TOSHIBA TMP87CH36/K36/M36

CMOS 8-Bit Microcontroller
TMP87CH36N, TMP87CK36N, TMP87CM36N

The 87CH36/CK36/CM36 is high speed and high performance 8-bit single chip microcomputer. This MCU
contains CPU core, ROM, RAM, input/output ports, six multi-function timer/counter, serial bus interface, on-
screen display, PWM, 6-bit A/D conversion inputs and remote control signal preprocessor on a chip.

Part No. ROM RAM Package OTP MCU
|..TMP87CH36N |  16Kbytes
.. .TMP87CK36N | . 24 Kbytes 1 Kbytes SDIP42-P-600-1.78 | TMP87PM36N
TMP87CM36N 32 Kbytes
Features
@ 38-bitsingle chip microcomputer TLCS-870 Series SDIP42-P-600-1.78

@ Instruction execution time : 0.5 us (at 8 MHz)
@412 basic instructions
® 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)
@12 interrupt sources (External : 3, Internal: 9)
® All sources have independent latches each,
and nested interrupt control is available. imggggg’:‘
® Edge-selectable externalinterruptswith noisereject TMP87CM36N

® High-speed task switching by register bank changeover TMP87PM36N
@6 Input/Output ports (34 pins)
® High current output : 4 pins (typ. 20 mA)
030619EBP1

@ The information contained herein is subject to change without notice.

@ The information contained herein is presented only as a guide for the applications of our products. No responsibility is
assumed by TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent rights of TOSHIBA or others.

@ TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor
devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress.
It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of safety in
making a safe design for the entire system, and to avoid situations in which a malfunction or failure of such TOSHIBA
products could cause loss of human life, bodily injury or damage to property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set
forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set
forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

@ The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer,
personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These
TOSHIBA products are neither intended nor warranted for usage in equipment that requires extraordinarily high
quality and/or reliability or a malfunction or failure of which may cause loss of human life or bodily injury
("Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or spaceship instruments,
transportation instruments, traffic signal instruments, combustion control instruments, medical instruments, all types of
safety.dkevices, etc.. Unintended Usage of TOSHIBA products listed in this document shall be made at the customer's
own risk.

@ The products described in this document are subject to the foreign exchange and foreign trade laws.

@ TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced and
sold, under any law and regulations.

@ For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the chapter
entitled Quality and Reliability Assurance/Handling Precautions.

Purchase of TOSHIBA I? C components conveys a license under the Philips I C Patent Rights to use these
componentsin an I> C system, provided that the system conforms to the 12 C Standard Specification as defined by
Philips.
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TOSHIBA TMP87CH36/K36/M36

@ Two 16-bit Timers
@ Two 8-bit Timer/Counters
® Timer, Eventcounter, Capture (Pulse width/duty measurement) modes
@ Time Base Timer (Interrupt frequency : 1 Hz to 16384 Hz)
@ Watchdog Timer
® Interrupt source/reset output (programmable)
@ Serial bus Interface
® |2C-bus, 8-bit SIO modes
@ On-screen display circuit

® Character patterns : 128 characters

® Characters displayed : 24 columnsx 12 lines

® Composition : 14x18dots

® Size of character : 3 kinds (line by line)

® Color of character . 8kinds (character by character)

