTiN)
Alow-frequency crystal (32.768 kHz) is

|

. [ 7] P20 TS /5TOP)

QOsc. enable

'
<
A

connected to pins P21 (XTIN) and p22 |Patainput ‘_QP_«:}

(XTOUT) in the dual-clock mode. In

the single-clock mode, pins P21 and [, output —{0 ok ll: D P22 (XTOUT)
P22 can be used as normal —

input/output ports. P

Itis recommended that pin P20 should | $70P :Dc Note: * :don‘tare o
.be used as an external interrupt input,

a STOP mode release signal input, or XTEN

an input port. If used as an output| ro8LaLa 3.2 1 o
port, the interrupt latch is set on the P2 : : : P22 i P21 P20
falling edge of the P20 output pulse, (0002,) : xTOUT;E XTIN %ﬁ
When a read instruction for port P2is| e (mmalvalue weer 21113
executed, bits 7 to 3 in P2 are read in

as undefined data. Figure 2-5. Port P2

2.2.4 PortP3 (P37 to P30)
Port P3 is an 8-bit input / output port, and is also used as serial bus interface input / output, an exrernal
interrupt input a timer / counter input, and Remote-control signal input. When used as an input port ar
a secondary function pin, the output latch should be set to “1”. The output latches are initiatized to “1”
during reset.

Example 1: Outputs an immediate data 5Ay Control input ,
to port P3 CMPIMCMP/TES%
LD (P3),5AH  ; P3«5Ay Datainput
SET/CLR/CPL/others
Example 2. Inverts the output of the lower —
4bits (P33 to P30} in port P3. Data output 0 0 P3i
XOR  (P3),00001111B ; Qutput latch
P33 to P30«P33 to P30 Control output

STOP —‘ ) Hi-Z control
QUTEN —=<

Note: i=7to0
7 6 5 4 3 2 1 0

I(:OBOOBH) P37 © P36 | P35 | P34 | P33 P32 | P31 | P30
{3TR (SDA L SCL [ 1ca N4l TC3 INT3
(tnitial value 1111 1111)
Figure 2-6. PortP3
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225

Port P4 (P47 to P40)
Port P4 is an 8-bit input / output port which can be configured as an input or an outputin oane-bit unit
under software control. Input / output mode is specified by the corresponding bit in the port P4
input/output control register (PACR). Port P4 is configured as an input if its cotresponding PACR bit is
cleared to “0”, and as an output if its corresponding PACR bit is set to “1”. During reset, PACR is

initialized to "0", which configures port P4 as an input . The P4 gutput latches are also initialized to
ll1 M.

Data is written into the output latch regardless of the
PACR contents. Therfore initial output data should be 031{38 @P
written into the output latch before setting PACR. Port PACRI

P4 is also used as a pulse width modulation (PWM) | patainput

output. When used as a PWM output pin, the output
pins should be set to the output mode and beforehand
the output latch should be set to “1”.

Note: Input mode port is read the state of input pin. |} Data output_"l b Q
When input / output mode is used to mixed, the
contents of input mode port may be changed by
executing bit manipulation instructions.

output latch Pdi
PWMT ™

P4

7.6.5A4.3.2.1.0 Note: i=7to0
PA7 : PA6 i P45 : P44 : P43 i P42 i P41 : PAO

(0004,) |PWHIT | PWAIE : PWS | PN | PWIRAS | Pz | Pwiv £ Pwiv | (Initial value s 1111 1111)

7 6 5 4 3 2 1
PACR | : : ' : : ] (nitiat value : - 0000 0000)
(000CyH)
PACR I#O control for port P4 0 : input mode write
1 : output mode only
Figure 2-7. Port P4 and PACR
2.2.6 PortP5(P57 to P50)

Port P5 is an 8-bit input / output port, and is also used as comparator input, a pulse output, and a pulse
width modulation (PWM) output. When used as an input port or a secondary function pin, the output
latch should be set to "1”. The outputlatches are initialized to "1 during reset.

CMP /MCMP/TEST / others CMP/MCMP / TEST / others
Data input ’ < /\]—‘ Data input -
SET/CLR/CPL/others SET/CLR/CPL /others
Data output D Q | [>—<>—DP5'! Data output P5;

Qutputlatch Output latch

Control output

STOP _—0[3 Hi-Z contrel | STOP :D Hi-Z control
QUTEN QUTEN

CINj
! {a) P57 to P54 Note: i=7to4,j=3t00 {b) P53 to P50
7 6 5 4 3 2 1 0
ps PS7 P56 P55 P54 P53 i PS2 : P51 P50
{00054) | CIN3 CIN2 CIN1 ;cmo; WW FWM—s (Initial value: 1111 1111)

Figure 2-8. PortP5
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2.2.7 PortP6 (P67 to P60)
Port P6 is an 8-bit input / output port which can be configured as an input or an output in one-bit unit
under saftware control. Input or output mode is selected by the corresponding bit in the input/output
control register (P6CR). For example, port P6 is configured as an input if its corresponding P6CR bit is
cleared to "0”, and as an output if its corresponding bit is set to “1”. During reset, P6CR is initialized to
0", which configures port P6 as an input. The P6 output latches are slao initialized to 1.
Data is written into the output latch regardless of the P6CR contents. Therefore initial output data
should be written into the output latch before setting P6CR. Pins P63 to P60 are available high current
output, so LEDs can be driven directly.
Port P6 is also used as an on screen display (OSD) output (R, G, B, and Y/BL signal). When used as an OSD
output pin, the OSD output pins should be set to the output mode and beforehand the port Pb data
selection register (P67DS to P64DS) should be set to "17.

Note: Input mode port is read the state of input pin.
When input/ output mode is used to mixed, the contents of input mode port may be changed by
executing bit manipulation instructions.

T D) o Ty
PECRI P6CR]
p 1

Datainput =< ’ ~J Datainput “J

Data output m A Y P6i  Data output ||D Q— L DPBj
Outputlatchl—> B Output latch
R,G. 8, Y/BL Note: i=7tod Note:j=3taQ
P6iDS
{(a) P67toP6a {b) P63 to P60
7 6 5 4 3 2 1 0
Pe : : z : : : i it
(00064 P67 : P66 : P65 : Pb4 P63 P62 P61 : P&Q (Initial value 1111 $111)

BL: B | G IR

7 6 S 4 3 2 1 0

(chfoRD; L : : : : : ] (Initial value 0000 0000)
H

0 : Input mode write

1 | f
P6CR /O control for port P6 1: Cutput mode onty

Port P6 data selection register (P67DS to PB4DS)
7 6 5 4 3 2 1 0
(0F914) UG?DS : P66DS P6sDS P64DS | (EFR12) (EFR11) (EFR10Q) (EFR9) ] {Initiai value 0000 000Q)

0:Port Pén output latch write

P&nDS Selection of the output data for port Pén 1 :the OSD output (R, G, B, Y/BL) only

Notel :n=7to4
NoteZ : P6CR, P67DS5 to P64DS is write-only-register and must not be used with any of read-modify-write
instructions.

Figure 2-9. Port PG, P6CR, and P&67DS to P64DS

Note: Input mode port is read the state of input pin. When input ! output mode is used to mixed, the
contents of output latch setting input mode may be changed by executing bit manipulation
instructions. ’
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Example : Set the lower 4 bit in port P6 (P63 to P60) to the output port and set the other to the input

port.
1D {P6CR), OFH ; P6CR<0000 11118

2.2.8 PortP7 (P74 to P70)
Port P7 is a 5-bit input / output port, and is also used as a vertical synchronous signal (VD) input and a
horizonta! synchronous signal (HD) input far the on screen display (OSD) circuitry.
The output latches are initialized to “1" during reset. When used as an input port or a secondary
function pin, the output latch should be setto “1".
When a read instruction for port P7 is executed, bits 7to 5in P7 are read in as undefined data.

CMP / MCMP / TEST / others

Datainput -
SET/CLR/CPL Jothers

Data output—@ - > . DP?i

Output latch

STOP ﬂ
OUTEN

— Note - i=41a0, »;don'tcare

HD, VD
7 6 5 4 3 2 0
b7 : : : P74 i P73 | P72 | P71 : P70
(00074) VD i HD [(initial value: s++1 1111}

Figure 2-10. Port P7

2.3 Time Base Timer (TBT)
The time base timer generates time base for key scanning, dynamic displaying, etc. It also provides a time
base timer interrupt {INTTBT). The time base timer is controlled by a control register {TBTCR) shown in
Figure 2-12.
An INTTBT is generated on the first rising edge of source clock (the divider output of the timing
generator) after the time base timer has been enabled. The divider is not cleared by the program;
therefore, only the first interrupt may be generated ahead of the set interrupt period.
The interrupt frequency (TBTCK) must be selected with the time base timer disabled (When the time
base timer is changed from enabling to disabling, the interrupt frequency can’t be changed.) (both
frequency selection and enabling can be performed simultaneously).

1120
TBTEN I l t2= 1 machine cycle
e e -
& : t2
Example : Setsthetime base timer frequency to fc/216 [Hz] and enables an INTTBT interrupt.

LD (TBTCR), 000010108
SET (EIRL) . &
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MPX
INTTBT
f28 or 5215 > A interrupt
fr22! or fs2'2 >—{B request
Igglz or ;5/22 )>:([; source clock — _T
or fsf2 Y i3ing
fclz:; or fs/2: >;E H edge source clock | | I I | '
fo/2 or fs/2 F detector : : :
fa2"' or /23 > G TBTEN :
f2®  or fs2  >—{Hs — :
1 H : M
3L t
TBTCK TBTEN INTTBT : n<—_.._J] "—
. ; ;

Interrupt

[__merce | EnableTeT  period

Time Base Timer Control Register

(@) Configuration (b} Time Base Timer Interrupt

Figure 2-11. Time Base Timer

7 6 5 4 3 2 1 0

2;)801'3%:) I(ovum) I (DVOCK) |(nv7cm | TBTEN | L TBTCK | I {(Initial value : Qxx(Q Qxx+)
Time base timer 0 : Disable
TBTEN
enable/disable 1 : Enable
000 : far28? or 5213 [Hg)
001 : fc/22) or fs/21? .
010 : /26 or f5/28 Z‘:I';e
TeTck | Time base timer interrupt 011 : fd2:4 or f5/25
frequency select 100 : f/2'? or fs/2°
101 : §¢/272% or f5/2*
110 = o2t or f523
11 : fa2? or fs2
Notel :  fc, High-frequency clock [Hz], fs; Low-frequency clock {Hz], *,; don’t care
Note2:  TBTCRis a write-only register and must not be used with any of read-modify-write
instructions.
Figure 2-12. Time Base Timer and Divider Qutput Controi Register
a d
Table 2-1. Time Base Timer Interrupt Frequency
NORMAL1/2, IDLE1/2 mode interrupt Frequency
TBTCK SLOW, SLEEP mode
DVICK =90 DV7CK =1 Atfc=8MHz Atfs=32.768 kHz
000 fu2? fs/2%3 fsr21° 0.95 Hz i Hz
001 22! fsr2'3 for213 3.81 ‘ 4
010 f¢/216 fo/28 - 12207 128
01 fo2'4 {5726 - 488.28 512
100 fo2'd fs/2° - 976.56 1024
101 fes212 fs/24 ‘ - 1953.12 2048
110 fa2! fs/23 - 3906.25 4096
11 fe2? f5/2 - 15625 16384
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2.4 Divider Output (DVO)

A 50 % duty pulse can be output using the divider output circuit, which is useful for a piezo-electric
buzzer drive. Divider output is from pin P13 (DVO). The P13 output latch should be setto "1” and then

the P13 should be configured as an output.
The divider output circuit is controlled by the control register (TBTCR} shown in Figure 2-13.

Note that TBTCR is a write-only register.

7

6 5 4

3 2

1

TBTCR [ o]

DVQCK l {DViCK) I (TBTCN) l

{TBTCK),

(00364}

{Initial value :  Qx=0 Ox+x)

DVOEN

Divider output enable/disable

0 : Disable
1 : Enable

DVOCK

Divider output (DVO)
frequency selection

00 :
01
10
1

for213

: fg2i?

fe2V

{210

or fs/2° [Hz]
or fs2°
or fu23
or fs/22

Write
only

Note 1:
Note 2 :

instructions such as SET, CLR, etc.

fc; High-fraquency clock [Hz], fs; Low-frequency clock [Hz], * ; don’tcare
TBTCR is write-only register and must not be used with any of the read-modify-write

Example :

SET
LD
LD

Figure 2-13. Divider Output Control Register

{P1).3

1 kHz pulse output (at fc =8 MHz)

{P1CR), 000010008
{TBTCR), 100000008

; P13 output latch «1

T

; DVOEN«1, DVOCK«00

; Configures P13 as an output

Table 2-2. Frequency of Divider Qutput

DVOCK Frequency of Atfc=8MHz | Atfs=32.768 kHz
Divider Qutput
00 f2% o f5/2° 0.976 {kHz] 1.024 (kHz]
01 fer2" fs/2' 1.953 2.048
10 fer2" fa2? 3.906 4.096
11 fe/2® /2 7.812 8.192

fo213 orfs/25 > a
fu212 or fs/24 > 8
fe2\Vorfef23 >—jc Y
fef210 or fgf22 > D

output latch

DVOCK

Divider output control register

output enable

DVOEN

(a) Configuration

DVOEN

DVO pin

P13 output [atch_]

L

S

(b} Timing Chart

Figure 2-14. Divider Qutput

B 9097249 003bL585 ThO W
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16-bit Timer / Counter 1 (TC1)

2.5.1 Configuration

2.5

| J91uUno/iawl] "GL-7 a4inbnyg

bddL

13X XdW
103esedwo) 1w
1833
ud 9dd 185
DloA_l o]
9|660y
| /38w

3QO43s UM
HES LY Tgioadl Hgio3ul 6
k! x 1215164 [013U0D | RAUNCILAWIN
aqoss viD3Yl "YI93dL
SHIMYILIL .« é HILIL
|osu0d
1338p yRnew
BT a1 ‘vi sias1Bas sawn ng-g¢ WILOL
LdVIS
a|bboz v1934l1 8LO38L }
aanydea
19531 H_ s _,\_ .(_
| v 8
spow vl@l 128 ° 2 A _
1ndine o4dq XdW
3POW MOPUIM 4
= - | :
ysrew r
_ 3 _Iw 5 €2}
spow APOPL gy AR L iTh
waweINseaw 1swnordn ug-g| A ; v €253 10 (23}
yipim asind les)y Q |e— . ﬂ wd DL
KdW XdIN
m Y|
Q_UIA Xawj 8, Vs s3zuNI
113N f
_ 1033333p 2bpa
Buisu Bul||e,
1e3|dq] — g
B apow
1BUDIS IR SLDL Guawanseaw
IOAIO 1954 ! I_l_ Iﬁ_ {api asind
apow tOddN X3
NdIN0 B4 els puewwod E Xdin
8 7
s 131N Al.mm A
SLoL v
S
LdWIN
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2.5.2 Control

The timer / counter 1 is controlled by a timer / counter 1 control register (TC1CR) and two 16-bit timer
registers (TREG1A and TREG1B). Resetdoes not affect TREG1A and TREG1B.

TREGIA 15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
{0010, 001 1H)| ! TREG1A} (00114 ) | L 1 TREGIA, (00100) . |
Write only
TREG1B
(0012, 0013 TREG1By (0013p) | : | . ,__TREG1B (00121} \ |
Read / Write (Write availablein only
7 6 5 4 3 2 1 0 PPG putput mode)
SCAP1
TC1CR i
(OCD 1C4H) TFF1 "‘\/'ni‘;:: TC1S TC1CK TC1M (Initia! value : G000 DOCO)
MPPG1 { | |
00: timer/external trigger timer / event counter mode
’ TCIM TC1 01: window mode .
mode select 10: pulse width measurement mode
11: PPGoutput mode
00: internal clock fc/2"'  or fs/2'  [Hz]
TCICK TC1 01: internal clock fo/2’
) source clock select 10 : interna! clock fo/2?
11: external clack (TC1 pininput)
00: stop & counter clear
TC1 01: command start .
TC1
3 start control 10: reserved VZ;'Ite
11: external trigger start Y
.SCAP1 | software capture control | | R T ) 3, SOTtware capture trigger (Note 3)
pulse width measurement .
MCAP1 1 : double edge capture '1: single edge capture
................... AOAANAL L IATDSNAQTZLL L OO s
METT1 | external trigger timer 0 : trigger srart 1: triggerstart & stop
................... O Ol oo Do et s e et e e
MPPG1 | PPG output control 0 : cotinuous pulse 1: singte pulse
TFF1 timer F/F1 control for PPG 0: clear 1: set
output mode
Note 1: fc; High-frequency clock [Hz], fs: Low-frequency clock [Hz]
Nate2: Writing to the low-byte of the timer registers (TREG1A;, TREG1B,), the comparisan is inhibited
until the high-byte (TREG 1Ay, TREG18By} is written.
Note 3: Set the mode, source clock, edge, PPG control and timer FIF control when TCT stops (TC1S =00}
Note 4 : Software capture can be used in only timer and event counter mades.
Note5: Values to be loaded to timer registers must satisfy the following condition.
TREG1A>TREG1B>0 (PPG output mode) ; TREGIA> 0 {others)
Note 6 : Always write "0“ to TFF1 except the PPG output mode.
Note 7 : TCICR is a write-only register, which cannot access any of in read-modify-write instruction such
as bit operate, etc.
Note 8 : TREG1B cannot be written after setting to PPG output mode.

Figure 2-16. Timer Registers and TCt Control Register
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2.5.3 Function

Timer/counter 1 has six operating modes: timer, external trigger timer, event counter, window, pulse
width measurement, programmable pulse generator output mode.

(1) Timer Mode
In this mode, counting up is performed using the internal clock. The contents of TREG1A are
compared with the contents of up-counter. If a match is found, an INTTC1 interrupt is generated,
and the counter is cleared to”0”. Counting up resumes after the counter is cleared. The current
contents of up-counter can be transferred to TREG1B by setting SCAP1 {bit 6 in TC1CR) to 1"
(software capture function). SCAP1 is automatically cleared after capturing.

Table 2-3. Timer/Counter 1 Source Clock (Internal Clock)

Source clock Resclution Maximum time setting
NCRMAL1/2, IDLE1/2 modes
SLOW, SLEEP modes _ _ _ -

DVICK = 0 DVTCK = 1 Atfc=8MHz |Atfs=32.768kHz | Atfc=8MHz | At fs=32.768 kHz
fo/2° [Hz] /23 [Hz] - 1 45 - 65.5 ms -

for2? for2’ - 16 s - 1.0 s -

fer2" for2? fs/2® [Hz] 256 us 24414 us 16.7 s 16.0 s

Example 1 : Sets the timer mode with source clock fs/23[Hz] and generates an interrupt 1 [s]

iater (at fs = 32.768 kHz).
LD (TC1CR), 00000000B ; Setsthe TC1mode and source clock
LDW (TREG1A), 1000H ; Setsthe timerregister (15+23/f5=1000y)
SET (EIRL), EF4 ;. Enable INTTC1 interrupt
El
LD (TC1CR), 000100008 ; Starts TC1

Example2 : Software capture
LD (TC1CR), 010100008 ; SCAP1&1 (Captures)
LD WA, (TREG1B) ; Reads captured value
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Command start

Source clock |||:I]II|I|I|I|IIII|IIIllI||||II||||I
]
]

Up-counter n-t
1)
TREG1A : X n
i Match Counter
INTTC1 interrupt i detect IP clear
(a) Timer

N I T I I B A
speomer Wz o X Wmeo Xms XX X X X

capture capture

TREG1B | X m B
SCAP 1 ﬂ n

(b) Software Capture

Figure 2-17. Timer Mode Timing Chart

(2) External Trigger Timer mode

In this mode, counting up is started by an external trigger. This trigger is the edge of the TC1 pin
input. Either the rising or falling edge can be selected with INT2ES. Edge selection is the same as for
the external interrupt input INT2 pin. Source clock is used an internal clock selected with TC1CK. The
contents of TREG1A is compared with the contents of up-counter. if a match is found, an INTTC1
interrupt is generated, and the counter is cleared to”0” and halted. The counter is restarted by the
selected edge of the TC1 pin input.

The TC1 pin input has the same noise rejection as the INT2 pin; therefore, pulses of 7/fc [s] or less are
rejected as noise. A pulse width of 24/fc [s] or more is required for edge detection in NORMAL1/2 or
IDLE1/2 mode. The noise rejection circuit is turned off in SLOW and SLEEP modes. But, a pulse width
of 4/fs [s} or more is required.

Example 1:  Detects rising edge (in TC1 pin input) and generates an interrupt 100 us later.
(at fc =8 MHz)
LD (EINTCR), 00000000B ; INT2ES«0 (rising edge)

LDW (TREG1A), 0064H ; 100 us = 23/fc =644
SET (EIRL}. EF4 ; Enables INTTC1
E!

LD (TC1CR), 001110008 ; Starts TC1 with an external trigger, METT =0

Example2: Generates an interrupt, inputting “L” level pulse (pulse width: 4 [ms] or more) to
the TC1 pin. (at fc=8 MHz)
LD {(EINTCR), 00000100B; INT2ES<1 ("L" level)
LDW (TREG1A), 00FAH ; 4ms+27/fc=FAQ
SET  (EIRL).EF4 ; Enables INTTC1
El
LD (TC1CR), 011101008 ; Starts TC1 with an external trigger, METT =1
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count start count restart

TC1 pininput I trigger l n *mgge, (INT2ES = 0)

Up-counter . X 1 XZXZK“ ' nX 0 an 1
3

TREG1A X n )

Internal clock

il

INTTC match 4 clear

{a) Trigger Start (METT =0)

count count count
start clear start
TC1 pininput *trigger * trigger } trigger *_rising edge select

(INT2ES=0)

LSS €3 €0 €0 4.0 CHEND € 60 == 0 cuni R |

TREG1A :)( " |

/
INTTCH match T-Iclear

Note: m<n

Internal <lock

(b) Trigger Start & Stop (METT1=1}

Figure 2-18. External Trigger Timer Mode Timing Chart

(3) Ewvent Counter Mode

In this mode, events are counted at the edge of the TC1 pin input. Either the rising or falling edge
can be selected with INT2ES in EINTCR. The contents of TREG1A are compared with the contents of
up-counter. If a match is found, an INTTC1 interrupt is generated, and the counter is cleared. The
maximum applied frequency is fc/24 [Hz] in NORMAL1/2 or IDLE1/2 mode and fs/24 [Hz] in SLOW or
SLEEP mode.

Setting SCAP1 to “1" transferes the current contents of up-counter to TREG1B {software capture
function). SCAP1 is automatically cleared after capturing.

Command start

TC1 pin input I l | | | I I-_L I_I_I ]_I Ll :I
Up-counter ) X j( 2 X :::: Xn-1 m 1 X 2

TREG1A X n ¢

Match Counter
detect ‘I—K dear

INTTCY interrupt

Figure 2-19. Event Counter Made Timing Chart (INT2ES = 1)
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(@) Wivndow mode

Counting up is performed on the rising edge of the pulse that is the logical AND-ed product of the
TC1 pin input (window pulse) and an internal clock. The contents of TREG1A are compared with the
contents of up-counter. If a match is found, an INTTC1 interrupt is generated, and the counter is
cleared. Positive or negative logic for the TC1 pin input can be selected with INT2ES. Setting SCAP1
to “1" transferres the current contents of up-counter to TREG1B. It is necessary that the maximum
applied frequency (TC1 input) be such that the counter value can be analyzed by the program. That
is, the frequency must be considerably slower than the selected internal clock.

Interna

Interna

TC1 pininput

Up-cou
1
TREG1A X 7 b
]
. | match \n} dear
INTTCH interrupt !

TC1 pininput

command start

|

| | -
- : T = = | = g : : :

> V&0 €) 6 © GEEEEN © 00 € €9 6

{a) Positive Logic {INT2ES =0}

command start

{

Up-counter ;
TREG1A X ;
INTTC1 interrupt i match Mar
(b) Negative Logic (INT2ES =1}
Figure 2-20. Window Mode Timing Chart
{5) Pulse width measurement mode

Counting is started by the external trigger (set to external trigger start by TC15). The trigger can be
selected either the rising or falling edge of the TC1 pin input. The source clock is used an internal
clock. On the next falling (rising) edge, the counter contents are transferred to TREG1B and an
INTTC1 interrupt is generated. The counter is cleared when the single edge capture mode is set.
When double edge capture is set, the counter continues and, at the next rising (falling) edge, the
counter contents are again transferred to TREG1B. If a falling (rising) edge capture value is required,
it is necessary to read out TREG1B contents until a rising (falling) edge is detected. Falling or rising
edge is selected with INT2ES, and single edge or double edge is selected with MCAP1 { bit 6 in
TCI1CR).
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count count
start start
TC1 pininput trigger
—i

Up-counter ‘aﬂn 0 2

capture

TREG1B X‘n

INTTC] n

[Applicaticns] High or low pulse width measurement

(a) Single Edge Capture

count . count
start start
TC1 pininput A * ){

preounter DGQG @ﬂ@@@ @GMG
capture capture

TREG1B X‘n Xj

INTTC1 n I_L

[Applications] @ Period / Frequency measurement
@ Duty measurement

(b} Double Edge Capture

Figure 2-21. Pulse Width Measurement Mode Timing Chart

Example : Duty measurement (Resolution fc/27 [Hz])
CLR (INTTC15W). 0 :INTTCT service switch initial setting
LD (EINTCR), 000000008 ;  Setstherise edge at the INT2 edge
LD (TC1CR), 0DDO0110B ; Setsthe TC1 mode and source clock
SET (EIRL). EF4 ;. Enables INTTC1
El
LD (TC1CR), 001101108 . Starts TC1 with an external trigger
PINTTC1: CPL (INTTC1SW). 0 ; Complements INTTC1 service switch
JRS F, SINTTC1
LD (HPULSE), (TREG1BL) ; ReadsTREG1B
LD (HPULSE + 1}, {TREG1BH)
RETI
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SINTTC1: LD (WIDTH), (TREG1BL) ;  Reads TREG1B (Period)
LD (WIDTH + 1), (TREG1BH)

RETI
VINTTC1: DW  PINTTCI

WIDTH

! HPULSE
———————— !

TC1 pin

INTTCI1SW J |_._

{(6) Programmable Pulse Generate (PPG) output mode
Counting is started by an edge of the TC1 pin input (either the rising or falling edge can be selected)
or by a command. The source clock is used an internal clock. First, the contents of TREG1B are
compared with the contents of the up-counter. If a match is found, timer F/F1 output is toggled.
Next, timer F/F1 is again toggled and the counter is cleared by matching with TREGTA. An INTTC1
interrupt is generated at this time. Timer F/F output is connected to the P14 (PPG) pin. In the case of
PPG output, set the P14 autput latch to “1" and configure as an output with P1CRg. Timer F/F1is
cleared to “0" during reset. The timer F/F1 value can also be set by program and either a positive or
negative logic pulse output is available. Also, writing to the TREG1B is not possible unless the timer/
counter 1is set to the PPG output mode with TC1M. .
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Internal clock lllll”llll”lll||||§|||I|”||I|| command start

X 3 l g l

TREG1B

matc N N N

TREG1A }(m | L ) )
/ /

PPG pin output

Note.m>n
INTTC1 ” -l —I —l

(a) Pulse

TC1 pin input } trigger l external trigger start

s XIXNDE) e
T S
N ]

PPG pin cutput

INTTC1 n Note:m>n
[Applications] One shot pulse output
(b} Single
Figure 2-22. PPG Output Mode Timing Chart
Example : Pulse output{*H" level « 800us, “1." level « 200 us) {(at fc = 8 MHz)

SET (P1).4 ; P14 outputlatch 1

LD (P1CR), 00010008 ; Setsthe P14 qutput mode

LD (TC1CR), 100000t1B ; Setsthe PPG output mode TFF =1

LDW (TREG1A),03E8H ; Setsthe period (1 ms+1 x5 =03E8y)

LDW (TREG1B),00C8H ; Setsthe “L” level pulse width (200 s + 1 45 =00C8y)
LD (TC1CR), 100100118 ; Command start
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P14 output latch
Data output
TFF1 o Lcet
TC1CR write strobe
-clear g
reset
match with TREG18 >_—D
match with TREG1A >—— toggle
B
INTTCY interrupt Y Timer F/F 1
A
> TC1S clear signal
MPPG1

Figure 2-23. PPG Qutput

2.6 16-bit Timer/Counter 2 (TC2)

2.6.1 Configuration

TC2S

i

TC2pin

window

fe/223 or f5/215— clear

fc/213 or f5/253——m
fc/28y |
23

[ S——

| P S—

timer/
event counter

16-bit up-counter

source
clock

oOw>

w|;‘-nrr1
Ii
=

comparator INTTC2
interrupt
bl
TC20K Tezs enable
t match detect control
TC2CR TREG2 f T
Timer/Counter 2 control register 16-bit timer register 2 TREGZH TREG2L

write strobe write strobe

Figure 2-24. Timer/Counter 2 (TC2)
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2.6.2 Control

The timer / counter 2 is controlled by a timer / counter 2 control register (TC2CR) and a 16-bit timer

register 2 (TREG2). Reset does not affect the TREG2.

R 15 14 13 12 11 10 9 8 7 (] 5 4 3 2 1 o
(0016,%6021'IH) | : TREG2y (0017,) . . REG2, (0016y) . .
write only
g oo 6.5 & 3 2 1. 0
sy i [les] e, ] [cm] il +0000:0)
TCIM Timer/ counter 2 operating 0: Tir.ner/Event counter mode
mode select 1@ Window mode
000 : Internal clock fe/22 or f3/2%[Hz]
001 : 2 f2™ or fy2°
010 : + fo28
TC2CK | Timer/counter 2 011 - » £28 write
source clock select 100 : P fc (Note 5) only
101 : ” fs
110 : Reserved
111 : External clock (TC2 pin input)
TC28 Timer / counter 2 0 : Stop and counter clear
start control 1 : Start -
Note 1. fc; High-frequency clack [Hz], f5; Low-frequency clock [Hz], *; don't care
Note 2: When writing to the low-byte of timer register 2 (TREG2,), the comparison is inhibited until
the high-byte (TREG2Zy,) Is written,
After writing to the high-byte, any match during 1 machine cycle (instruction execution
cycle} is ignored.
Note 3. Setthe mode and source clock when timericounter stop (TC25 =0).
Note 4 : Values to be loaded to the timer register must satisfy the following condition.
TREG2 > O(TREGZ215 o 11 >0 when warm-up).
Note 5. “fc” can be selected as the source clock onfy in the timer made during the SLOW mode.
Note 6: TCZ2CR and TREG2 are write-only registers and must not be used with any of the read-
modify-write instructions such as SET, CLR, etc.

Figure 2-25. Timer Register 2 and TC2 Control Register

2.6.3 Function

The timer / counter 2 has three operating modes: timer, event counter and window modes. Also timer /

counter 2 is used for warm-up when switching from SLOW mode to NORMAL2 mode.

(1) Timer Mode

In this mode, the internal clock is used for counting up. The contents of TREG2 are compared with
the contents of up-counter. If a match is found, a timer/counter 2 interrupt (INTTC2) is generated,

and the counteris cleared. Counting up is resumed after the counter is cleared.

Alsa, when “fc” is selected as the source clock during SLOW mode, the lower 11 hits of TREG2 are
ignored and an INTTC2 interrupt is generated by matching the upper 5 bits. Thus, in this case, only

the TREG24 setting is necessary.
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Table 2-4. Source Clock {Internal Clock) for Timer / Counter 2

Source clack Resolution Maximum time setting
NORMAL1/2, IDLE1/2 mode SLOW p SLEEP g Atfc=8 Atfc=8
mode mode = _ = _

DV7CK =0 DV7CK = 1 MHz At fs=32.768 kHz MHz At fs=32.768 kHz
fe28[Hz) fs/2'5(Hz] 5/2"° [Hz] /25 [Hz] 1.05 s 1 s 19.1 hour 18.2 hour
fe/2¥ fsi2° 1s/2° fs2® 1.02 ms 1 ms 1.1 min 1 min
for2t fo/2® - - 32 s 21 s
fe2? 123 - - 1 65.5 ms

- - fe(Note) - 125 ns 7.9 ms
fs s - - - 305 s - 2 s
Note: “fc” canbe used only in the timer mode.
Example Sets the timer mode with source clock fe/23 [Hz] and generates an interrupt every

25 ms {at fc = 8 MHz).

LD (TC2CR), 000011008 ; Setsthe TC2 mode and source clock
LDW  (TREG2),61A8H ; Sets TREG2 (25 ms + 23/fc = 61A8Y)
SET (EIRH}, EF14 ; Enables INTTC2 interrupt

El

LD {TC2CR), 001011008 ; StartsTC2

(2} EventCounter Mode
In this mode, events are counted on the rising edge of the TC2 pin input. The contents of TREG2 are
compared with the contents of the up-counter. [f a match is found, an INTTC2 interrupt is
generated, and the counteris cleared. The maximum frequency applied to the TC2 pin is f/24 [Hz] in
NORMAL1/2 or IDLE1/2 mode, and fs/24 {Hz] in SLOW or SLEEP mode. Two or more machine cycles
are required for both the "H” and "L" levels of the pulse width.

Example sets the event counter mode and generates an INTTC2 interrupt 640 counts later.
LD (TC2CR), 00011100B ; Setsthe TC2 mode
LDW  (TREG2), 640 ; Sets TREG2
SET (EIRH). EF14 ; EnablesINTTC2
El
LD {TC2CR), 00111100B ; StartsTC2

(3) Window Mode
in this mode, counting up is performed on the rising edge of the pulse that is the logical AND-ed
product of the TC2 pin input (window pulse} and an internal clock. The internal clock is selected with
TC2CK. The contents of TREG2 are compared with the contents of up-counter. If a match is found,
an INTTC2 interrupt is generated, and the up-counter is cleared to “0". It is necessary that the
maximum applied frequency (TC2 input) be such that the counter value can be analyzed by the
program. Thatis, the frequency must be considerably slower than the selected internal clock.

Example Generates an interrupt, inputting “H” level pulse width of 120 [ms] or more.
{at fc =8 MHz)

LDW  (TREG2), 0078H » Setsthe TREG2 (120 ms + 213/fc = 0078p)
SET (EIRH). EF14 ; EnablesINTTC2

El

LD (TC2CR), 00100101B ; Starts TC2
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TC2 pininput

Internal clock

Up-counter

TREG2

[

AR UTAR UL

AR 2ZX AR n-2 Xe-XoXOX T X2 X23)
3

X n

b

INTTCZ interrupt

match \n; counter clear

2.7 8-BitTimer/Counter 3 (TC3)

Figure 2-26. Window Mode Timing Chart

2.7.1 Configuration

rising

l inhibit

Edge
detector

Capture

falling control

1

t2?

v
foi21torfsy22 —>g
- *Cs

TC3CK

T3S

H

TCGM

source clock

TC3S 5
[+

lear

2

A

SCAP

TC3CR

Timer/Counter 3 Control Register

E capture

8-bit up-counter

overflow

E INTTC3

interrupt

TC3M

J |

y

TREG3B

TREG3A

8-bit Timer Register 3A, 38

J

U

match

Figure 2-27. Timer/Counter 3
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2.7.2

Control

The timer / counter 3 is controlled by a timer / counter 3 control register (TC3CR) and two 8-bit timer

registers (TREG3A and TREG3B). Reset does not affect these timer registers.

TREG3A 7‘6'5‘432 1 0
(00184) | | Read/Write
TREG3B
(0019 ] I Read only
7 6 5 4 3 2 1 0
TC3CR e SO S A . S U N
(OO1A) o [scap|  |Tmcs| T3k | (TCaM|  (nitial value: 00 00*0)
Timer/ counter 3 0 : Timer/ event counter
TC3M .
operation mode set 1 : Capture
- 00 : Internal clock f22  or fs2° [Hz]
Tcack | Timer/counter 3 01 : Internal clock fg2®  or fu2?
source clock seiect 10 : Internal clock fcs2? Write
11 : External clock (TC3 pin input} only
TC38 Timer / counter 3 0 : Stop & clear
start setect 1: Start
SCAP Software capture control 0: -
1 : Software capture
7 6 5 4 3 2 1 0
EINTCR TNT1 [ (W70 | {1Ca | aNta | 1¢3 | OnT2 [ anit | -
(00374) [N 1B L8 [ % [ I | (Initial value : 0000 000*)
TC3ES | TC3 edge select 0: R's".‘g edge write
1: Falling edge only
Note 1 : fc,; High-frequency clock [Hz] s, Low-frequency clock [Hz] +;don’t care
Note 2 : Setthe mode, the source clock and the edge selection (INT3ES) when the TC3 stops (TC35 =0).
Note 3: Values to be [oaded into timer register 3A must satisfy the following condition.
TREG3A > 0{in the timer/event counter mode}
Noted : TC3CR is a write-only-register and must not be used with any of read-modify-write instructions.

Figure 2-28. Timer Register 3 and TC3 Control Registers

2.7.3 Function
The timer / counter 3 has three operating modes : timer, event counter, and capture mode.

(1) Timer Made
In this mode, the internal clock shown in Table 2-5 is used for counting up. The contents of TREG3A
are compared with the contents of up-counter. If a match is found, a timer / counter 3 interrupt
(INTTC3) is generated, and the up-counter is cleared. Counting up resumes after the up-couter is
deared. The current contents of up-counter are loaded into TREG3B by setting SCAP (bit 6 in TC3CR)
to “1”. SCAP is automatically cleared after capturing.

Table 2-5. Source Clock (Internal Clock) for Timer Counter 3

Source clock Reselution Maximum setting time
NORMAL1/2, IDLE1/2 mode SLOW, SLEEP mode fc=8MHz fs=32.768 kHz fc=8MHz fs =32.768 kHz
fe/2't or fs12' [Hz] fs/2¢ [Hz] 512 s 488.28 u5 131.1 ms 1245 ms
fd2¥  or fu2? - 128 us 122.07 sss 326 ms 3112 ms
fu2’ - 16 us - 41 ms -
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(2) EventCounter Mode

In this mode, the TC3 pin input pulses are used for counting up. Either the rising or falling edge can
be selected with TC3ES (bit 3 in EINTCR). The contents of TREG3A are compared with the contents of
the up-counter. If a match is found, an INTTC3 interrupt is generated and the counter is cleared. The
maximum applied frequency is fc/2% [Hz]} in NORMAL1/2 or IDLE1/2 mode, and fs/2% [Hz] in SLOW or
SLEEP mode. Two or more machine cycles are required for bath the high and low levels of the pulse

width.

The current contents of up-counter are loaded into TREG3B by setting SCAP (bit 6 in TC3CR) to “1".
SCAP is automatically cleared after capturing.

Example

El

LD (TC3CR}, 000111008 ;

(3} Capture Mode

Generates an interrupt every 0.5 [s], inputting 50Hz pulses to the TC3 pin.
LD (TC3CR), 00001100B ;
LD (TREG3A}, 19H .
SET (EIRH) .EF8 .