® Variable display position : Horizontal 128 steps, Vertical 256 steps

® Fringing, Smoothing function
@ D/A conversion (Pulse Width Modulation) outputs
® 14-bit resolution (1 channel)
® 7-bit resolution (9 channels)
@ 6-bit A/D conversion input (4 channels)
@ Pulse output (Clock for PLLIC)
@ Remote control signal preprocessor
@ Two Power saving operating modes
® STOP mode : Oscillation stops. Battery/Capacitor back-up. Port output hold/high-impedance.
® IDLE mode : CPU stops, and Peripherals operate. Release by interrupts.
@ Operating voltage : 4.5t0 5.5V at 8 MHz
@ Emulation Pod : BM87CM37N0A
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TOSHIBA TMP87CH36/K36/M36
Pin Assignments (Top View)
SDIP42-P-600-1.78 (PWMOQ) P40 <—>{] 1 & [l<—vVDD
(PWMT) P41 <—>[] 2 41 [J=—=>-P36 (5CK)
(PWM2) P42=<—>{| 3 40 [l=<—>P35(SDA/SO)
(PWM3) P43 <—>[| 4 39 [J<«—=>-P34(SCL/SI)
(PWM4) P44 =<—>[| 5 38 [l=—>P33(TC4)
(PWMS5) P45 <—>[| 6 37 [J=<—>P32(INT4)
(PWM6) P46 <—>{] 7 36 [l=<—>P31(TC3)
(PWM7) P47 <] 8 35 [J=<—>-P30 (INT3/RXIN)
(PWM8) P50=<—>{| 9 34 [l=<—>-P20 (INT5/STOP)
(PWM9) P51 -<—[] 10 33 [J<—>RESET
(PULSE) P52 =—>{] 11 32 [—>xouTt
P53 <—>{] 12 31 [J=<—XIN
(CINO) P54 =<—>{] 13 30 [l=—TEST
(CIN1) P55 <[] 14 29 [—>0sC2
(CIN2) P56=<—>{] 15 28 [l=—0sC1
(CIN3) P57 <[] 16 27 [<=—>P71(VD)
P60 <—>[| 17 26 [l<«—>P70 (HD)
P61-<—-[| 18 25 [l<—P67(Y/BL)
P62 <> 19 24 [l<—>P66 (B) /O Ports
P63 <—>[] 20 23 [l<=—>P65 (G)
. vss—>={] 21 22 [l=—>P64 (R) P67 P71
Block Diagram
’? Display ] Character
Memory ROM j
Osc. connecting
pins for {OSC1 On-screen display circuit
on-screen 0sC2
display I | @
a1 > )
23:’;;{\335[5)——) P S W | Stack Pointer | Data Memory | Program Counter |
ALU Flags I RBS %[—\ (RAM)
_______________
| | + | Register Banks l_
Reset /O RESET L d L
. System Controller
TestPin TEST Interrupt Controller Program Memory
>| Standby Controller T T T T T (Row
Time Base 16-bit 8-bit
Timing Generator ™ Timer Timer Timer/Counter —
7
Resonator{ XIN TC1/|\TC2 Tc3 | Tca =
Connecting (XOUT High Clock Watchdog Inst.Register
Pins frequ. | Generator Timer
Inst. Decoder
- ~ -
[
Ay T O T L T
D/A Converter|| p5 6-bit A/D Pulse P3 Remote control Serial Bus
(PWM) *;J" Converter Genjrator > signal preprocessor Intez(rsﬂz(a)cllez—z)er.Aj
g LU
P20 P47 P57 P36
to to to
I\ P40 P50 P30 Y
'
1/0 Ports
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Pin Function

P30 (INT3/RXIN)

I/0 (Input/Input)

interface input/output, a timer/counter
input, a remote control signal
preprocessor input, or an external
interrupt input, the latch must be set to

.

Pin Name Input/Output Function
1-bit input / output port with latch. . .
P20 (INT5/STOP) | I/O (Input) When used as an input port, the latch Elxtern'al interrupt input 5 or STOP mode release
"qn signal input
must be setto “1".
P36 (SCK) 1/0 (1/0) SIO serial clock input/output
5 . ; .
P35 (SDA/SO) VO (1/0/Output) 12Cbus serial data input/output or SIO serial data
...................................................... 7-bit input/output port with latch. ek stk
Wh i ial 2 i i i
P34 (SCL/SI) VO (11O/Input) en used as an input port, a serial bus | 12Cbus serial clock input/output or SIO serial

data input

External interrupt input 3 or remote control
signal preprocessor input

P47 (PWM7)
to P41 (PWM1)

P40 (PWMO)

I/0 (Output)

8-bit programmable input/output port
(tri-state). Each bit of this port can be
individually configured as an input or an
output under software control. During
reset, all bits are configured as inputs.
When used as a PWM output, the latch
must be setto “1”.

7-bit D/A conversion (PWM) outputs

14-bit D/A conversion (PWM) output

P57 (CIN3)
to P54 (CINO)

1/0 (Input)

I/0 (Output)

8-bit input/output port with latch.

When used as an input port, a
comparator input, a PWM output, or a
pulse output, the latch must be set to

.

6-bit A/D conversion (Comparator) inputs

7-bit D/A conversion (PWM) outputs

I/0 (Output)

8-bit programmable input/output port
(P67 to P64 : tri-state, P63 to P60 : High
current output). Each bit of this port can
be individually configured as an input or
an output under software control.
During reset, all bits are configured as
inputs. When used as the R, G, B, Y/BL
outputs of on-screen display circuit, each
bit of the P6 port data selection register
(bits 7 to 4 in address 0F91) must be set
to “1”.

Focus signal output or Background blanking
control signal output

High current output.

P70 (HD)

I/0 (Input)

2-bit input/output port with latch. When
used as an input ports, or a vertical
synchronous signal input and horizontal
synchronous signal input, the latch must
besetto “1".

Vertical synchronous signal input

Horizontal synchronous signal input

0sC1, 0sC2

XIN, XOUT

Input, Output

Resonator connecting pins for on-screen display circuitry.

Resonator connecting pins. For inputting external clock, XIN is used and XOUT is opened.

RESET

110

Reset signal input or watchdog timer output/address-trap- reset output/system-clock-reset

output.

TEST

Input

Test pin for out-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.

11

Memory Address Map

The TLCS-870 Series is capable of addressing 64 Kbytes of memory. Figure 1-1 shows the memory address
maps of the 87CH36/K36/M36. In the TLCS-870 Series, the memory is organized 4 address spaces (ROM,
RAM, SFR, and DBR). It uses a memory mapped I/O system, and all I/O registers are mapped in the SFR/

DBR address spaces. There are 16 banks of general-purpose registers.

assigned to the first 128 bytes of the RAM address space.

The register banks are also

0000
SFR [ o 64 bytes
003F
0040
: Register banks
: 128 bytes .
OOI:3F (8registersx 16 banks) e . ROM; Read Only Memory includes:
OOCO ............................ Program memory
RAM : 896 bytes RAM ; Random Access Memory includes:
: y Data memory
043F : ! Stack
= =~ General-purpose register banks
DBR 0 F?O SFR,; Special Function Register includes:
; 128 bytes 110 ports
OFFF Peripheral control registers
: o e Peripheral status registers
4060 f ; System control registers
: Interrupt control registers
Character ROM : 128 characters Program Status Word
5F|;F DBR ; Data Buffer Register includes:
: ~ ~ On-Screen-Display (OSD) control
80 O 0 i 1 registers
: ) Remote-Control signal
ROM 5 (See Figure 1-2) preprocessor control / status
FFFF registers
Figure 1-1. Memory Address Map
8000
A000y
L 32512 bytes L
T ~ ~+~ 24320 bytes - CO00y L—J
: = 16128 bytes -~
FFQO ....................................................................................
: T 192 bytes - T 192bytes = 192bytes T
FEBE | b b Entry area for page call
L ) [ 32b j Vector table for vector call | instructions
FEDF | 32bytes || 2bres | ]2k YIS ... instrutions (16 vector
2 jVector table for interrupts/
FFFF 32 bytes 32 bytes 32 bytes reset (16 vectors)
87CM36 87CK36 87CH36

Figure 1-2. ROM Address Maps

87CH36-5
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TOSHIBA TMP87CH36/K36/M36

1.2 Program Memory (ROM)
The 87CH36 has a 16 Kbytes (addresses C000 to FFFFy), the 87CK36 has a 24 Kbytes (addresses AO00H to
FFFFY), and the 87CM36 has a 32 Kbytes (addresses 8000y to FFFFy) of program memory (mask
programmed ROM). Addresses FFOOy to FFFFy in the program memory can also be used for special
purposes. Figure 1-2 shows the ROM address maps of the 87CH36/K36/M36.

(1) Interrupt/ Reset vector table (addresses FFEQH to FFFFR)
This table consists of a reset vector and 15 interrupt vectors (2 bytes/vector). These vectors store a
reset start address and 15 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 FFOOH to FFFFy) for page call instructions
This is the subroutine entry address area for the page call instructions [CALLP n]. Addresses FFOOy-
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 | 499, cgntents
jump instructions and the PC. :
® 5-bit PC-relative jump RS cc, $ +2 +d] T Texample : The relationship
! : between ROM Contents
E8CAH: JRS T, $+2+08H FFO0 and Call group

When JF = 1, the jump is made to E8CEy, instructions/Interrupt/

which is 08 added to the contents of the - ] Reset

PC. (The PC contains the address of the 0 M T

FE7B CALLP 7BH ; PC<«FF7By

instruction being executed + 2; therefore, B
in this case, the PC contents are | FrBF

E8CA4y + 2 = E8C6HH.) FFCO | callvector(l) |56 CALLV OH ; PCeC856y
FFC1 call vector (H) | C8
@ 8-bit PC-relative jump [JR cc, $ +2 +d] FFC2

ESC4H: JR Z, $+2+80H
When ZF =1, the jump is made to E846y, :
which is FF80y (-128) added to the | 'FPF

fth FFEO [interruptvector (L) 68 INT5 i PCe D368y
current contents of the PC. FFE1 [interrupt vector (H)| D3
FFE2
@ 16-bit absolute jump [JP a] 5
E8C4H : JP 0C235H FFED

An unconditional jump is made to address | ¢ _resetvector () [3E RESET : PC e CO3E,
C235y. The absolute jump instruction can | grep reset vector (H) | CO
jump anywhere within the entire 64K-byte

space. Figure 1-3. Program Memory Map
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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 conversion, table look-up and n-way
multiple jump processing can easily be programmed.