Sets TC3 mode and source clock
0.5{s]+1/50=25=19y
Enables INTTC3 interrupt

Start TC3

The puise width, period and duty of the TC3 pin input are measured in this mode, which can be used
in decoding the remote control signals, etc. The counter is free running by the internal clock. On the
rising (falling) edge of the TC3 pin input, the current contents of counter is loaded into TREG3A, then
the up-counter is cleared to “0" and an INTTC3 interrupt is generated. On the falling (rising) edge of
the TC3 pin input, the current contents of the counter is loaded into TREG3B. In this case, counting
continues. On the next rising (falling) edge of the TC3 pin input, the current contents of counter are
loaded into TREG3A, then the counter is cleared again and an interrupt is generated. If the counter
overflows before the edge is detected, FFy is set into TREG3A, and the counter is cleared and an
overflow interrupt (INTTC3) is generated. During interrupt processing, it can be determined
whether or not there is an overflow by checking whether or not the TREG3A value is FFy. Also, after
an interrupt (capture to TREG3A, or overflow detection) is generated, capture and overflow
detection are halted until TREG3A has been read out; however, the counter continues.

Internal clock

Up-counter

oy roruyuryuiuuuyy

k-2 X XXX X XK m o K X XXX X2 X X Xore XXX X2 X 2)

\

TREG3A k

TC3 pininput __I\
]
X

L
X

\ \ X FF {overflow}
¥ i

TREG3B

><____-__-—.—
3
Ol I B

FE

ncapture

INTTC3 interrupt

[}
)
|
hcapture noverﬂow

Reading TREG3A Il

i ]

Figure 2-29.

Timing Chart for Capture Mode {TC3ES =0)
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2.8 8-bit Timer/Counter (TC4)

2.8.1 Configuration

TC4S

source clear

fe/21% or 5723 >

8-bit up-counter

fa27
fe/23 —
2
TCACK match
TC4S TCaMm S
T /?/ Note: MPX; Multiplexer
- CMP; Comparator
I TCACR | | TREG4 I

Timer/ Counter 4 Control Register  8-bit Timer Register 4 |
ﬁ ﬁ INTTCA
interrupt

Figure 2-30. Timer/Counter4

2.8.2 Control
The timer / counter 4 is controlled by a timer / counter 4 control register (TCACR) and an 8-bit timer
register 4 (TREG4). Resetdoes not affect TREG4.
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TREG 7 6 5 4 3 2 1 0
REG4 .
(001B}) l ’ Write only
7 6 5 4 3 2 1 0
TC4CR el : o
(001C,)  fod ¥ [7cas | Teack TCeam | (initial value :  00*0 0000)
00 : Timer/event counter mode
TC4M | TC4 operating made select 01 : Reserved
1* : Reserved
00 : Internal dock fc/2' or fs/2® [Hz write
01 : Internal clock fo/27
TCACK | TC4 lock select only
source cloc 10 : Internal clock fe/2?
11 : External clock (TC4 pininput)
Tcas TC4 start control 0 : Stop and counter clear
1: Start
2 ]
EINTCR (INT1 INTO Tca INTG | (TC3 | UNTZ (mn """""" s .
(0037,3) B (EN) I | (ES} I (ESJ | e L) (Initial value : 0000 000%)
TC4ES | TC4 edge select 0: R's”.r'g edge write
1 : Falling edge only
Note 1. fc; High-frequency clock [Hz], f5; Low-frequency clock [Hz], *; don't care B
Note2: Set the operating mode, the source clock selection and the edge selection (TC4ES) when
the TC4 stops (TC4S =0).
Note 3:  Alwayswrite “1” to bit 7 and bit 6 in TC4CR.
Note4: Valuesto beloaded to the timer register must satisfy the following condition.
TREG4>0
Note5: TCACR, EINTCR and the TREG4 are write-only registers and must not be used with any of
the read-modify-write instructions such as SET, CLR, etc.

2.8.3 Function

Figure 2-31. Timer Register 4 and TC4 Control Registers

The timer / counter 4 has two operating modes : timer and event counter mode.

{1) TimerMode

In this mode, the internal clock is used for counting up. The contents of TREG4 are compared with
the contents of up-counter. If a match is found, a timer/counter 4 interrupt (INTTC4) is generated
and the counter is cleared. Counting up resumes after the counteris cleared.

Table 2-6. Source Clock (Internal Clock) far Timer/Counter 4

Source clock Resclution Maximum setting time
NORMAL1/2, IDLEY/2 mode | SLOW, SLEEP mode | Atfc=8MHz At f5=32.768 kHz Atfc=8MHz At fs=32.768 kHz
fu2”  or fa2?  [Hz) 1527 [Hz) 256 #5 24414 4 65.28 ms 62.25 ms
fo2? - 16 s - 4.08 ms -
fes2? - 1 Hs - 255 S -
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(2)

Event Counter Mode

In this mode, the TC4 pin input (external clock) pulse is used for counting up. Either the rising or
falling edge can be selected with TC4ES (bit 5 in EINTCR). The contents of TREG4 are compared with
the contents of the up-counter. If a match is found, an INTTC4 interrupt is generated and the
counter is cleared. The maximum applied frequency is f¢/24 [Hz} in NORMAL1/2 or IDLE1/2 mode, and
fs/2% [Hz] in SLOW or SLEEP mode. Two or more machine cycles are required for both the high and
low levels of the pulse width.

2.9 Serial Bus Interface (SB})
The 87CH37/K37/M37 has a 1-channel serial bus interface which employs a clocked-synchronous 8-bit

serial bus interface and an 12C bus {a bus system by Philips).

The serial bus interface is connected to an external device threugh P35 (SDA) and P34 (SCL) in the I2C bus
mode; and through P36 (SCK}, P35 (SO), and P34 (S} in the clocked-synchronous 8-bit SIO mode.

The serial bus interface pins are also used for the P3 port. When used for serial bus interface pins, set the
P3 output latches of these pinste “1”. When not used for serial bus interface pins, the P3 portisused as a
normal I/O port.

2.9.1 Configuration
— [NT53Blinterrupt request
SCL
. =
S0
Clock Inputy ] P36
npu
Control b
o Qutput (5¢K)
T * Control
fe/4 —| Divider
" et 510 S0 -] P3s
Transter Data Cantrol S| (SDA/50)
Control  {*——— r
12C bus o N—
Clock Sync. Circuit
=
Norse ¢ + 1 AN ' 1 P34
Canceller ontro . (SCL/SH)
Shift 12Cbus
Register Data Control Noise SDA
ﬁ Canceller
N2 |
SBICR2/
SBISR 12CAR SBIDBR SBICR1
SBl Contro! Register2/  12C bus SBI Data SBI Controi Register t
5Bl Status Register Address Register Buffer Register

Figure 2-32.

Serial Bus Interface (SBI)
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2.9.2 Serial Bus Interface (SBI) Control

The following reginsters are used for control and operation status monitoring when using the serial
bus interface (5Bl).

® Serial bus interface control register 1 (SBICR1)

® Serial bus interface control register 2 (SBICR2)

¢ Serial bus interface data buffer register (SRIDBR)
® 1°C bus address register (12CAR)

® Serial bus interface status register (SBISR)

The above registers differ depending on a mode to be used.

Refer to Section “2.9.4 12C bus Mode Control” and “2.9.6 Cloéked-Synchronous 8-bit SIO Mode
Control”.

2.9.3 The Data Formats in the 12C bus Mode
The data formats when using the 87CH37/K37/M37 in the 12C bus mode are shown below.

(a) Addressing format

8 bits 3| | |=e—110 8 bits —a| 1 |«—1t0 8 bits ——»{1
T T I TTTRr[A A A '_'_
S| Slave address 7 Data C Data c|p
WK [ K
1 |- 1 ormorg ————————>

(b) Addressing format (with restart)

| &——8 bits —————| { |—1t0 8 bits 1 2 8 hits 1 |—1t0 8 bits —{1
T T T T [rla A T T T T 7T Tria A
S| Slave address /]C Data C{5| Slave address /1c Data c|P
WK K W] K K
1 1 ormore - i 1 or more «——»
(<) Free data format
8 bits 1 |«=—1t0 8 bits —| | [«—1t0 8 bits —| 1
F'TTTTTT A A A
S Data C Data C Data c|P
K K K
1 lTormore — >
Notes $ : Start condition

RAN : Direction bit
ACK : Acknowledge bit
P : Stopcondition

Figure 2-33. Data Format
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2.9.4 12C Bus Mode Control
The following registers are used for control and operation status monitaring when using the serial bus
interface (SBI} in the 12C bus mode.

Serial Bus Interface Control Register 1

SBICR1 7 3 S 2 1 0
0020w [ “Bc | SCK 1 (initialvalue 0000 *000)
BC ACK=0 ACK =1
Number of : Number oF .
Ciack Bits Clock, Bits
000 8 8 9 8
001 1 1 2 i .
Write
8C | Number of transferred bits 010 2 2 3 2 only
011 3 3 4 3
100 4 4 5 4
101 5 5 6 5
110 6 6 7 3
111 7 7 8 7
0: Notgenerate clock pulse for acknowledge signal {in mastilr maode)/ Read/
P Not count clock pulse tor acknowledge signal (in slave mode) €a
ACK | Acknowledge mode specification [ . Generate clock pulse far acknowledgge sjgnal (in master mode) / Write
Countclack pulse for acknowledge signal (in slave mode)
¢ 000 : 181.8kHz )
001 : 105.3kHz
010 : 57.1kHz
sck | serial clock selection 011 : 299kHz % atfc=8MHz (QutputonSCLpin} erlte
100 : 15.3kHz only
101 : 7.72kHz
110 : 3.88kHz y
111 : reserved

Note1: fc,; high-frequency clock [Hz], * ; don't care

Note2: Setthe BCto "000" before switching ta a dock-synchronous 8-bit 510 made.

Note3: SBICRT haswrite-only register bits, which cannot access any of in read-modify-write instructions such as
bit operate, etc.

Serial Bus Interface Data Buffer Register

SBIDBR 7 5 4 1
00at f 6 3 2 0

| 1 | | | | | | {Initial value ***% x#%x} Read/Write

Note i:  When writing transmitted data, start from the M58.

Note2: Cannotread the data which was written into SBIDBR, since a write data buffer and a read data buffer are
independent in SBIDBR. Therefore, cannot access it any of in read-modify-write instructions such as bit
aperate, efc.

Nete3: =, don'tcare

12C bus Address Register
: 7 6 5 4 3 2 1 0

12CAR Slave address A .
(00224} | opg | sA5 | sad | sA3 | sAZ | sAt | sAQ L5 (Initial value 0000 0000)
87CH37/K37/M37 slave address
SA i )
selection Write
ALS Address recognition mode 0 : Slave address recagnition only
specification 1 : Nonslave address recognition

Note : [2CAR is a write-only register, which cannot access any of in read-modify-write instructions such as bit operate,
etc. '

Figure 2-34. Serial Bus Interface Control Register 1/ Serial Bus Interface Data Buffer Register/
12C bus Address Register in the 12C bus Mode
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Serial Bus Interface Control Register 2

Serial Bus Interface Status Register

SBICR2 7 6 3 4 3 2 1 0
TeETTTTTSTN
©028w [msTTTra [ 88 [ PN sem |0 170" 1  (nitialvalue 0001 Goxs)
MST | Master/ slave selection (Write), 0: Slave
Status monitor (Read) 11 Master
TRX | Transmitter/ receiver selection (Write), | 0 : Receiver
Status monitor (Read) 1: Transmitter
BB Start/stop generation (Write), 12Cbus | 0 : Generate the stop condition when the MST, TRX, and
status monitor (Read) PIN are "1". (Write), Bus free (Read) Read/
1: Generate the start condition when the MST, TRX, Write
and PIN are “1". (Write), Bus busy (Read)
PIN | Cancel interrupt service request(Write), | 0 - (Write), Interrupt service requested (Read)
Interrupt service request status 1: Cancel interrupt service request {Write) ,
monitor (Read) Canceled (Read)
00 : Port mode (serial bus interface output disable)
Serial bus interface operating mode 01:SI10 mode Write
SBIM ) ,
selection 10 : I°’C bus mode only
11 : Reserved
Notel: =« don'tcare
Note2:  Switcha mode to port mode after confirming that the bus is free.
Note3:  Swich a mode to 12Cbus mode after confirming that input signals via port are high level.
Note4:  5BICR2 has write-only register bits, which can not access any of in read-modify-write instructions such
as bit operate, etc.
Note5:  Write "0” to bit 1, 0in the SBICR2.

7 . 6 5 4 3 2 1 0
sBisR [ MsT] TRx | 88 | PIN | AL | AAS [ ADO | LR® | (nitial value G001 0000)
{0023,
AL | Arbitration lost detection monitor 0: -
1 Arbitration lost detected
AAS | Slave address match detection monitor | 0: -
1 : Slave address match or "GENERAL CALL" detected
ADO | "GENERAL CALL" detection menitor 0: -
1: "GENERAL CALL" detected
LRB | Lastreceived bit monitor 0: Lastreceived bit "0"
1: Last received bit "1"

Read
only

Figure 2-35. Serial Bus Interface Control Register 2 / $erial Bus Interface Status Register

in the 12Cbus Mode

(1) Acknowledge mode specification

Set the ACK (bit 4 in the SBICR1) to “1” for operation in the acknowledge mode. The
87CH37/K37/M37 generates an additional clock pulse for an acknowledge signal when operating in
the master mode, and it counts a clock pulse for an acknowledge signal when operating in the slave
mode. In the transmitter mode during this clock pulse cycle, the SDA pin is released in order to
receive the acknowledge signal from the receiver. In the receiver mode during this clock pulse cycle,

the SDA pin is set to the low level in order to generate the acknowledge signai.

Clear the ACK to "0" for operation in the non-acknowledge mode. The 87CH37/K37/M37 does not
generate a clock pulse for the acknowledge signal when aperating in the master mode, and it does

not count a clock pulse for the acknowledge signal when operating in the slave mode.
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{2) Number of transfer bits

The BC (bits 7 to 5 in the SBICR1) is used to select a number of bits for next transmitting and receiving

data.

since the BC is cleared to “000” by a start condition, a slave address and direction bit transmissions
are executed in 8 bits. Other than these, the BC retains a specified value.

Serial clock
a. Clock source

(N

The SCK (bits 2 to 0 in the SBICR1) is used to select a maximum transfer frequency outputed on the

SCL pin in the master mode.

——tHIGH —|

tLow = 2"c
tuigH = 2"V + 12/fc

fsel = 1t ow + tHiGh)

Note : fc ; high-frequency dock

-t ow —>

— Vv N N

e——— 1150 ——— ]

SCK

{bits2 to 0 in the SBICR1) n
000 4
001 5
010 6
a1 7
100 8
101 9
110 10

Figure 2-36. Clock Source

b.Clock synchronization

In the 12C bus mode, in order to wired-AND a bus, a master device which pulls down a clock line to
low-level, in the first piace, invalidate a clock puise of another master device which generates a high-
level clock pulse. The master device with a high-level clock pulse needs to detect the situation and

implement the following procedure.

The 87CH37/K37/M37 have a clock synchronization function for normal data transfer even when

maore than one master exists on a bus.

The example explains clock synchronization procedures when two masters simuitaneously exist on a

bus.

Wait counting high-level
width of a clack pulse

1 1
e}

' Start counting high-level
I width of a clock pulse

SCL pin (Master 1)

.
]
1
] 1
1 1
1 5
1
| r
'
t

SCL pin (Master 2) vwidth of a clock pulse

]
1Reset a counter of high-level '\

\

/i

(\

i L !
SCL (Bus} ; E /i X
1 I 1
a b ¢
Figure 2-37. Clock Synchronization

As Master 1 pulls down the SCL pin to the low-level at point
low-level. After detecting this situation,

“a", the SCL line of the bus becomes the
Master 2 resets a counter of high-level width of an own

clock pulse and sets the SCL pin to the low-level.

3-37-76

www.DataSheet4U.com



TOSHIBA MAINTENANCE TMP87CH37/K37/M37

Master 1 finishes counting low-level width of an own clack pulse at point “b" and sets the SCL pin to
the high-level. Since Master 2 holds the 5CL line of the bus at the low-level, Master 1 waits for
counting high-level width of an own clock pulse. After Master 2 finishes counting low-level width of
an own clock pulse at point “c” and Master 1 detects the SCL line of the bus at the high-level and
starts counting high-level of an own clock pulse.
The clock pulse on the bus is determinded by the master device with the shortest high-level width
and the master device with the longest low-level width from among those master devices connected
to the bus.

(4) slave address and address recognition mode specification
When the 87CH37/K37/M37 is used as a slave device, set the slave address and ALS to the 12CAR.
Clear the ALS to "0” for the address recognition mode.

(5) Master/slave selection
Set the MST (bit 7 in the SBICR2) to “1“ for operating the 87CH37/K37/M37 as a master device. Clear
the MST to "0" for operation as a slave device. The MST is cleared to "0” by the hardware after a
stop condition on a bus is detected or arbitration is lost.

(6) Transmitterireceiver selection
Set the TRX (bit 6 in the SBICR2) to "1” for operating the 87CH37/K37/M37 as a transmitter. Clear the
TRX to "0” for operation as a receiver. When data with an addressing format is transferred in the
slave mode, when a slave address with the same value that an I2CAR or a GENERAL CALL is received
(all 8-bit data are 0" after a start condition), the TRX is set to 1" by the hardware if the direction
bit (R/W) sent from the master device is *1 “,andis cleared to “0” by the hardware if the bit is “0“. In s
the master mode, after an acknowledge signal is returned from the slave device, the TRX is cleared to
"0” by the hardware if a transmitted direction bitis “1”, and is set to “1" by the hardware if it is 0",
When an acknowledge signal is not returned, the current condition is maintained.
The TRX is cleared to “0” by the hardware after a stop condition on the 12C bus is detected or
arbitration is lost.

(7) Start/stop condition generation
When the BB (bit 5 in the SBICR2) is "0”, the slave address and the direction bit which are set to the
SBIDBR are output on a bus after generating a start condition by writing “1” to the MST, TRX, BB,
and PIN. It is necessary to set transmitted data to the data buffer register (SBIDBR) and set “1" to
ACK befarehand.

/ As X a5 X aa~ Y a3 X a2z Y a1 X A0 X rRwW [

| NS )
Start slave address and the direction bit —— Acknowledge
condition signal

Figure 2-38. Start Condition Generation and Slave Address Generation

When the BB is “1”, a sequence of generating a stop condition is started by writing ”1” to the MST,
TRX, and PIN, and "0" to the BB. Do not modify the contents of MST, TRX, BB and PIN until a stop
condition is generated on a bus.

Lol
Stop condition

Figure 2-39. Stop C'ondition Generation
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The bus condition can be indicated by reading the contents of the BB (bit 5 in the SBISR). The BB is
set to “1“ when a start condition on a bus is detected,and is cleared to “0” when a stop condition is
detected on a bus.

(8) Interrupt service request and cancel
When a serial bus interface interrupt request (INTSBI) occurs, the PIN (bit 4 in the SBISR) is cleared to
“0*. During the time that the PINis “0”, the SCL piniis pulled down to the low level.
The PIN is cleared to “0" when 1-word of data is transmitted or received. Either writing/reading data
to/from the SBIDBR sets the PIN to “1".
The time from the PIN being set to "1” until the SCL pin is released takes t ow.
In the address recognition mode (ALS =0), the PIN is cleared to 0" when the received slave addressis
the same as the value set to the 12CAR or when a GENERAL CALL is received (all 8-bit data are "0”
after a start condition). Although the PIN (bit 4in the SBICR2) can be set to “1” by the program, the
PIN is not cleared to “0" when it is written “0“.

(9) Serial bus interface operation mode selection
The SBIM (bit 3, 2 in the SBICR2) is used to specify the serial bus interface operation mode. Set the
SBIM to “10” when used in the 12C bus mode after confirming that input signal via port is high-level.
Switch a mode to port after confirming that the bus s free.

(10) Arbitration lost detection monitor
Since more than one master device can exist simultaneously on a bus in the 12C bus mode, a bus
arbitration procedure isimplemented in order to guarantee the contents of transferred data.
Adata on the SDA line is used for bus arbitration of the I’Cbus.
The following shows an example of & bus arbitration procedure when two master devices exist
simultaneously on a bus. Master 1 and Master 2 output the same data until point “a”. After Master
1 outputs “1” and Master 2, "0, the SDA line of the bus is wire-AND and the SDA line is pulled down
to the low level by Master 2. When the SCL line of the bus is pulled up at point "b”, the slave device
reads a data on the SDA line, that is, data in Master 2. A data transmitted from Master 1 becomes
invalid. The state in Master 1 is called ARBITRATION LOST. A master device which loses arbitration
releases the SDA pin in order not to effect data transmitted from other masters with arbitration.
When more than ane master sends the same data at the first word, arbitration occurs continuously
after the second word.

e
SDA pin (Master 1) M ____________________
I\ SDA pin becomes " 1" after losing arbitration.
1
SDA pin (Master 2) \ / \ E m
i
SDA (Bus) \ / \ ;

AR YA

[T R P ]

b

Figure 2-40. Arbitration Lost

The 87CH37/K37/M37 compares levels of the SDA line on a bus with those of the 87CH37/K37/M37
SDA pin at the rising edge of the SCL line. If the levels are unmatched, arbitration is lost and the AL
(bit 3in the SBISR) isset to “1".

When the AL is set to “17, the MST and TRX are cleared to "0” and the mode is switched to a slave
receiver mode. The 87CH37/K37/M37 generates the clock pulse until data is transmitted when the AL
is“1". ‘

The AL is cleared to “0” by writing/reading data toffrom the SBIDBR or wtiting data to the 5BICR2.
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SCL pin

Master
A ( sDApin \D7A XD6A XD5A X04a X034 X024 X014 XD0A / \ D74’ XD6A' XD5A' XD4A" - ..

Clock pulse generated |

SCLpin 1 2 3 4 5 6 7 8 9
Master
B —

SDApin \ p78 X D68 "\Keep SDA pin to high-level as losing arbitration.

AL Il I

|

MST |
1 )
TRX l
/
Accessed to n

SBIDBR or SBICR2 .

Figure 2-41.  Example when 87CH37/K37/M37 is a Master Device B

(11) Slave address match detection monitor
The AAS (bit 2 in the SBISR} is set to 1" in the slave mode, in the address recognition mode (ALS = D),
when receiving GENERAL CALL or a slave address with the same value that is set to the I2CAR. When
the ALSis “1*,the AAS isset to “1” after receiving the first 1-word of data. The AAS is cleared to "0”
by writing / reading data to / from a data buffer register.

(12) GENERAL CALL detection monitor
The ADO (bit 1in the SBISR) is set to 1 in the slave mode, when all 8-bit received data is “0”, after a
start condition (GENERAL CALL). The ADO is cleared to “0” when a start or stop condition is detected
on a bus.

(13) Last received bit monitor
The SDA value stored at the rising edge of the SCL is set to the LRB (bit 0 in the SBISR). in the
acknowledge mode, immediately after an INTSB! interrupt request is generated, an acknowledge
signal is read by reading the contents of the LSB.

2.9.5 Data Transfer in 12C bus Mode

(1) Device Initialization
Setthe ACK, and SCK in the SBICR1. Clear “0“ to hit 7 to 5 and 3.
Set a slave address and the ALS (ALS = 0 when an addressing format) to the 12CAR.
After confirming that input signals via port are high-level, for specifying the default setting to a
slave receiver mode, clear “0” to the MST, TRX, BB and set “1” to the PIN, “10” ta the SBIM, and “0”
to bit 0 and 1 in the SBICR2.
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(2)

Start Condition and Slave Address Generation

Confirm a bus free status (when BB =0).

Set the ACK to “1” and specify a slave address and a direction bit to be transmitted to the SBIDBR.
When the BB is “0”, the start condition are generated and the slave address and the direction bit
which are set to the SBIDBR are output on a bus by writing “1” to the MST, TRX, BB and PIN. Aslave
device receives these data and pulls down the SDA line on a bus to the low-level at the acknowledge -
signal timing. An INTSBI interrupt request occurs at the 9th falling edge of the SCL clack cycle, and
the PIN is cleared to “0”. The SCL pin is pulled down to the low-level while the PIN is “0”. When an
interrupt request occurs, the TRX changes by the hardware according to the direction bit only when
an acknowledge signal is returned from the slave device.

SDA pin i\: /a6 YAs YAz Xas XAz XA1 Xeo XRiwy oo
] N 7

Acknowledge

' )
Start condition Slave address + direction bit signal from a
slave device

PIN
INTSBI

| C
request 1

(3)

Figure 2-42. Start Condition Generation and Slave Address Transfer

1-word Data Transfer
Check the MST by the INTSBI interrupt process after a 1-word data transfer is completed, and
determine whether the mode is a master or slave.

a. When the M5T is " 1" (Master mode)
Check the TRX and determine whether the mode is a transmitter or receiver.

@ Whenthe TRXis “1” (Transmitter mode}

Check the LRB. When the LRB is “1“, a receiver does not request data. Implement the process to
generate a stop condition (Refer to 2.9.5. (4) ) and terminate data transfer.

When the LRB is “0”, the receiver requests new data. When the next transmitted data is other
than 8 bits, set the BC and write the transmitted data to the SBIDBR. After writing the data, the
PIN becomes “1“, a serial clock pulse is generated for transferring a new 1-word of data from the
SCL pin, and then the 1-word data is transmitted. After the data is transmitted, an INTSBI
interrupt request occurs. The PIN becomes “0“ and the SCL pin is pulled down to the low-level.
I the data to be transferred is more than one word in length, repeat the procedure from the LRB
checking above.

Write to SBIDBR

SCLpin 1 2 3 4 5 6 7 8 9

spapin "\ D7 X06 XD5 Xp4a Xp3 Xp2 o1 XDO Y\_'\'i'
Acknowledge signal

PIN __I ’ Irnla_receiver

INTSBI C
interrupt request

- L.

Figure 2-43. Example when BC="000", ACK = "1" in Transmitter Mode
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@ Whenthe TRXis “0” (Receiver mode)

When the next transmitted data is other than 8 bits, set the BC again. Set the ACK to “1” and
read the received data from the SBIDBR (data which is read immediately after a slave address is
sent is undefined). After the data is read, the PIN becomes ”1”. The 87CH37/K37/M37 outputs a
serial clock pulse to the SCL to transfer new 1-word of data and sets the SDA pin to "0” at the
acknowledge signal timing.

An INTSBI interrupt request occurs and the PIN becomes “0”. Then the 87CH37/K37/M37 pulls
down the SCL pin to the low-level. The 87CH37/K37/M37 outputs a clock pulse for 1-word of
data transfer and the acknowledge signal each time that received data is read from the SBIDBR.

Read SBIDBR

SCL pin

SDApin T D7 D6 xb5 Xba xb3 ¥b2 Xpi  XbO X | '"?? New D7

PIN I to a transmitter e
INTSBI ( I—I_
interrupt request . -

Figure 2-44. Example when BC = "000", ACK =“1" in Receiver Mode

In order to terminate transmitting data to a transmitter, clear the ACK to “0” before reading
data which is 1-word before the last data to be received. The last data does not generate a clock
pulse for the acknowledge signal. After the data is transmitted and an interrupt request has
occurred, set the BCto “001” and read the data. The 87CH37/K37/M37 generates a clock pulse
for a 1-bit data transfer. Since the master device is a receiver, the SDA line on a bus keeps the
high-level. The transmitter receives the high-level signal as an ACK signal. The receiver indicates
to the transmitter that data transfer is complete.

After 1-bit data is received and an interrupt request has occurred, the 87CH37/K37/M37
generates a stop condition (Refer to 2.9.5. (4) ) and terminates data transfer.

SCL pin 1 2 3 4 5 6 7 8\ i

SDA pin D7 %D6 xD5 Xp4  ¥D3 D2 b1 Do 7y '
Acknowledge signal
sent to a transmitter

PIN L
INTSBI ELI <[_‘l

interrupt request -—l-I

"0" > ACK, 001" —»BC,
Read SBIDBR Read SBIDBR

Figure 2-45. Termination of Data Transfer in Master Receiver Mode
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b.When the MSTis "0" (Slave mode)

In the slave mode, an INTSBI interrupt request occurs when the 87CH37/K37/M37 receives a slave
address or a GENERAL CALL from the master device, or when a GENERAL CALL is received and data
transfer is complete after matching a received slave address. In the master mode, the
87CH37/K37/M37 operates in a slave mode if it is losing arbitration. An INTSBI interrupt request
occurs when word data transfer terminates after losing arbitration. When an INTSBI interrupt
request occurs, the PIN (bit 4 in the SBICR2) is cleared, and the SCL pin is pulled down to the low-
level. Either reading/writing from/to the SBIDBR or setting the PIN to “1” releases the SCL pin after
taking tyow time.

In the slave mode, the 87CH37/K37/M37 operates either in normal slave mode or in slave mode after
losing arhitration.

Check the AL (bit 3 in the SBISR), the TRX (bit 6 in the SBISR), the AAS (bit 2 in the SBISR), and the ADO
(bit 1 in the SBISR) and implements processes according to conditions listed in the next table.

Table 2-7. Operation in the Siave Mode

TRX | AL | AAS | ADO Conditions Process

1 1 i 0 |The 87CH37/K37/M37 loses arbitration |Setthe number of bitsin 1-word to the BC
when transmitting a slave address and } and write transmitted data to the SBIDBR.
receives a slave address of which the value
of the direction bit sent from another
masteris "1”.

0 1 0 |in the slave receiver mode, the
87CH37/K37/M37 receives a slave address of
which the value of the direction bit sent
from the masteris “1“.

0 0 |in the slave transmitter mode, 1-word data | Check the LRB. If the LRB is set to "1, set
is transmitted. the PIN to “1” since the receiver does not
request next data. Then, clear the TRX to
“0" release the bus. If the LRB is cleared to
"0", set the number of bits in a word to the
BC and write transmitted data to the SBIDBR
since the receiver requests next data.

0 1 1 1/0 | The 87CH37/K37/M37 loses arbitration | Read the SBIDBR for setting the PIN to "1°
when transmitting a slave address and |(reading dummy data) or set the PINto "17,
receives a slave address or GENERAL CALL
of which the value of the direction bit sent
from another master is “0".

0 0 |The 87CH37/K37/M37 loses arbitration
when transmitting a slave address or data
and terminates transferring word data.

0 1 10 [in the slave receiver mode, the
87CH37/K37/M37 receives a siave address or
GENERAL CALL of which the value of the
direction bit sent from the masteris “0".

0 140 [In the slave receiver mode, the |5et the number of bits in a word to the BC
87CH37/K37/M37 terminates receiving of 1- | and read received data from the SBIDBR.
word data. ’

3-37-82

www.DataSheet4U.com



TOSHIBA MAINTENANCE

TMP87CH37/K37/M37

(4) Stop Condition Generation

When the BB is “1”, a sequence of generating a stop condition is started by setting “1” to the MST,
TRX and PIN, and “0” o the BB. Do not modify the contents of the MST, TRX, BB, PIN until a stop

condition is generated on a bus.

When a SCL line of bus is pulied down by other devices, the

87CH37/K37/M37 generates a stop condition after they release a SCL line.

1" = MST
:1 f - TRX Stop condition
0" 8B /‘
1" —>PIN reoF
SCL pin v v -
- L))
- ! | —
SDA pin \ 1 / )
1 ]
| SR |
PIN _] / -
BB {Read) I
Figure 2-46. Stop Condition Generation
(5) Restart

Restart is used to change the direction of data transfer between a master device and a slave device
during transferring data. The following explains how to restart when the 87CH37/K37/M37 is in the

master mode.

Clear "0” to the MST, TRX and BB, and set “1” to the PIN and release the bus. The SDA pin retains the

high-level and the SCL pin is released. Since a stop condition is

not generated on a bus, a bus is

assumed to be in & busy state from other devices. Check the BB until it becomes “0" to check that the
SCL pin of the 87CH37/K37/M37 is released. Check the LRB until it becomes "1” to check that the SCL

line on a bus is not pulled down to the low-level by other devices.
in a free state, generate a start condition with procedure 2.9.5. (2).
in order to meet setup time when restarting, take at least 4.7 {us]

After confirming that a bus stays

of waiting time by software from

the time of restarting to confirm that the bus is free until the time to generate the start condition.

0" > MST " 5 MST
“0" > TRX "1 = TRX
“0“ —>BB “1"->BB
“1” > PIN "1" > PIN

|<4.7 (s} (Min) >,

— Start condition

SCL (Bus}

5CL (pin)
(B7CH37/K37/M37)

N

()

SDA (pin)

RPN SN .

LRB

= T N N

BB

PIN

I

Figure 2-47. Timing Diagram when Restarting the 87CH37/K37/M37
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2.9.6 Clocked-synchronous 8-bit SIO Mode Control
The following registers are used for control and operation status monitoring when using the serial bus
interface (SB) in the clocked-synchronous 8-bit SIO mode.

Serial Bus Interface Control Register 1

SBICR 7 6 5 4 3 2 1 0
(0020w [gi0s [ 50 | siom | “0- [ L sck .| Onitialvalue 0000 +000)
0:Stop

SI0S | Indicate transfer start/stop
1: Start

, : i 1
SIOINH | Continue/abort transfer ? Continue transfer

: Abort transfer (automatically cleared after abort}

00.: 8-bit transmit mode

01: reserved

10 : 8-bit transmit/receive mode
11 : 8-bit receive mode

000 : fc/25 { 250kHz)
001 : f/26 { 125kHz)
010 : f/27 (62.5kHz)
011 : fe/28 (31.25 kHz) >atfc=8MHZ<%p‘ft°")
100 : f29 {15.62 kHz) SCK pin
101 : f¢/210 {7.81 kHz)

110 : /211 (3.90kHz) )
111 : External clock (input from SCX pin)

SIOM [ Transfer mode select

Write
only

SCK | Serial clock select

Note 1:  fc, high-frequency clock [Hz], = ; don’t care

Note2: Clearthe SIOS to “0” and set the SIOINH to ”1” when setting the transfer mode and serial clock.

Note3:  SBICRI is a write-only register, which cannot access any of in read-modify-write instructions such as
bit operate, etc.

Noted:  Clear "0” 1o bit 3.

Serial Bus Interface Data Buffer Register

: (S(]B(ljiz)?R) 7 & 5 4 3 2 1 0
H I_ . 4] (initial value xxxx xxxx) Read / Write

Note 1:  Cannot read the data which was written into SBIDBR, since a write data buffer and a read data
buffer are independent in SBIDBR. Therefore, cannot access it any of in read-modify-write
instructions such as bit operate, etc.

Note2: =*;don’tcare

Serial Bus Interface Control Register 2

SBICR2
Bk 785 43 210

o isen o ot L SBM ) Con 0 ".i (nitial value +*++ 00x4)
: Port mode {serial bus interface cutput disable)
SBIM Serial bus interface operation mode 01: 510 mode Write
selection 10 : 12C bus mode only
11 : reserved
Note 1 : =, don‘tcare

Note2:  Switch a mode to port after data transfer is complete.

Note 3:  Switch a mode to $IO mode after confirming that input signals via port are high-level.

Noted :  SBICRZ is a write-only regiter, which cannot access any of in read-modify-write instructions such as
bit operate, etc.

Note5: Clear “0”tobit7to 5, 1 and 0, and set “1” to bit4.

Figure 2-48. Serial Bus Interface Control Register 1/Serial Bus Interface Data Buffer Register
/ Serial Bus Interface Control Register 2 in SIO Mode
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Serial Bus Interface Status Register

SIQF | Serial transfer operating status 0: Transfer terminated

monitor 1: Transfer in process Read
SEF [ Shift operating status monitor 0 : shift operation terminated only
1 : Shift operation in process

Figure 2-49. Serial Bus Interface Status Register in SIO Mode

(1) Serial Clock

a. Clock source -

The SCK (bit 2 to 0 in the SBICR1) is used to select the following functions.

@ internal Clock

In an internal clock mode, any of seven frequencies can be selected. The serial clock is output to
the outside on the SCK pin. The SCK pin becomes a high-level when data transfer starts. When
writing (in the transmit mode) or reading {in the receive mode) data cannot follow the serial dack
rate, an autematic-wait function is executed to stop the serial clock automatically and hold the
next shift operation until reading or writing is complete.

automatic-wait function
||

TR pin output L' 1FL[E MRl BB
SO pinoutput 2: :asx asx az H bi: :b:4 @mmmﬂ <
~ et o GO
Writetransmitteddata:xa Xb X«

Figure 2-50. Automatic-wait Function

@ External clock (SCK="111")
An external clock supplied to the SCK pin is used as the serial clock. In order to ensure shift
operation, a pulse width of at least 4 machine cycles is required for both high-leve| and low-level in
the serial clock. The maximum data transfer frequency is 250 kHz {(when fc =8 MHz).

S I 3 e O

Tsere tsckm
tsckL tscxH > 4 teyc Note : tcyc = 4fc (in NORMAL mode, IDLE mode)

Figure 2-51. Maximum Data Transfer Frequency When External Clock Input
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b.shift edge
The leading edge is used to transmit data, and the trailing edge is used to receive data.

D Leading edge shift
Data is shifted on the leading edge of the serial clock (at a falling edge of the SCK pin input /
output).

@ Trailing edge shift
Data is shifted on the trailing edge of the serial clack (at a rising edge of the SCK pin input/output).

Stk pin —yryryryvryryryryr —

SO pin Nbito X bitt X_bitz X bit3 X bita X bits X bit6 X _bit?

Shiftregister jssa&«ﬂssnm 42765432 X wwa 76543 K e xn 27654 K nnanwnTEE hunnraa7ERARrrrnna?

{a} Leading edge

sm LA LA LA LK LA LELELS
S pin \béto Yot X bitz X bit3 X bitd X bits X_bits X _bit7

Shift register

:nunnaﬁ--n--n- 10eranrr AZ100 222 R3210xxen 43210111X543210na 6543210+ A 76543210

(b) Trailing edge Note : = don’t care

Figure 2-52. Shift Edge

(2) Transfer mode
The SIOM (bit 5 and 4 in the SBICR1) is used to select a transmit, receive, or transmit/receive mode.
a.8-bit transmit mode
Set a control register to a transmit mode and write transmit data to the SBIDBR.
After the transmit data is written, set the SIOS to “1” to start data transfer. The transmitted data is
transferred from the SBIDBR to the shift register and output to the SO pin in synchronous with the
serial clock, starting from the least significant bit (LSB). When the transmit data is transferred to the
shift register, the SBIDBR becomes empty. The INTSBI (buffer empty) interrupt request is generated
to request new data.
When the internal clock is used, the serial clock will stop and automatic-wait function will be
initiated if new data is not loaded to the data buffer register after the specified 8-bit data is
transmitted. When new transmit data is written, automatic-wait function is canceled.
When the external clock is used, data should be written to the SBIDBR before new data is shifted.
The transfer speed is determined by the maximum delay time between the time when an interrupt
request is generated and the time when data is written to the SBIDBR by the interrupt service
program.
When the transmit is started, after the SIOF goes “1” output from the SO pin holds final bit of the
last data until falling edge of the SCK.
Transmitting data is ended by clearing the SI0S to “0” by the buffer empty interrupt service program
or setting the SIOINH to “1”. When the SIOS is cleared, the transmitted mode ends when all data is
output. In order to confirm if data is surely transmitted by the program, set the SIOF {bit 3 in the
SBISR) to be sensed. The SIOF is cleared to "0” when transmitting is complete. When the SIOINH is
set, transmitting data stops. The SIOF turns "0".
When the external clock is used, it is also necessary to clear the SIOS to “0” before new data is
shifted; otherwise, dummy data is transmitted and operation ends.
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Clear 510S
510s f I l
SIOF I
SEF _J

SCK pin (output)
SO pin

INTSB! interrupt
request

SBIDBR

(a) Internal clock

Write transmitted data

SIOS f | |

SIOF

SEF _I

SCK pin {input)

Clear 5105

SO pin

INTSBI interrupt
request

SBIDBR
Write transmitted data (b) External clock
Figure 2-53. Transfer Mode
Example : Program to stop transmitting data (when external clock is used)
STEST1 : TEST (SBISR) . SEF ; I SEF=1then loop
JRS F , STEST1
STEST2 : TEST (P3) . 6 ; 1fSCK =0 then loop

JRS T, STEST2
LD {SBICR1) , 000001118 ; SIOS<«0
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SCK pin I l
SIOF ]

50 pin bite X bit? 7

:-(—b- :

tsopn = Min. 3.5/ [s]{In normal mode, idle mode)

Figure 2-54. Transmitted Data Hold Time at End of Transmit

b.8-bit Receive Mode

Set the control register to receive mode and the SIOS to “1” for switching to receive mode., Data is
received from the SI pin to the shift register in synchronous with the serial clock, starting from the least
significant bit (LSB}). When the 8-bit data is received, the data is transferred from the shift register to the
SBIDBR. The INTSBI (buffer full} interrupt request is generated to request of reading the received data.
The data is then read from the SBIDBR by the interrupt service program.

When the internai clock is used, the serial clock will stop and automatic-wait function will be initiated
until the received data is read from the SBIDBR.

When the external clock is used, since shift operation is synchronized with the clock pulse provided
externally, the received data should be read from the SBIDBR befare next serial clock is input. If the
received data is not read, further data to be received is canceled. The maximum transfer speed when the
external clock is used is determined by the delay time between the time when an interrupt request is
generated and the time when received data is read.

Receiving data is ended by clearing the SIOS to "0 by the buffer full interrupt service program or setting
the SIOINH to “1”. When the SIOS is cleared, received data is transferred to the SBIDBR in complete
blocks. The received mode ends when the transfer is compiete. In order to confirm if data is surely
received by the program, set the SIOF (bit 3 in the SBIDBR) to be sensed. The SIOF is cleared to “0” when
receiving is complete. After confirming that receiving has ended, the last data is read. When the SIOINH
is set, receiving data stops. The SIOF turns "0” (the received data becomes invalid, therefore no need to
read it).

Note : When the transfer mode is switched, the SBIDBR contents are lost. In case that the mode
needs to be switched, receiving data is concluded by clearing the 5105 to "0”, read the last
data, and then switch the mode.
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|-¢——————— Clear 5105

SIOS

i -
\ (

SEF '
1] ] 1
] ] 1
¥ 1 (l

SCK pin (output)

—
SIOF 1
S

V%,

Stpin

INTSBI interrupt

request

SBIDBR Y= X ?

Read received data Read received data

Figure 2-55. .Receive Mode (Example : Internal clock)

c. 8-bit Transmit/Receive Mode

Set a control register to a transmit / receive mode and write data to the SBIDBR. After the data is written,
set the S10S to “1” to start transmitting / receiving. When transmitting, the data is output from the SO
pin on the leading edges in synchronous with the serial clock, starting from the least significant bit (LSB).
When receiving, the data is input to the S| pin on the trailing edges of the serial clock. 8-bit data is
transferred from the shift register to the SBIDBR, and the INTSBI interrupt request occurs. The interrupt
service program reads the received data from the data buffer register and writes data to be transmitted.
The SBIDBR is used for both transmitting and receiving. Transmitted data should always be written after
received data is read.

When the internal clock is used, automatic-wait function is initiated until received data is read and next
data is written.

When the external clock is used, since the shift operation is synchronized with the external clock,
received data is read and transmitted data is written before new shift operation is executed. The
maximum transfer speed when the external clock is used is determined by the delay time between the
time when an interrupt request is generated and the time when received data is read and transmitted
datais written.

When the transmit is started, after the SIOF goes "1" output from the SO pin holds final bit of the last
data until falling edge of the SCK.

Transmitting / receiving data is ended by clearing the SIOS to “0” by the INTSBi interrupt service program
or setting the SIGINH to “1”. When the SIOS is cleared, received data is transferred to the SBIDBR in
complete blocks. The transmit/ receive mode ends when the transfer is complete. In order to confirm if
data is surely transmitted / received by the program, set the SIOF (bit3 in the SBISR) to be sensed. The
SIOF becomes “0” after transmitting / receiving is complete. When the SIOINH is set, transmitting /
receiving data stops. The SIOF turns “0”.

Note : When the transfer mode is switched, the $BIDBR contents are lost. In case that the mode

needs to be switched, conclude transmitting / receiving data by clearing the SI0S to “0”,
read the last data, and then switch the transfer mode. ‘
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SI0S
SIOF

SEF

5CK pin
(output)
SO pin

Slpin

INTSBI interrupt

request

SBIDBR Y = b Xd
Write transmitted Read received Write transmitted Read received
data (a) data () data (b) data (d)

[—— Clearsios ——>|

Figure 2-56. Transmit/Receive Mode (Example : Internal clock}

SCK pin | I
SIOF I
50 pin hit 6 X Bit 7 in last transmitted word /
tsopy = Min. 4f¢ [s] (In normal mode, idie mode)

Figure 2-57. Transmitted Data Hold Time at End of Transmit /Receive
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2.10

Remote Control Signal Preprocessor / External Interrupt 3 Input Pin

The remote control signal waveform can be determined by inputting the remote control signal
waveform from which the carrier wave was eliminated by the receive circuit to P30 (INT3/RXIN) pin.
When the remote control signal preprocessor / external interrupt 3 pin is also used as the P30 port, set the
P30 port output latch to “1”. When it is not used as the remote control signal preprocessor / external
interrupt 3 input pin, it can be used for normal port.

2.10.1 Configuration

fe/211 23—
/210 >—
fe/28 >——
fef27 >—
fe/26 >
fg25 > Receive bit - .
fei22 >_; counter Receive bit counter value monitor (RBCTM)
I_Selector
JRNC
Poiarity Interrupt
INT3/RXIN Noise canceller B INT3
D-_> select RNCM select Interrupt
4 A INT. request
EINT -
Measurement
width select |— 8-bit up- Remaote control receive
Selector ! counter counter register (RXCTR)
L< fc26 ) Match detect ‘
fc/28 Shift register
5l 3 2 ¢ /210 SRM
4 < fg212 2 4, U
RPOLS $RCCK  RMM ¥ ¥RCS LCREGA ,
Remote control receive
RXCR1 RXCR2 data buffer register
(RXDBR)
Remote control receive Remote control receive
control register 1 control register 2

Figure 2-538. Remote Centrol Signal Preprocessor

2.10.2 Remote control signal preprocessor control
When the remote control signal preprocessor is used, operating states are controlled and monitored by

the following registers. Interrupt requests also use the remote control signal preprocessor / external
interrupt 3 input pin.

® Remote control receive control register 1 (RXCR1)

® Remote control receive control register 2 (RXCR2)

® Remote control receive counter register (RXCTR)

® Remote control receive data buffer register (RXDBR)
® Remote control receive status register (RXSR)

When this pin is used for the external interrupt 3 input, set EINT in RXCR1 to other than®11”.
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Remote control receive control register 1

RXCR1 7 6 5 4 3 2 1 0
1 1 T T
(OFDOW) [ mcex  |ReOLs|  ent | RNC | {nitial value : 0000 0000)
00: fe26  [Hz]
. 01: fg28
RCCK | 8-bit up-counter source clock select 10: fe/210
11: fg212
. . 0 : Positive
RPOLS | Remote control signal polarity select + : Negative

00: Rising edge

01: Fallingedge (whenRPOLS = 0)
10: Rising/Falling edge Read/
11: 8-bitreceivaend Write

EINT |interruptsource select

000 : Noisa canceler disable
001 : 2fex7-1fc [s]
010 : 25Hex7-1/fc

Noise canceller noise eliminating time {011 :  26/cx 7 - 1/fc

select 100 : 27Mcx7 - 1/c

101 ;. 28MHcx7-1/c

110 ¢ 210ex 7 - 1/fc

111 0 2ViHex7 - 1fc

RNC

Note 1:  fc, High-frequency clock [Hz]
Note2: After reset, RPOLS does not change the set value in the receiving remote control signal. For setting
interrupt edge and measurement data, use EINT and RMIM.

Remote control receive control register 2

axcRz2 7 6 5 4 3 2 1 0
OFDT) [ 7 crdea ' | ko | | (Initial value : 0000 0+00)
Match detect time (Tth) = 16 x CREGA/ RCCK [s]
CREGA Setting of detect time for match with CREGA=0y4toFy
8-bit up-counter upper 4 bits Example : CREGA = 2, RCCK = fc/26 [Hz] , at fc =8 MHz
Tth =256 {4s]
0: ter cl
RCS | 8-bit up-counter start control . ztOP and counter clear Read/
: Start : Write
00:
Measurement mode select (invalid 01:
AMM -8.
when EINT = "107) 10: Refer to table 2-8
11:
Note 1 : fc ; High-frequency clock [Hz], * don’t care
Note 2 : When an interrupt source is set far rising / falling edge, low and high widths are forcibly measured
separately.

Note 3 : Set CREGA {0y to Fy,) before EINT sets to §-bit receive end.

Figure 2-59. Remote Control Receive Control Register 1,2
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Remote control receive counter register

RXCTR 7 & 5 4 3 2 1 0

(0FD2y) [ ' ' l l I ' I ] Read Only
(Initial value : 000G 000Q)

Remate control receive data buffer register

7 6 5 4 3 2 1 0

RX
(0FD3y) L I ! I ' I ' l ] Read Only
(Initial value : 0000 0000)

Remote control receive status register

7 6 5 4 3 2 1 0

RXSR, Y | LA [ [ovrr [ sana [ancm | (Initial value: 0000 » 000)

RBCTM | Receive bit counter value monitor

: fi
OVFF | 8-bitup-counter overflow flag 0: Nooverflow
1: Overflow Read
N . 0 : Measurement data < when Tth = 0" Only
SRM | Data buffer register input monitor 1: Measurement data > when Tth = “1°

Remote control signal monitor after

RNCM . .
passing through noise canceller

Note : *; don’t care

Figure 2-60. Remote Control Receive Counter Register, Data Buffer Register, Status Register
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Table 2-8. Combination of Interrupt Source and Measurement Mode

RPOLS EINT RMM Interrupt source Measurement mode
00 [
T Ly L
00 10 T_l_f l — priee —
1 I-(—)- <—a—|
o — =
01 10 { ] { ——>| |<+| |<—
0
1" |<—>| |~q—>‘
| g PO PP
10 - | _ i | el
00 II S o
1 Receive end
10 ] - -
00 II 'II I!
00 10 | % l 1 B <—>|
i ' —_ - -
01 e e
T —
o1 10 -] e
1 S I R S = S
" — Py -—
10 O T T A e e R
0s — ==
11 Receive end
10 |<-»-| ‘-1—1—'
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2.10.3 Noise Elimination Time Setting
The remote control receive circuit has a noise cancelier. By setting RNC in RXCR1, input signals shorter
than the fixed time can be eliminated as noise.

Table 2-9. Noise Elimination Time Setting

RNC Minimum signal pulse width atfc=8MHz MaXimum,no_ise widthto be atfc=8MHz
eliminated

000 _— e

001 (25+ 5}/ fc [s] 463 ] (2Zx7-1)Ifc [s] 338  [us])
010 (28 + 5}/ fc 32.63 (25x7-1)/fc 27.88

011 (29 +5)/fc 64.63 (26x7-1)/fc 55.88

100 (210 + 5}/ fc 128.63 (27 x 7~ 1)1 1c 111.88

101 (211 + 5}/ fc 256.63 (28x7-1)/1c 223.88

110 (213 + 5)/ fc 1.025 [ms] (210x7-1)/fc 895.88

111 (214 + 5} / ¢ 2.049 (211 x 7 =1}/ f¢ 1.792 [ms]

2.10.4 Operation
(1) interrupis atrising, falling, or rising / falling edge, and measurement modes

First set EINT and RMM. Next, set RCS to “1"; the 8-bit up-counter is counted up by the internal
clock. After measurement, the 8-bit up-counter value is saved in RXCTR. Then, the 8-bit up-
counteris cleared, an INT3 request is generated, and the 8-bit up-counter resumes counting.
If the 8-bit up-counter overflows {FFQ) before measurement is completed, an INT3 request is
generated and the overflow flag (OVFF) is set to “1”. Then, the 8-bit up-counter is cleared. An
overflow can be detected by reading OVFF by the interrupt processing. To restart the 8-bit up-
counter, set RCSto “1”.
Setting RCSto “1” zero-clears OVFF.

3-37-95

www.DataSheet4U.com



TMP87CH37/K37/M37

MAINTENANCE

TOSHIBA

(0 = $10dY) Heyd Sutwi] 3dnuisiu) 3bp3 Buisty "19-g inbiy

juswalinseaw yIpim ybiy (2)

D% % %

wﬂﬂnﬁaﬂ@ﬂﬂ;zaﬁ@ﬂggg

IuswInseaw (34> abpa Butsiy (q)

w X \ X

DO D EEEEOEOEOEEO0 OEEEX

JUBWAINSEAW YIPIM MGT ()

oY _\ X

wgufﬁﬂ@ﬂgg@g‘g

| |
ooy Uiy ot

H1DXH

anjeA Ja3unod

-dn ug-g

¥.LOXY

2NjeA 123unod
-dn 110-g

¥L0Xy

an|ea 1alunod
-dn 110-8
152nbau

ELNI

A0

INDNY

3-37-96

www.DataSheet4U.com



TMP87CH37/K37/M37

MAINTENANCE

TOSHIBA

(0 = S104Y) Heyd buiwi g ydnuaiu) 8bp3 Buljey zg9-z 2inbiy

JUswiainseaw yipim moj (3)

.7

1uswaInsealw 3243 36pa buljje4 (q)

w X
5%5 EXXD)

swaInsesw yipim ybiy (e)

D%
A XEIXED

u X | X
mﬂﬂifﬂﬁ@ﬂgg EXDY XXX
Il |

o e

A | A

¥ioxy

2M|BA 131UNOY
-dn ua-g

YLOXY

2N[_A I2UNGD
-dn 1g-g

d.L0Xd

2N|2A JIIUNGCD
-dn ug-g

1sonhal

© ELNI

A20

INDNY

3-37-97

www.DataSheet4U.com



TMP87CH37/K37/M37

MAINTENANCE

TOSHIBA

weyd Sujun g ydnusiu) abp3 Buy(ed/Guisty "€9-C ainbiy

1UBWRINSEAL YIPIM MO| pue YBiY (&)

X X . Y i

an|eAa J123uNod
000D OA0NDNE 0 L X XEXETX “dn g
sonbai

_._| _._ _._ ELNI

A Y A ININY

3-37-98

www.DataSheet4U.com



TOSHIBA MAINTENANCE TMP87CH37/K37/M37

(2) 8-bitreceive end interrupts and measurement modes

By determining one-cycle remote cantrol signal or one-pulse width as one-bit data “0” or “1”, an
INT3 request is generated after 8-bit data is received. When “0" is determined, this means the
upper four bits in the 8-bit up-counter have not reached the CREGA value. When 1" is
determined, this means the upper four bits in the 8-bit up-counter have reached or exceeded the
CREGA value. The 8-bit up-counter value is saved in RXCTR after one bit is determined. The
determined data is saved, bit by bit, in RXDBR at the rising edge of the remote control signal
(when RPOLS =1, falling edge). The number of bits saved in RXDBR is counted by the receive bit
counter and saved in RBCTM. RBCTM is set to “0001B” at the rising edge of the input (when
RPOLS = 1, falling edge) after the INT3 request is generated.

\\

RNeM | ((

8-bit up- = 2) AZ
counter value i {d e

A Settc “1” by command.
RCS ((

QVFF \)8 / : ' -
BT GO 10
\/ by

RBCTM. n-1 Xn [ Vd
s ) L

Note : *; Valid only when 8 bits are received.

Figure 2-64. Qverflow Interrupt Timing Chart
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2.11 6-bit A/D Conversion (Comparator) inputs
The comparator input is an analog input to discriminate key input or AFC (Auto Frequency Control) signal

input, etc. The analog input voltage level (pins CIN3 to CINO) can be detected as 64-stage by setting
reference voltage.

The comparator input pins CIN3 to CING can also be used as ports P57 to P54.
When used as a comparator input, the output latch should be set to “1".

2.11.1  Configuration

Comparator input control register
CMPCR
oCIN 3 + EChP Comparison result register
PST(CING) O— _ \l CMPDR
PS6 (CIN2) F— ¢ 5 l
PR
POSICNT O— E E 6-bit D/A convertor Vege COUT3 to COUTO
P54 {CINC) D-—‘ {TSVREF Comparator
CMPDR o
Comparator input reference voltage setting register

Figure 2-66. 6-bit A/D Conversion (Comparator) Inputs
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2.11.2 Control

A/D conversion {comparator) inputs are controlied by 3 comparator input control register (CMPCR) and a
comparator input data register (CMPDR). The CMPDR contains a reference voltage setting register
(write-only) and a comparison result register (read-only).

Comparator Input Control Register
7 6 5 4 3 2 1 0
CMPCR e T T
(000Ew) | ECMP § i | SCiN il (Initial value : - Oxx+ *000)
oMP ic . | 0 : Disable Comparator input
E omparator input contro 1 : Enable Comparatarinput
000 : 1 channel (CINO} write
Number of Comparator 001 : 2 channels (CINOto 1) only
SCIN . 010 : 3 channels(CINDto 2)
h |
input channels select 011 : 4 channels(CINOto 3)
1% Reserved
Note? : = don’tcare
Note2 © The CMPCR is a write-only register and must not be used with any of the read-modify-write
instructions such as bit operate, etc.
Comparator Input Data Register
3 2 1 0
CMPDR SVREF , \ J (Initial value :  **00 G000}
(000Fy)
[couts]cout2 [coutt {couTo |
Reference voltage (Vpgp) ] write
F =Vppx (SVR 4 [V VREF =
SVRE setting Vree = Vpp X (SVREF + 1) /64 (V] (SVREF=0to 63) only
COuUT3 ; ; :
| Cl L d
to Comparison result Result of c.omparmg the CIN3 to CINO pin analog input rea
CouUTo voltage with the reference voltage. only
Note1: *, don’tcare
Note2: The SVREF has write-only bits and must not be used with any of read-modify-write instructions suchas
bit operate, etc.
Note3: When a read instruction for CMPDR, bits 7 ta 4 are read in undefined data.

Figure 2-67. Comparator Input Control Register and Data Register
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2.11.3 Function
Reference voltage (Vgrer) is set with SVREF (bits 5 to 0 in CMPDR).

VREF = VDD X (SVREF + 1) / 64 [V] (SVREF = 0 to 63)

The number of comparator input channels is selected with SCIN (bits 2 to 0 in CMPCR). Sequential
comparison of the selected number of channeis is started by setting ECMP (bit 7 in CMPCR) to "1”".

The comparison of one channel requires two machine cycles; therefore, the comparison result register
(COUT3 to COUTO) should be read out at an interval equal to [number of channels x 2 machine cycles]
after setting the reference voltage (Vper). COUT3 to COUTO are set to “1” if the input voltage {pins CIN3
to CIND} is higher than the reference voltage {Vref) ; otherwise those are cleared to “0".

Note T : When entering STOP mode, ECMP is automatically cleared and SCINISVREF are held. And,
COUT3 to COUTO are always set to “1”. '

Note 2 : Any pins specified for comparator input with SCIN can no longer be used for normal digital
input and, are read outas”0”.

Note 3: COUT3 to COUTO are read out as "1” when not used as a comparator input, For example,
bit 3 in CMPDR is always read outas “1” when SCIN =010,

Example : Comparatesthe CIN3 to CINO inputs with VRer=2.5V (at Vpp =5 V).

LD (P5), 11111111B 3 Setport P5 outputlatchesto “1”.

LD (CMPDR), 00011111B ; SetVREF=2.5V

LD (CMPCR), 10000011B ; SetSCIN to 4 channels and Enables comparator input

; 4chx 2 machine cycles -2 = 6 machine cycles wait.

LD A, (CMPDR) ; Read CMPDR (COUTO to COUT3).

Table 2-11. Reference Voltage (at Vpp=5V)
— SVBEF - Veer [V
5:4:3:2:i1:0
000 0 0 01 . 0.078 .
0.0 0 0. 0 1. 0.156 .
Lo 0 6 1ol 0234 .
o= P ==
A1 0 1| agas
Ao el 4922
1 1 1 1 1 1 5.000
3-37-103

www.DataSheet4U.com



TOSHIBA MAINTENANCE TMP87CH37/K37/M37

2.12 Pulse Width Modulation Circuit Qutput
87CH37/K37/M37 has a 14-bit resolution pulse width modulation (PWM) channel and 9 7-bit resolution
PWM channels. D/A converter output can easily be obtained by connecting an external low-pass filter.
PWM outputs are multiplexed with general purpose /O ports as; P40 (PWMO) to P47 {(PWM7), P50
(PWIVIB), P51 (PWWIG). When these ports are used as PWM outputs,the corresponding bits of P4, P5
output latches and input/output control latches should be setto “17.

2.121 Configuration
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2.12.2 PWM Output Wave Form
(1) PWNO output

This is 14-bit resolution PWM output and one period is Ty = 215/c [s].
The 8 high-order bits of the PWM data latch control the pulse width of the pulse output with a
period of Tg (Ts = Tiy/64), which is the sub-period of the PWIMO. When the 8-bit data are decimal n 0
= n= 255), this pulse widih becomes n x tg, where tg = 2/fc.
The lower 6-bit of 14 bit data are used to contro! the generation of additional to wide pulse in each
Ts period. When the 6-bit data are decimal m (0 = m= 63), the additional pulse is generated in each
of m periods out of 64 periods contained in a Tra period. The relationship between the 6 bits data
and the position of Ts period where the additional pulse is generated isshownin Table 2-12.

Table 2-12. Correspondence between 6 Bits Data and the Additional Pulse Generated Ts Period

Bit position of 6 bits data

sted)

Reiative position of Ts where the outFut pulse is generated.
(Number i of Tg g is

INote : When the correspanding bit is “1~, it is output.—|

{2) PWM1 to PWM9I outputs

These are 7-bit resolution PWM outputs and one period is Ty =

28ffc [s]. When the 7-bit data are

decimal k (0 = k = 127), the pulse width becames k x tg. The wave form is illustrated in Figure 2-69.

|

g
5

Tm=64Tg

Ts )

Tsq)

nxty

Note 1
Note2 :

-~

]

=

Pulse width=n x tg

- Tp —>|

Pulse width= {n+ 1)1y

<l

Ts(63)

e

l‘—>| Puise width =k x t,

It is shown to the additional pulse Ts ;) and Ts (53) of the PWHO.
Ts =29fc (64 us, at fc =8 MHz), Ty = 28/fc (32 us, at fe =8 MHz)

Figure 2-69. PWM Output Wave Form
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2.10.3 Control
PWM output is controlled by PWM Control Register (PWMCR) and PWM Data Buffer Register (PWNMDBR).
The status of transfer PWM data from PWMDBR to PWM data latch is read by PWMEOT of PWM status
register (PWMSRY).

PWM Control Register

2 1 0
PWMDLS | (tnitial value **** G000)

PWMCR
(0025H)

0000 : Lower 6-bit of PWMO
0001 : 8 High-order bits of PWMO

0010 ; PWM1
0011 : PWM2
0100 : PWM3
selection of PWM data iatch 0101 = PWM4 write

PWMDLS 0110 : PWMS

and request of data transfer 0111 : PWMI6 only
1000 : PWM7
1001 : PWMS8
1010 : PWMS
1011 : reserved
1100 : PWM Data Transfer Request
1101 : reserved
111* : reserved
Note : *; don‘tcare
PWM Status Register
LN S S E O SV S
(002511 AR T e Do (nidalvalve 01111111)
PWMEOT |End of PWM data transfer flag | O Ed of Transfer read
1 : Under Transfer only

PWM Data Buffer Register

7 6 5 4 3 2 1 0
I(Dggé\gal)m l : : : § J write only

Figure 2-70. PWM Control Register / PWM Status Register / PWM Data Buffer Register
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(1) Programing of PWM Data

PWM outputis controlled by writing the output data to data latches.
The sequence of writing the output data to data latch is shown as follows;

1. Write the channel number of PWM data latch to the PWMDLS.
2. Write PWM output data to the PWMDER.
3. Write "0Cy" to the PWMCR.
When transferring of the output data is completed, the PWMEQT becomes "0”, indicating that
the next data can be written. Do not write PWM data when the PWMEQT is “1" because write

errors can accur in this case

Note: When writing the output data to PWMO data latch, write “0Cy” to the PWMCR after |
writing of the 14-bit output data is completed.

While the output data are being written to the data latch, the previously written data are being
output. The maximum time from the paint at which "0CH" is written to the data iatch until PWM
output is switched is 215/fc [5] (4.096 ms, at fc = 8 MHz) for PWMO output and 294c [s] (64 us, at fc=8

MHz) for PWM1 to PWMS output.

Example : PWMO pin outputs a PWM wave form with a low level of 32 x5 width and no additional

pulse.

PWM1 pin outputs a PWM wave form with a low level of 16 uswidth,
PWM2 pin outputs a PWM wave form with a low fevel of 8 s width.

Note : at fc=8 MHz

LD (PWMCR), OOH Select lower 6-bit of PWMO

LD (PWMDBR),  Q0H No additional pulse

LD (PWMCR), O1H Select 8 high-order bits of PWMO

LD (PWMDBR), 80H 32 us+2/fc=80y

LD {PWMCR), OCH Request PWM Data Transfer
WAITO : TEST (PWMSR), 7 PWMEQT =0?

JRS F, WAITO

LD (PWMCR), 02H Select PWM1

LD (PWMDBR),  40H 16 us = 2/fc =40 4

LD (PWMCR}, OCH Request PWM Data Transfer
WAIT1 : TEST (PWMSR). 7 PWMEQT =07

JRS F, WAIT1

LD {PWMCR), O03H Select PWM?2

LD {PWMDBR), 20H Sus+2/c=20y

LD {PWMCR), OCH Request PWM Data Transfer
WAITZ : TEST (PWMSR). 7 PWMEQT =07

JRS F, WAIT2
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2.13 Pulse Output Circuit (PULSE)

Pulse output circuit generates the pulse clock of duty 50 % by dividing the High-frequency clock.
The pulse output is used for the basic clock for the PLLIC or peripheral ICs. When P52 port is used as the

pulse output, set P52 outputlatch to “1%.

Pulse output control command register

PULSECR ot oo oo T J E (Initial value  *+++ 111%)
(00274) PP O S PP I 1

000 : fo27 [Hz) ( 62.5kHz, fc= 8 MHz)

001 : fu26 { 125 kHz, e )

010 : fo/23 ( 250 kHz, - )

SPF Select pulse frequency 011 : fg24 ( 500 kHz, )

100 : /23 ( 1 MHz, - )

101 : fa22 ( 2MHBz, 4 )

110 : reserved
111 : Disable the pulse output

Read/
Write

Note : fc; High-frequency clock +; don‘tcare

Qutput latch

QOutput data =D Q P52 (PULSE)

Selecter

fc/27 A
fes26 >—— B
fe/25 >— C
f/2a — 0
fes23 y——1E
1022 3——| F

VDDL
H S

3‘;/

SPF

r PULSECR J

Pulse Output Control Command Register

Figure 2-71. Pulse Qutput Circuit
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2.14

On-Screen Display (OSD) Circuit

The TMP87CH37/K37/M37 features a built-in on-screen display circuit used to display characters and
symbols on the TV screen. 288 characters in any of 128 character fonts can be displayed in 24 characters x

12 rows.

OSD circuit functions are as follows:

Charactersizes
Display colors

ORPOOC

Number of character fonts 128 (including the “blank” character)
Number of display characters 288 (24 characters x 12 rows)
Composition of a character

14 x 18 dots

3 (selectable line by line)
Character colors 8 (selectable character by character)
Fringe calor 8 (selectable page by page)
Background color : 8 (selectable page by page)

® Fringing function (for large, middle, and small characters)
@ Smoothing function (for large and middle characters)
® Display position horizontal 128 steps; vertical 256 steps
) Full-raster blanking function
@ 8linking function
@ Reverse function
@ Reverse Blinking function )
@ Window function
2.14.1 Configuration
ﬁ :NtTOSDt
osci — . ,. Interrup
D_’ Oscci|liiti|ton X _’_! 05D control | ;squest
osc2 { [« L _ _
LHorlzantal position I -
counter >
. b»| Display memory 2
P70(HD) [] } 24 12 x 13 bits Vs B
Horizontal paosition F Character © |B 1> _’D Pe7(Y/8L)
decoder code — |5
ols |5t ]res®
—={ Character ROM —J\~ = oo 65 (G
Ve position | 28 1axsbits | V| 2y R[S ]S
counter Character|-- o - _)_D P64 (R)
— Qv
P71 (VD) [} 4 4; data o
Vertical positioﬁr_l
decoder

Figure 2-72. OSD Circuit
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2.14.2 Character ROM and Display Memory
(1) Character ROM
The character ROM contains 128 character fonts. The user can set fonts as desired. The character
ROM consists of 128 characters in 14 x 18 dots (character codes 00H to 7FH). Each dot corresponds to
one bit in the character ROM. When a bit in the character ROM is set to “1" the corresponding dot is
displayed; if set to “0”, the dot is not displayed. The start address in the character ROM
corresponding to a character code is determined by the following expression:
Start address in character ROM = CRA x 40y + 40004
Since character code 004 is used as blank character, the character font for this character code cannot
be changed. Write "0” in the data of character code 00k.
Set all unused bits (bit 7 with Oy to 8y in the lower 4-bit of an address) to "1 and write the data
“FFy" to all unused address (the lower 4-bit of an addréss are 9y to Fy) in character ROM.
Figure 2-73. (a) shows an example of the character font configuration for the character code 004 and
01x, together with the ROM addresses and data.
Figure 2-73. (b) shows the character ROM dump list for these 2 character fonts.

Note T : CRA ; Character code (00H to 7Fu)
Note 2 : A data can not be read from the character ROM by software. .
Note 3 : When ordering a mask, load the data to character ROM at addresses 4000y to 5FFFy.

Address |Data |7 Bit Bit Adress |Data padress |Data |7 Bit " Bit - |Address | Data
(Hex) |{Hex) | 6543210654321 0 | (Hew |(Hex (Hex) |MHexy (6543210654321 0 | Hexy |[(Hex
4000 80 4020 80 4040 80 HEEE 4060 80
4001 80 4021 80 4041 80 | 4061 80
4002 80 4022 80 a04az 83 4062 E0
4003 a0 4023 80 4043 sc |1 | 114063 8
4004 a0 4024 80 4044 90 4064 FC
4005 80 4025 80 4045 Al 4065 BE
4006 80 4026 80 4046 Al 4066 BE
4007 80 a027 80 4087 ca 4067 FF
| A0DR R0 4028 | 80 | lapaR 1 () {ANGR | FF
4010 80 4030 80 4050 0 4070 FF
2011 80 4031 80 4051 cC 4071 €7
4012 80 4032 80 4052 aC 4072 E6
4013 80 4033 80 4053 AQ 4073 FE
4014 80 4034 80 4054 ap 1 | 4074 FC
a015 a0 4035 80 4055 8C 4075 F3
4016 80 4036 80 4056 83 4076 €0
4017 20 4037 80 4057 80 4077 80
Lamﬂ__._m_ 4038 20 Lgasa /0 | [N Lgm__un_
(Character code 00u) (Character code 01y)

a) Character font configuration

4000/ 80 80 80 80 80 80 80 80 80 FF FF FF FF FF FF FF
4010/ 80 80 80 80 80 80 80 80 80 FF FF FF FF FF FF FF
4020/ 80 80 80 80 80 BO 80 80 80 FF FF FF FF FF FF FF
4030/ 80 80 80 80 80 80 80 80 80 FF FF FF FF FF FF FF
4040/ 80 8D 83 8C 90 Al A1 CO CO FF FF FF FF FF FF FF
40507 CO CC AC AG 90 8C 83 80 80 FF FF FF FF FF fF FF
4060/ 80 80 EO F8 FC BE BE FF FF FF FF FF FF FF FF FF
4070/ FF E7 E6 FE FC F8 EO 80 80 FF FF FF FF FF FF FF

{b) _ROM dump list
Figure 2-73. Character Font Configuration and ROM Dump List

(2) Display memory

Each character out of the 288 characters displayed in 24 characters x 12 rows consists of 13 bits in the
display memory. Five data items are written to the display memory: character code, color data,
blinking specification, reverse specification, and reverse blinking specification. The display memory
contents become unstable after the reset operation is released.

There are two modes for writing display data to the display memory. One mode is for writing all
display data {character code, color data, blinking specification, reverse specification, and reverse
blinking specification) simultaneously. The other mode is for changing either character code or
character ornamentation data (color data, blinking specification, reverse specification, and reverse
blinking specification). How the display data is written to the display memory is described in section
2.14.3(18).
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Display memory configuration
¢ Character code specification register (7 bits) - CRA610 0

® Color data specification register (3 bits) "+ RDT/GDT/BDT
® Blinking specification register (1 bit) -+ BLF
® Reverse specification register {1 bit) - RVF

® Reverse blinking specification register (1 bit) -~ RBF

lABBF | RVF ’ BLF l RDT l GDT l BDT ICRAG ICRAS |CRAA ICRA3 |CRA2 lCRAf |CRAO|

\_F_/ \ 7\ /
Color data Character code specification register
specification register

Blinking specification register

Reverse specification register

Reverse blinking specification register

Figure 2-74. Display Memory Bit Configuration

k:narade
o 11213 (a5 (6|7 891011 ]12|13]1a|15116]17|18|19({20{21]22]|23]24
1 000[001002]003 [004 |005 [006 |007 008 [ 009 [00A |00B [00C [00D|00E[00F [010]011 012 [013]014]015]016|017 -
2 1020]021/022|023 024 [025|0261027|028 029 |02a 028 [02¢ [020]02E | 02F [0301031] 032|033 034 035 1036 | 037 '
3 0401041 057
4 fo60]o61 ~— 077
5 080|081 097
& [oacioal \ 087
7 locojoct N\ 0D7
8 QEOQ |OE1 OF7
a |10o]101 N 17
10 20121 137
11 140141 | ~ 157
12 |sof161 — 176(177
Note: Numerals in the table indicate (hexadecimal) addresses in the display memary.

Figure 2-75. Display Memory Address Canfiguration

2.14.3 OSD circuit control

The OSD circuit is controled by using the OSD control registers assigned to addresses 0F80y to OF9Ay in
the data buffer register (DBR). For write to or read from the OSD control registers, see section 2.14.3 (19).
The QSD control registers are used to set display start position, display character ornamentations (that is,
fringing, smoothing, color data, character size, and etc.), display memory addresses, character codes, and
etc. :

After all settings are complete, setting the display on-off control bit, EDISP (bit 0 in ORDON) to “1"
enables display (starts display). Setting EDISP to “0” disables display (halts display).

I&)te : The contents of OSD control registers are not initialized in STOP mode.

(1) Display position
The horizontal display start position can be setin 128 steps. The vertical display start positions can be
specified for each line using 256 steps. The horizontal display start position is set with OSD control
registers H516 to HS10 (bit 6 to 0 in ORHS1). The vertical display start position of the line 1 is set with
V517 to V510 (in ORVS1). The vertical display start position of the line 2 to 12 are determined by
setting V527 to VS20 ... VS127 to V5120 (ORVS2 to ORVS12) in the same way.
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Horizontal display start position
Specification unit: Display page
specification steps : 128
Specification horizontal display start position :  Line 1to 12 HS16 to HS10

When FORS is “0” (Normal mode)
HS1=(H516 to HS10) 4 X 2Tosc + 10Tosc (Linel to 12)

When FORS is “1” (Double frequency mode)
HS1 = (H516 to H510) yx 2Tosc + 6Tosc (Line1to 12)

Note :Tosc; One cycle of OSC oscillation

Vertical display start position
Specification unit: Line
Specification steps : 256

Specification vertical display start position : ~ Linel :© VS17to VS10
Line2 © VS27to Vs20
Linet2 : WVS$127toV$120
HD

VS1 Vvs2  |VS3  |vs4 VST |VSiZ

s T T T I L]
pEEERiERIENINANEREEE

Line 3

Lined

Line?7

Line 12

C \ W,
{Settings)

Lines1,2,7,and 12 . Display on, smail character
Line 3 :  Display on, middle character
Line 4 . Display on, large character
Lines5,6,8,9,10and 11 : Display off

Figure 2-76. TV Screen lmage
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When VDSMD is “0” (Normal mode)
Line n: VSn =(VSn7 to VSn0} 4y x 2THp (n;1t012)

When VDSMD is “1” (Double scan mode)
Line n : VSn = (VSn7 to VSn0) 4 x 4THp (n;11t012)

Notel : Typ . One cycle of HD signal
Note2 : If display lines are overlapped each other, previous display line is enabled and next fline is
disabled. Set the vertical display start position not to overlap display lines.

VS5 {display on, small character)

e B N\
V53 (display on, small character) > %/////% --------------------------

Occasion of overlapping

e e ———

Note3: The line which is displayed off is managed as a small size character line. It is
recommendable that its vertical display start position should be set out of TV screen.

Noted : Transfer the contents of vertical display start position registers into OSD circuit before the
position of the scanning line coincides with their own vertical display start position

(2) Double scan mode
The double scan mode is used to handle non-interlaced scanning TV. When double scan mode is
enabled, the vertical display counter increases every 4 scan lines and a vertical dot size is double. This
function is enabled by setting VDSMD (bit 3 in ORETC) in the OSD control registerto "1”.

Scan mode select register (1 bit) - VDSMD (bit 3 in ORETC)
"Q" -+  Normal mode
"1" -+  Doublescan mode

(3) Double frequency mode
The double frequency mode is used to display OSD by the OSC frequency doubled. When this
function is enabled, the clock which is doubled by a clock doubler is inputted into an OSD circuit.

A g 00
Clock circuit
0sc doubler B S
L FoRs

It JFIrL

This function is ebabled by setting FORS (bit 4 in ORDON} in the OSD control registerto "1”.

0OSC frequency select register (1 bit) - FORS (bit4in ORDON)
0" - Normal made
"1" - Double frequency mode
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(4) Charactersizes and display on/off
Character size can be selected line by line from 3 sizes. And display on / off also can be set line by
line. Small, middle and large character size and display on / off can be set with OSD control registers
€511, €510...€5121, C5120 {ORCS4, ORCS8, and ORCS1 2) in the OSD control registers.

Character sizes 3 sizes (Small, middle and large)
Character size and display on / off specification unit : Line
Character size select/display on / off register (2 bits x 12)
Line1: €S11andCS10
Line2: CS$21andCS20

Line 12: €S121and C5120

Table 2-13. Character Size and Display On/ Off Specifications(n; 110 12)

o5ni Csn@ Character size Display on/off
1 1 Small On
1 Q Middle On
0 t Large On
0 0 - Off
Note: The line which is displayed off is managed as a small character size line by the overlap of vertical
display start position, the display line counter function, and etc.
Table 2-14. Dot and Character Sizes
vDSMD = Q VOSMD =1
{Normal mode} (Double scan mode)
Dot size Character size Dot size Charactersize
Small 1Tosc X 1THD 14Tose X 18 Tup 1Tosc X 2Two 14 Tasc X 36 Typ
FORS = 0
Midd 2T, 27 28T, x 36 27 47 28T 72T
(normal mode) iddle osc X 2THp osc THD osc X 4 Tho osc X 72 Tup
Large 4Tosc X 4 THp 56 Tase X 72 Tho 4Tosc X 8 THp 56 Tosc x 144 Tup
FORS = 1 Small 0.5Tose % 1 Tup 7 Tosc X 18Tup 0.5Tpse X 2 Thp 7 Tose X 36 Tup
{double frequency Middle 1Tose X 2Tup 14 Tosc x 36 Typ 1 Tose X 4 Tho 14Tosc X 72 Tup
mode) Large 2Tosc X 4Tup | 28BTosc x 72Tup | 2Tose x 8Tup | 28Tosc % 144 Tup

(Note : Tosc; One cycle of OSC oscillation Tup; One cycle of HD signal
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(5) Smoothing function
The smoothing function is used to make characters look smooth. Enabling smoothing displays 1/4
dot between two dots connecting corner to corner within a character. Small size character can not
be enabled smoothing. Smoothing is enabled by setting ESMZ (bit 4 in ORETC) in the OSD control
registerto “1".

Smoothing specification unit: Display page

Smoothing specification register (1 bit) - ESMZ (bit 4 in ORETC)
- “0" - Disable smoothing
1" Enable smoothing

{6} Fringing function
The fringing function is used to display a character with a fringe width is 1/2 dot in a different color
from that of the character. For smail characters, fringe width is 1 dot. When a character is displayed
with the maximum of 14 vertical dots and 18 horizontal dots, the fringe exceeds tight and left, top,
and bottom of the character display area. The exceeded fringe can be displayed; however, display
characters have higher priority to fringe horizontally.
Fringing is enabled for each line by setting EFR1 to EFR12 (OREFR and bit 3 to 0 in ORP6DS) in the
OSD control register to “1”.
A color for fringe is specified common to all lines using OSD control registers, RFDT, GFDT, and BFDT,
(bit 2 to 0 in ORBK). '

Fringing specification unit: Line

Fringing enable register {1bitx 12) - EFRn{n: 1to 12) (OREFR and bit 3 to 0 in ORPEDS)
"0* - Disable fringing
“1" - Enable fringing

Fringe color specification unit: - Display page
Fringe color register (3 bits) - RFDT, GFDT, BFDT (bit 2 to 0 in ORBK)

Note : When a display line is enabled fringing function, its vertical size is increased by one dot
(by two dots when its character size is small) independent of its character font.
Therefore, when a vertical display start position is specified to no space between the
lines, the display line which is overlapped with increasing dot (s) is canceled.

1 | | I1 [T
| 1 — [
us if|immn=nu
[ i H ]:
o B
[ L] ]
.| ] o =
— | I | M—
—
|
11
{a) Smoothing (b) Fringing {c) Priority of Smoothing and Fringing

Figure 2-77. Smoothing /Fringing/Pricrity of Smoothing and Fringing
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(7) Background color function
Background color function is used to color the entire background for the character area {14x 18
dots). Except the character area whose character code is 00n.
This function is specified for each display page by setting EBKGD (bit 7 in ORBK) in the OSD control
registerto “1".
A background color is specified for each display page by setting RBDT, GBDT, and BBDT (bit5to 3 in
ORBK) in the OSD control registers. A color specification is same as them for full-raster blanking.

Background specification unit: Display page

Background enable register (1 bit) -~ EBKGD (bit7 in ORBK)
“Q“ .. Disable background
“1" .. Enable background

Background color specification unit:  Display page
Background color specification registers (3 bits) - RBDT, GBDT, BBDT (bit 5to 3 in ORBK)

Note: When the background color function is used, the blank character {Code 08y) can not be used as
the first character on the fringing line.

(8) Full-raster blanking function
Full-raster blanking function is used to color the entire background for the display area (TV screen).
When using the full-raster blanking function, set YBLCS (bit7 in ORETC) to ¥1", output BLsignal from
Y/BL pin, because Y signal cannot delete whole display page from video signal.
This function is specified for each display page by setting EXBL (bit 6 in ORBK) in the OSD register to
“1"_ Color specification is same as them for background color.

Full-raster blanking specification unit: Display page

Full-raster blanking enable register (1 bit) -+ EXBL(bit & in ORBK)
»g* .. Disable full-raster blanking
“1“ .. Enable full-raster blanking

Full-raster blanking color specification registers (3 bits) - RBDT, GBDT, BBDT {(bit 5to 3 in ORBK)

{9) Reverse function
This function is used to reverse the backgreund and character colors. However, when fringing is

specified, the fringe color does not change. If background function is not used, background color is

black.
Reverse function is enabled by setting RVF (bit 4 in ORDSN) in the OSD control register to “1".

Reverse specification: Character

Reverse enable register (1 bit) -~ RVF (bit4in ORDSN)
“0" -- Disablereverse
“1* .. Enablereverse
3-37-116

www.DataSheet4U.com



TOSHIBA MAINTENANCE TMP87CH37/K37/M37

(10) Reverse blinking function
Reverse blinking function is used to reverse the background and character colors.
When RBMF is "1”, characters specified for blinking by RBF are reversed the background and
character colors. However, when fringing is specified, the fringe color does not change. If
background function is nat used, background color is black. '

Reverse blinking specification unit: Character
Reverse blinking specification register (1 bit) - RBF (bit 5 in ORDSN)

“0" -+ Noreverse blinking
"1™ -+ Reverse blinking
Reverse blinking master specification register (1 bit) - RBMF (bit 5 in ORETC)
“0" . Disable reverse blinking
“1" . Enable reverse blinking
(Characters whose RBF is set to “1" are reversed the background and character
colors.)

Table 2-15. Display Mode

RBF RVF RBMF Display
0 * Normal
1 * Reverse
0 Normat
1 0 ____________________________
1 Reverse
1 1 * reserved

* . don'tcare

{11} Blinking function
Blinking function is used to blink display characters.
When BKMF is “1”, characters specified for blinking by BLF are not displayed. (If the background
color function is used, the background calor is not disappeared.)

Blinking specification unit: Character
Blinking specification register (1 bit) - BLF (bit 3 in ORDSN)

“0” - Noblinking
“1* - Blinking
Blinking master specification register (1 bit) - BKMF (bit 6 in ORETC)
“0" - Disable blinking
“1" - Enable blinking (Characters whose BLF are setto “1" are not displayed.)
(12) Character

Characters: 128 (including blank character)

Character specification register (7 bits} -+ CRA6 to CRAD (bit 6 to 0 in ORCRA)

Character code "004” -+ Blank character

Character code "014" ta “"7Fy" -+ User programmable by character ROM
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{13) Character colar
Character colors: 8

Character color specification unit: Character
Character color specification register (3 bits)

RDT/GDT/BDT (bit 2 to 0 in ORDSN)

Table 2-16. Character Color

RDT

GDT

BDT

Character Color

Black

Blue

Green

Cyan

0
1
0
1
0

Red

- |=JOo o |o |

-

Magenta

Yellow

= o |lo]l=|— |0 |O

White

(14) OSD interrupt
1) Display line counter

The display line counter indicates number of display line(s) by OSD circuit on the TV screen. The
display line counter is a 4-bit counter which is initialized to “0" by the failing edge of the VD signal and
which increments when last scanning of each display line is completed (falling edge of the HD signal).
It is necessary to be read out display line counter several times, because it does not synchronize CPU

ciock.

Display line counter register (4 bits) - DCTR (bit 3 to 0 in ORIRC)

“0000" - No display line is completed.
“0001” - 1'stdispiay line is completed.
“0010” -+ 2'nd display line is completed.
to
”1111" -+ 15th display line is completed.
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. Display fine
VDsignal  counter

5 <
e I 1'st Display Line Display on

-
- :'-2'nd Display Line -:l Display off
-— b mm——m—————m e ————— e ——— -
o~
l3'rd Display Line ] Display on
-

li’th Display Line with all blank characters l Display on

-
<t
,\'f
(o3

L10'th Display Line : | Display on
>< T
o
- |11’th Display Line I Display on
< T
- |12'th Display Line | Display on
> S
~

Note :The display line counter also increments when a line with all blank characters or a line with
display off is specified.

Figure 2-78. Display Line Counter

2}Interrupt generator circuit

An interrupt request is generated when a falling edge of VD signal or when line counter (DCTR) is
counted to the certain value specified by ISDC.

interrupt souce select register (1 bit) -~ SVD (bit4 in ORIRC)
“0" - Interrupt request generated when the display line counter (DCTR) is counted to the
certain value which is specified by ISDC.
“1" - Interrupt request is generated when a falling edge of VD signal.
Interrupt generation line specification register (4 bits) -+ I1SDC (bit 3 to 0in ORIRC)
“0000" -+ Interruptrequest generated when the display line counter is cleared.
“00017 - Interrupt request generated at end points of the last scanning line of the first
displey line
“0010" -+ Interrupt request generated at end points of the last scanning line of the 2'nd
display line
to
“1111" -+ Interrupt request generated at end points of the last scanning line of the 15'th
display line
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(15) P6 port output select function
This function is used to select whether the contents of port P67 to P64 will be outputor R, G, B, Y/BL
signals of the OSD circuit will be output on pins P67 to P64.

P& port output select registers (4 bits) PE7DS to P64DS (bit 7 to 4 in ORPEDS)

“1" .- R,G,B, Y/BLsignal output
“g" . Portcontents output

(16) OSD pin output polarity control function
This function is used to select the polarity of the OSD outputs for RGB and Y/BL.

Output polarity control register (3 bits) -- BLIV, YIV, RGBIV (bit 7 to 5 in OQRIRC)

Table 2-17. Control of OSD Qutput Polarity

Symbol Qutput port Data 0" Data "1”
BLIV BL Active High Active Low
YV Y Active High Active Low

RGBIV RGB Active High Active Low

(17) Y/BLsignal select function
This function is used to select either Y or BL signal output from the Y/BL pin.
Y/BL signal select register {1 bit) YBLCS (bit 7 in QRETC)
“Q" - Ysignal output
“1* . BLsignal output

Y signal Logical OR for R, G, B Character data, and Fringing data.
BLsignal -~ When EXBLis “0":
Qutput in all display character areas
{except for character code 00y: blank character)
When EXBLis “1":
Outputin the whole page

(18) Writing display data to the display memory
Data are written to the display memory using DMAS to DMAOQ, CRA6 to CRAD, RDT, GDT, BDT, BLF,
RBF, RVF, and MBK registers.

Display memory address specification register (9 bits) -~
DMAS to DMAD {bit0 in ORETC and ORDMA)

Display memory bank switching register (1 bit} - MBK (bit1in ORETC)

“0” -- Forchanging either character code or character ornamentation
“1" - Forchanging both character code and character ornamentation
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Note 1:

Note 2;

LD
LD

LD
LD
LD
LD

LD
LD
LD
LD

NOP
NOP

LD

NOP
NOP

LD

Note 3:

Example: Setting a character code (20y) to the display memory (Address : 1201 to 1214)

Don’t use the 2 bytes transfer operation such as [LOW (HL), mn] when accessing to
display memory.

When writing a data to the display memory immediately after setting the display
memory address to DMA, or when continuously writing a data to the display memory,
insert over 2 instruction cycles between the instrunction for writing a data.

Write the display memory address to DMA
A

1

1 Over 2 instruction cycles
Y

Write a data to the display memory
A

Over 2 instruction cycles
¥
Write a data to the display memory

HL, ORCRA ; Set ORCRA addressto HLreq.

A, 20H ; Load character code to A reg.

DE, ORDMA ; Setlower 8-hit addresses to DMA7 to 0

(DE), 20H

DE, ORETC ; Setthe most upper address to DMAS and set MBK to “0"
(DE), 00000001B :

DE, ORDMA ; Setlower 8-bit addressesto DMA7 10 0

(DE), 20H

DE, ORETC ; Set the most upper address to DMAS and set MBK to “0”

(DE), 000000018

; Insert 2 instruction cycles

{HL}).A ; Write a character code to display memory (Address : 120H)

; Insert 2 instruction cycles

(HL),A ;. Write a character code to display memory (Address : 121H)

Transfer the contents of display memory which affect displaying characters into OSD
circuit, before the position of scanning line coincides with their own vertical display
start position.
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a. Display memory write sequence when writing both character cade and character ornamentation.
@ Write lower 8-hit addresses of display memory to DMA7 to DMAO (in ORDMA).

@ Write the most upper addresses of display memory to DMAB8 (bit 0 in ORETC) and set MBK (bit 1in
ORETC)to "1". :

Note: It is necessary to write all bits of display memory address, writting DMAB8 after DMA7 to
DMAGQ, when writing display address, and repeat this sequence.

@ Write character ornamentation data (blinking, reverse, reverse blinking, and color data} to RDT,
GDT, BDT, BLF, RVF, and RBF.
At this time, the character ornamentation data is transferred to the display memory.

@ Write character code to CRA6 to CRAQ.
At this time, character code is transferred to the display memory together with the character
ornamentation data which is written in @ and DMAS to DMAO are automatically incremented.
b.Display memory write sequence when writing either character code or character ornamentation

@ Write lower 8-bit addresses of display memory to DMA7 to DMAO (in ORDMA).

@ Write the most upper address of display memory to DMAS {bit 0 in ORETC) and clear MBK {bit 1in
ORETC) to “0".

Note: It is necessary to write all bits of display memory address, writting DMA8 after DMA7 to
DMAG, when writing display address, and repeat this sequence.

® Write character ornamentation data (blinking, reverse, reverse blinking, and color data) to RDT,
GDT, BDT, BLF, RVF, and RBF or write character code to CRA6 to CRAQ.
At this time, written data are transferred to the display memory and DMAS8 to DMAQ are
automatically incrementad.
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(19) OSD control register write / read
The address of the OSD control registers are assigned to the DBR area.
To write or to read from the OSD control registers, the method is the same as for accessing ordinary
DBR registers. .
The written data are transferred to the OSD circuit at the end point of the scanning line without
display by setting RGWR register to “1” and become valid. And, be able to write value of OSD
control register after RGWR flag is cleared to "0,

Note 7: Do notwrite the contents of OSD control registers during RGWR flag is “1”. If contents
of 05D control registers are written during RGWR flag is “1”, the written data are
broken.

Note2: Do not clear RGWR register to “0”. If RGWR registeris cleared to “0%, the contents of
05D control registers may be transferred ta OSD circuit at unexpected timing.

Note 3: Insert over 3 instruction cycles between the instruction which sets RGWR registerto “1”
and the instruction which checks RGWR flag.

Note4 : Transfer the contents of all OSD control registers which affect displaying characters
into OSD circuit before the position of scanning line coincides with their own vertical
display start position.

Example1: In the case of writing the data into OSD registers, setting RGWR register to “1" and
checking RGWR flag

[Writing the data into OSD registe rs—|

LD A, (TEMP_ORDON) ; Setbit2 of work-areato ”1”

SET A.2
LD  Ht, ORDON  5et RGWR register to “1” (Request data transfer)
LD (HL}, A
NOP ; Insert 3 instruction cycles
NOP
NOP
CHECK_RGWR_ FLAG:
TEST (HL).2 i Check RGWR flag until RGWR flag is “0"

JR  F,CHECK_RGWR_FLAG
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Example 2:  Inthe case of checking RGWR flag, writing‘ the data into OSD registers, and writing RGWR
registerto “1"

LD HL., ORDON

CHECK_RGWR_ FLAG:
TEST (HL).2 : Checking RGWR flag until RGWR flag is “0”

JR  F,CHECK_RGWR_FLAG

Writing the data into OSD registers

L0 A, (TEMP_ORDON) ; Setbit2 of work-areato “1”

SET A.2

LD HL, ORDON : Set RGWR register to “1" (Request data transfer)
LD (HL), A

NOP ; Insert 3 instruction cycles

NOP '

NOP

The timing chart of transferring the contents of OSD registers into OSD circuit is shown as follows;

1. Inthe case of setting RGWR register to "1" during the position of the scanning line is in no display area
(except any lines specified as display off by CSn).
The contents of OSD registers are transferred into OSD circuit when the position of the scanning line is at
the falling edge of HD signal.

HD signal

MA L

|<__ In the case of setting RGWR to "1” during this period .._>I

RGWR register | t
" Set RGWR register (

—_— < L Transfer the contents of OSD

Data transfer pulse

3instrcution cycles registers into OSD circuit

RGWR flag C i - ]
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2. In the case of setting RGWR register to "1" during the position of the scanning line is in display area
(including any lines specified as display off by CSn).
The contents of OSD registers are transferred into OSD circuit when the position of the scanning line is at
the falling edge of HD signal of finishing the display line.

HD signal g
L_| L

I..E_._ in the case of setting RGWR to “1" during this period __,.I

Display line (for 1 Line) | ]
(4
RGWVR register | " |
Set RGWR register

§¢
hy

The end point of dispiay

Data transfer pulse
’ . I

— e Transfer the contents of OSD
3( instreution cycles registers into 05D circuit

RGWR ffag é | r 1

For registers (DMAS8 to DMAO, CRA6 to CARO, RDT, GDT, BDT, BLF, RBF, RVF, MBK) used for
updating the display memory, P67DS io P64DS, YBLCS, BKMF, RBMF, ESMZ, VDSMD, FORS, and
RGWR, the data become valid as soon as they are written.

Written data transfer register (1bit) -+ RGWR (bit 2 in ORDON)
“0% - Initial state
“1% - Transfer written data to GSD circuit. (After transfer, RGWR register and RGWR

flag are automatically cleared to “0".)

Written data transfer monitor flag (1 bit) -~ RGWR (bit 2 in ORDON)
“"Q* - Transfer completed.
“1% - During transfer
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{20) Display on / off
This function is used to display characters specified for on / off display.

Display on / off specification unit: Display page

Display on / off specification register (1 bit) - EDISP (bit 0 in ORDON)
“0" - Disable display
“1" .. Enabledisplay

Note: Do not start STOP mode during display is enabled.

(21) Window function
This function is used to set upper and lower limit of display page. Window upper limit is specified by
WVSH (ORWVSH). Window lower limit is specified by WVSL (ORWVSL). This function is enabled by
setting EWDW (bit 1in ORDON } in the OSD control register to ”1”.

Window specification unit: Display page

Window function enable specification register {1 bit) - EWDW (bit 1in ORDON)
“Q" -~ Disable window function
“1" .- Enable window function
Window upper limit specification register (8 bits) -+ WVSH7 to 0 (ORWVSH)
Window lower limit specification register (8 bits} -+ WWVSL7 to 0 (ORWVSL)

Window upper and lower limit position
When VDSMD is "0” (Narmal mode) :
WVSH = (WVSH7 to WVSHO) 4 X 2Thp
WVSL = (WVSL7 to WVSLO) 4 x 2THp
When VDSMD is “1” ( Double scan mode) :
WVSH = (WVSH7 to WVSHQ) 4 x4Thp
WVSL = (WVSL7 to WVSLO) 4y x 4THp

Note I: Txp,; One cycle of HD signal

Note2: WVSL > WVSH=z"1"

Note 3: Modify the value of window upper and lower limit register as follows:

1. When WVSHpyew = WVSHoib
Set the new value, during VD signal is low or before the position of the
scanning line coincides with WVSHnew.

2. When WVSL > WVSHnew > WVSHoLD
Set the new value, during VD signal is low or before the position of the
scanning line coincides with WVSHo | p.

3. When WVSLnew & WVSLorp
Set the new value, during VD signal is low or before the position of the
scanning line coincides with WVSLygw.

4. When WVSLyew > WVSLotp
Set the new value, during VD signal is low or before the position of the
scanning line coincides with WVSLotp.

Nete 4 : Itis recommendable that the window function is always enabled (EWDW = 1"} and set
WVSH to "01r", WVSL to “FEp”. When the window function should be set to disabie,
clear EWDW to “0” independent of the value which this register has been set from
detecting the rising edge of HD signal by software until the falling edge of HD signal.
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==

{22)0SD Control Registers .
Can not access all OSD control registers in any of read-modify-write instructions such as bit
operation, etc.

7 6 5 4 3 2 1 0

0RHS1 E ..........
oFaoyy | 0" |Hs16 | Hs15 [Hs1a [Hs13THs12[Hs11 [Hs10] Gnitialvalue 0000000}
LHS1B to 10 l Horizontal display start position VX;‘.},‘*
7 6 5 4 3 2 1 0
ORVS1
oFa1, | VS17 [ vs16 [vsis | vsia[vsi3vsiz[vsti [sto | (nitial value 0000 0000)
ORVE1Z - |vs127]vs126|vsizs|vstaalvsi2slvsi2avsi2ifvsizo] Gitial value 0000 0000)
{OFBCy) :
, . L . Write
| VSn7to 0 | Vertical display start position for line n only
(n=1t012)
Notel:  If display lines are averlapped each other, previous display line is enabled and next line is disabled. Set the vertical
display start position not te overlap display lines. )
NoteZ:  Transfer the contents of vertical display start position registers into QSD circuit before a position of the scanning line
coincides with their own vertical display start position.
7 6 5 4 3 2 1 0
ORCs4 L cs4 | 3 | 2 | o ] (Initial value 0000 0000)
(OF8Dy) 1 1 1 1
ORCS8 l | cs7 ] Initial val
(OF8EL) C?S ? l C?G I CSIS {Initial value 0000 0000)
ORC512 l .
v | o2 | o 10 | €59 | (initialvalue 0000 0000)
00: Display off
Character size and display on/off for 01:Largesize Write
S0 iinen 10 : Middle size only
11 :Smallsize
(n=1t012)
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OREFR 7 b 5 4 3 2 1 0
0F90
(0F50u) [ ere | EFR7 | EFR6 | EFRS | EFR4 | EFR3 | erra |EFR1 | mitial value 0000 0000)
_— R . 0: Disable fringing Write
EFRN Fringing enable specification register 1+ Enable fringing only
{n=1t08)

Note : When a display line is enabled fringing function, its vertical size is increased by one dot (by two dots when its
character size is small) independent of its character font. Therefore, when a vertical display start position is
specified ta na space between the lines, the display line which is overlapped with increasing dot(s) is
canceled.

ORP6DS 7 6 5 4 3 2 1 0
(OF914) »
" [PG'/’DS|PBGDS|PGSDS|P64DS|EFR12|EFR1 1 |EFR10| EF!EI (initial value 0060 0000}
P67DS to (: Port contents output
PG4DS PG port output select 1: R,G,B, Y/BLsignal output Write
L S . 0: Disable fringing only
EFRm Fringing enable specification register 1: Enable fringing
{(m=91012)

Note : When a display line is enabled fringing function, its vertical size is increased by one dot (by two dots when its
character size is small) independent of its character fant. Therefore, when a vertical display start position is
specified to no space between the lines, the display line which is overlapped with increasing dot(s) is
canceled.

7 6 5 4 3 2 1 0
ORWVSH |wv3H7|wvsns‘wvsu51wvsnalwvsmlwvsmlwvsm vasuﬂ {(initial value 0000 0000)
(0F92,)
[WvsH7 0.0 [ window upper limit position (WVSL>WVSHZ 1) | Wi |
7 6 5 4 3 2 i 0
ORWVSL |WVSL7 vaswiwvswlwvsmlwvsu |WV5L2 iwvsu vaswl (Initizl value 0000 GOCO)
(0F93) :
[wvsutoo |Window tower limit position (WVSL>WVSHZ 1) | Wrjte J
7 6 5 4 3 2 1 0
ORBK |em<so| EXBL | RBDT lGBDTlBBDT | RFDT [GFDT l BFDTI (initial value 0000 0000}
(0F94y)
EBKGD Background function enable: 0: Disable background
specification register 1: Enable background
EXBL Full-raster blanking enable specification |0: Disable full-raster blanking
register 1: Enable full-raster blanking
000: Black
001: Blue

o10: Gren

GBDT/ Background color select ; yd

BEDT 100: Re Writ

101: Magenta e
110:  Yellow only
111 White

000: Black

001: Blue

RFDT/ g}?f gre:"

GFOT/ Fringing color select : ya

BEDT 100: Red

101: Magenta
10:  Yellow
111:  White

Note : When the background color function is used, the biank character (code 00,) can not be used as the first

character an the fringing line.
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7 6 5 4 3 2 1 0
CRIRC .
BLI
s [ Buv | viv RENER _ 1o | (nitialvalue 00000000}
‘ BLIV BL output polarity select ? : ﬁg::g rc;‘?vh
Yiv Y output polarity select ? ﬁg:zg Foia,h
RGBIV R, G, B output polarity select 90 Active nigh V:;'I‘;e
0: Interrpt request by ISDC value
SvD Interrupt source select 1: Interruptrequest at falling
edge ot VD signal
1SDC Interrupt generation line select
3 2 1 0
DCTR —| (Initial value  x+x 0000)
. - e 1
LDCTR l Display line counter [ %ﬁg I

! Note : The display line counter also increments when a line with all blank data or a line with display off is specified. 1

7 6 5 4 3 2 1
|YBLCSJ BKMF | RBMF I ESMZ |VDSMD| “Q” l MBK IDMAsl {Initial value 0000 Q000)

ORETC
(OF96y)

: Double scan mede

o Access to either ¢character
code or character display

MBK Display memory bank switching options

1 Access 1o Both character code

and character display options

. 0: Ysignal output
YBLCS Y/BL signal select 1 BLsignal output
BKMEF Blinking master enable specification 0: Disable blinking
register 1: Enable blinking
RBMF Reverse blinking master enable 0: Disable reverse blinking
specification register 1: Enable reverse blinking
. P p 0: Disable smoocthing
ESMZ Smoothing enable specification register 1: Enable Smoothing Write
. onl
vDSMD Double scan mode select ? : Normal mode Y
0

—_

DMAS Display memory address (bit 8)

Note 1: Clear “0” to bit 2 in ORETC. .
Note 2 : It is necessary to write all bits of display memory address, writing DMAS after DMA7 to DMAG, when

writing display address, and repeat this sequence.

7 & 5 4 3 2 1 0

ORDMA IDMA7]DMAG|DMA5|DMA4\DMA3[DMA2|DMA1|DMA0| (Initial value 0000 0000)
(OF97,)

l DMA7to 0 l Display memory address ‘ [ Vgﬂiﬁf ]

Note . itis necessary to write all bits of display memory address, writing DMAS after DMA7 to DMAO, when writing
display address, and repeat this sequence.
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5 4 3 2 1 0
ORDSN : | RBF | RVF | BLF | roT | eoT [ 80T | (mitialvalue wxax xeen)
(0F98y)
RBF Reverse blinking enable specification 0: Disable reverse blinking
register 1: Enable reverse blinking
RVF Reverse enable specification register ? Eézagzer?::r;s:
T P . 0: Disable blinking
BLF Blinking enable specification register 1+ Enable blinking W
rite
000: Black onl
001: Blue y
010: Green
RDT/ 011: Cyan
GDT/ Character color select 100+  Red
BDT 101: Magenta
110: Yellow
111:  White
A 5 4 3 2 1 0
gﬁgg‘; | cras |CRA5 | craa|cras ICRAZ ICRA1 ICRAO | (initial value xwex xxx)
H T
I CRAGto0 I Character code Write only
ol 8 5. 4 3. 2 19
ORDON  : wgu : ugw | =g | FORS | “1* [rowr |Ewnw| koS | (Initial value *++0 0000)
(OF9AR)  Goeh i L
| 0: Normal frequency mode
FORS fosc frequency select 1: Double frequency mode
0: (Initial state)
RGWR Written data transfer request register 1: Iirracz?{é?:frtgﬁ?adnasﬁ:oiz%?r{\l)R
is cleared to "0".) Write only
EWDW Window function enable specification 0: Disable window function
register 1: Enable window function
EDISP Display onfoff specification register ? Er'ggljgi':ﬁ?g
Notel : % ; don't care
Note2 : The data written to OSD control registers except the register followed table is transmitted to OSD
circuit by setting RGWR (bit2 in ORDON) to “1". RGWR is cleared to “0” automatically after the transfer
is completed.
P67DS, P660DS, P65DS, P64DS bits 7 to 4in ORPEDS
YBLCS, BKMF, RBMF, ESMZ, VDSMD, MBK, DMAS bits7to 3, 1to 0in ORETC
DMA7, DMAG, DMAS, DMA4, DMA3, DMA2, DMA1, DMAO bits 7 to 0 in ORDMA
RBF, RVF, BLF, RDT, GDT, BDT bits 5 to 0 in ORDSN
CRAG, CRAS, CRA4, CRA3, CRA2, CRA1, CRAD bits 6 to 0in ORCRA
FORS, RGWR bits 4 and 2 tn ORDON
Note3 : When EWDW is cleared to "0”, clear EWDW to *0" independent of the value which this register has
been set from detecting the rising edge of HD signal by software until the failing edge of HD signal.
Noted : Write “1" 1o bit 3 of ORDON when writing to ORDON.
Note5 : Do not clear RGWR register to “0”. If RGWR register is cleared to "0”, the contents of OSD control
registers may be transferred to OSD circuit at unexpected timing.
2 1 0
ORDON |RGWR lewowl EDISP I (Initial value *+*0 *Q00)
{0F9AY)
0: Normal frequency mode
FORS fasc frequency select status 1: Double frequency mode
RGWR Written data transfer monitor flag ? Br:r?rs\fge:rg%r? elreted
- - — e - - R |
EWDW Window function enable specification 0: Disable window function ead only
status 1: Enable window function
. P 0: Disabie display
EDISP Display on/off specification status 1: Enable display
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TOSHIBA MAINTENANCE TMP87CH37/K37/M37

INPUT /QUTPUT CIRCUITRY

(1) Contro! pins
The input/ output circuitries of the 87CH37/K37/M37 control pins are shown below.

CONTROL PIN I{0] INPUT/OUTPUT CIRCUITRY REMARKS
Osc. bl
3¢ enabie _’tD)—' » fc Resonator connecting pins
) ! (high-frequency)
XIN Input VDD 'R“f“ - VDD
XouT Output _ ° Ri =1.2MQ  (typ.)
Ro =1.5k( {typ.)
XIN XOuUT
NM1 NM2
Refer ! XTEN
to P2 Osc. enable _’_ﬂ_*&—" fs Resonator connecting pins
XTIN Input | port VDD A VDD {low-frequency)
XTOUT Cutput Rt ZRo Ri =6MQ (typ.)
Ro =220kQ  (typ.)
TN XTOUT
VDD Sink open drain output
Rin

Hysteresis input

R
RESET e] Addresswtrap.)-reset @""W\r D Pull-up resistor
Watchdog-timer-rese [~ Rin=220kQ (typ.}
System-clock-reset

R=1kQ (typ.)
R Hysteresis input
STOPR/INTS Input
-1
P20 ~ R=1kQ {typ.)
STOP/INTS @
VDD
R Pull-down resistor
' Rny=70k typ.
TEST Input < ] =70k (typ.)
P ‘ R=1kQ {typ.)
Osc. enable —)—:D)_ = fosc Osc. connecting pin for on-
N screen display
Qsc1 Input VDD ";{/f\' R VDD
0s¢C2 Output 0 Re =1.2MQ  (typ.)
Ro =1.5kQ  (typ.)

]

osc1 0sC2
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TOSHIBA MAINTENANCE TMP87CH37/K37/M37
{2} Input/Qutput Ports
The input/ cutput circuitries of the 87CH37/K37/M37 /O ports are shown below.
PORT le] INPUT/QUTPUT CIRCUITRY REMARKS
initial “Hi-z" VDD i-
initial "Hi-Z VDD Tri-state YO
PQ 170
. -
disable R
<] R=1kQ  (typ)
initial “Hi-Z" vob Tri-state /O
VDD Hysteresis input
P1 o
disable o R
Q R=1kOQ  (typ)
initial "Hi-2" Sink open drain output
P2 o
— o=
R R=1k0  (typ)
1
~J
initial “Hi-Z" Sink open drain output
Hysteresis input
P3 e —{o—{~
R
P?
/@l R=1kl (typ.}
pa initial "Hi-Z" VoD Tri-state VO
VGD
P64 1o
to disable it R
P67 P R=1k  (typ.)
, ~
initial “Hi-z" Sink opendrain output
P
P5 I{e; R
1
] R=1kQ  (typ)
initial "Hi-z" Sink open drain output
PEO High current output
1o loL=20mA (typ.)
t0 disable y——— >k
P63 R
A R=1kf} (typ.}
~J
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TOSHIBA MAINTENANCE TMP87CH37/K37/M37

ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (Vss=0V)
PARAMETER SYMBOL PINS RATINGS UNIT
Supply Voltage Voo -0.3t06.5 Vv
Input Valtage Vin -0.3toVpp+0.3 v
Qutput Voltage Vaur ~0.3toVpp+03 \
lout1 Ports PO, P1, P2, P3, P4, P5, P64to P67, P7 3.2
Output Current (Per 1 pin) lourz | Ports P60 to P63 30 mA
1oyt |PortsPO, P1, P2, P3, P4, PS, P64 to P67, P7 120
Qutput Current (Total) S lours | Ports P60 to P63 120 mA
Power Dissipation [Topr = 70 °C] PD o 600 mw
Soldering Temperature (time) Tsid 260(105s) °C
Storage Temperature Tstg -3510125 °C
Operating Temperature Topr ~30t0 70 °C —
RECOMMENDED OPERATING CONDITIONS | {Vss=0V, Topr= - 30to 70°C) R

" PARAMETER SYMBOL PINS CONDITIONS Min. Max. UNIT
fc= NORMAL1, 2 mode
8MHz 4.5
IDLE1, 2 mode
Supply Voltage Voo N SLOW mode 5.5 v
32.768 2.7
kHz | SLEEP mode
STOP mode 2.0
Vin1 Except hysteresis input Vpp x0.70
VppZ 4.5V
Input High Voltage VK2 Hysteresis input Vpp x0.75 Vpp \
Viua Vpp<4.5V Vpp x0.90
Vi Except hysteresis input Vpp x0.30
VopZ 4.5V
Input Low Voltage V)2 Hysteresis input ’ 0 Vop x0.25 v
Vi Vpp<45V Vpp x0.10
fc XiN, XOuT Vpp=4.5t055V 4.0 8.0
Normal frequency mode fose = fox
(FORS = Q, Vpp = 4.510 5.5 V) 4.0 1.258.0 MHz
Clock Frequency fosc | OSC1, 05C2 Double frequency mode fosc=fex
(FORS =1, Vpp=4.5105.5 V) 2.0 0.6=54.0
fs XTIN, XTOUT 30.0 34.0 kHz

Note1: Clock frequency fc; The condition of supply voltage is the value in NORMAL 1/2 and IDLE 1/2 mode.
Note2: When the OSD circuit is used, the supply voltage must be from 4.5V to 5.5 V.
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TOSHIBA MAINTENANCE TMP87CH37/K37/M37
D.C. CHARACTERISTICS (Vss=0V, Topr= -30t070°C)
PARAMETER SYMBOL PINS CONDITIONS Min. | Typ. | Max. | UNIT
Hysteresis Voltage Vys | Hysteresisinputs - 09 - v
Nt TEST Vpp=55V,Vy=55V/0V - - 2
lin2 Open drain ports Vpp=5.5V,ViN=55V - -
Input Current - #A
lin3 Tri-state ports
[ —— VDD=5.5V,V]N=5.5VIOV - - 2
Ina | RESET, STOP
Input Resistance Rz | RESET 100 | 220 | 450 | ko
Output Leakage Lo Sink open drain ports Vpp=5.5V,Vour=35.5V - - A
Current oz Tri-state ports Vpp=5.5V, Vgyr=5.5V/0V - - +2
Output High Voltage | Vowna | Tri-state ports Vpp=4.5V, loy=-0.7mA 4.1 - -
OutputLow Voltage [ Vou | XC*P* XOUTand portsPB3to |y o 45y, g =16mA S T B
Output Low current lows Ports P63 to P60 Vpp=4.5V, VoL =1.0V - 20 - mA
Supply Currentin Vop =55V _ 10 16
NORMAL 1, 2 modes fc=8MHz
mA
Supply Current in fs =32.768 kHz ~ 6 o
IDLE 1, 2 modes Vin=53v/02V
Supply Current in loo Vone=3.0V _
SLOW mode DD =3 30 60
fs =32.768 kHz PA
Supply Currentin Vin=2.8V/0.2V _ 15 30
SLEEP mode
Supply Currentin Vpp=5.5V
- A
STOP mode Viy=5.3V/0.2V 0.5 | 10 } &
Note 1 : Typical values show those at Topr =25 °C, Vpp=5V.
Note 2 : Input Current iy, iya; The current through pufl-up or pull-down resistor is not included.
Note 3 : Typical current consumption during A/D conversion is 1.2 mA,
A/D CONVERSION CHARACTERISTICS (Vss=0V, Vpp=4.5t05.5V, Topr= — 300 70°C)
PARAMETER SYMBOL PINS CONDITIONS Min Typ. Max. UNIT
Analog Input Veoltage Range Vain CIN3 to CINO Vsg - Vpp v
Conversion Error - Vpp=5.0V - - 15 LSB
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TOSHIBA MAINTENANCE TMP87CH37/K37/M37

A.C. CHARACTERISTICS {Vss=0V, Vpp=4.5t05.5V, Topr= - 30to 70 °C}
PARAMETER SYMBOL CONDITIONS Min. Typ. | Max. | UNIT
In NORMAL1, 2 modes
0.5 - 1.0
InIDLE1, 2 modes
Machine Cycle Time tey M5
In SLOW mode
117.6 - 133.3
In SLEEP mode
High-Level Clock Pulse Width twcH | For external clack operation
62.5 - - ns

Low-Level Clock Pulse Width twe, | XINinput), fe=8MHz
High-Level Clock Pulse Width twsH

For external clock operation
Low-Level Clock Puise Width twse | (XTINinput), fs=32.768 kHz

147 - - “

RECOMMENDED OSCILLATING CONDITIONS | (Ves=0V, Vpp=4.5t05.5V, Topr= —3010 70°C)

Oscillation Recommended Constant
PARAMETER Osciilator Recommended Oscillator
Frequency ¢y C
8 MHz KYQCERA KBR8.0M
Ceramic Resonator KYGCERA K8R4.0MS 30 pF 30 pF
4 MHz
High-frequency MURATA CSA4.00MG
Oscillation
8 MHz TOYQOCOM 2108 8.0000
Crystal Oscillator j 20 pF 20 pF
4 MHz TOYCCOM 2048 4.0000
8 MHz TOKO A285TNIS-11695
QsD LC Resonator - -
7 MHz TOKO TBEKSES-30375FBY
Low-frequency )
—_—— Crystal Oscillator 32.768 kHz NDK MX-38T 15 pF 15 pF
Oscillation
asc 0sC2
XIN XOUT XTIN XTOUT

(1) High-frequency Oscillation {2) LC Resonator for OSD (3} Low-frequency Oscillation

Note: To keep reliable operatian, shield the device electrically with the metal plate on its package mold surface
against the high electric field, to example, by CRT (Cathode Ray Tube).
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