Example 1 : Loadsthe ROM contents at the address specified by the HL register pair contents into the
accumulator (HL = 8000, for 87CH36/K36/M36):
LD A, (HL) ; A<ROM (HL)

Example2 : Converts BCD to 7-segment code (common anode LED). When A = 05y, 924 is output to
port P5 after executing the following program:
ADD A, TABLE-$-4 ; P5<ROM (TABLE +A)
LD (P5), (PC+A)

JRS T, SNEXT e@ @c
TABLE : DB 0COH, OF9H, OA4H, O0BOH, 99H, 92H, 82H, L@V eh
OD8H, 80H, 98H 9
SNEXT : SHLC A
Notes : “$” is a header address of ADD instruction. = JP (PC+A) —
DB is a byte data difinition instruction. | | z_ ‘21 _______
Example3 : N-way multiple jump in accordance with the contentsof =777 7¢ Z—j § """"
accumulator(0=A=3: | 37 ]
SHLC A ; if A=00y then PCeC234y g’g
JP (PC+A) if A=01y then PCeC3784  [====-7 T
if A=02y then PC<DA37H —_

if A=03y then PC<E1BOy
DwW 0C234H, 0C378H, O0DA37H, OE1BOH

Note : DW.sa word data definition instruction.

1.3 Program Counter (PC)
The program counter (PC) is a 16-bit 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 3EH 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 C123y is being
executed, the PC contains C1254.

MSB LSB
P nten +1 +2 + X:
1514131211109 8 7 6 5 4 3 2 1 0 C Conents :X a X o X2 X_2+3

Program Counter (PC)
Instruction
a-2 a-1 a a+1
PCx PCL Execution X X X X

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

Figure 1-4. Program Counter
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1.4 Data Memory (RAM)
The 87CH36/K36/M36 have 1Kbytes (addresses 0040 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 00404 to 00FFy 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 00404-00BF. Access as data memory is still possible even when being used for
registers. For 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 on the stack, see section ” 1.7 Stack and Stack Pointer”.
The TLCS-870 Series cannot execute programs placed in the data memory. When the program counter
indicates a data memory address, a bus error occurs and an address-trap-reset applies. The RESET pin
goes low during the address-trap-reset.

Example 1 : If bit 2 at data memory address 00COy is “1", 00y is written to data memory at address
00E3y; otherwise, FF is written to the data memory at address 00E3:
TEST (00COH).2 ; if(00COy)2=0thenjump
JRS T,SZERO
CLR  (00E3H) ; (00E3p) « 00y
JRS T,SNEXT
SZERO : LD (OOE3H), OFFH ; (0OOE3W) <« FFy

SNEXT :
Example 2 : Increments the contents of data memory at address 00F54, and clears to 004 when 104 is
exceeded:
INC (0OF5H) ; (00F5R) « (00F5y) + 1

AND (O0O0F5H), OFH ; (OOF5H) < (OOF5H)/\OFH

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 that the general-purpose registers are
mapped in the RAM ; therefore, do not clear RAM at the current bank addresses.

Example : ClearsRAM to “004"” except the bank 0:
LD HL, 0048H ; Setsstartaddressto HL register pair
LD A, H ; Setsinitial data (00y) to A register
LD BC, O03F7H ; Setsnumber of byte to BC register pair
SRAMCLR : LD (HL+), A
DEC BC
JRS F, SRAMCLR
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Address
0040y

0050
0060
0070
0080
0090
00A0
00BO
00Co
00D0
00EQ
00F0
0100

0110

0430

0 1 2 3 4 5 6 7

8 9 A B C D E F

_Register bank 0

......................................................
......................................................
......................................................
......................................................
......................................................
......................................................

......................................................

Register bank 14

Register bank 1

.......................................................
.......................................................
.......................................................
.......................................................
.......................................................
.......................................................

.......................................................

‘Register bank 15

Direct addressing area

Figure 1-5. Data Memory Map
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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.

—

— bank 15 (00B8 to 00BFy)

—! bank 14 (00BO to 00B7},) Example : Bank 0
: —! bank 13 (00A8 to 00AF) :
woiA bank 12 (00AQ to 00A7;;) (0041) : (0040y)
""" 5 | ¢ : (0043y) | (0042y)
------------- ! bank 4 (0060 to 0067,,) D i E
D i E L bank 3 (0058 to 005Fy) (0045y) : (0044y)
............. I bank 2 (0050t°0057H) H L
H | L [ bank1 (0048to 004F,) (0047,) : (0046,
' bank 0 (0040 to 0047,;)
(a) Configuration (b) Address assignments of registers

Figure 1-6. General-purpose Register Banks

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, WA
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 : O ADD A, B ;  Adds B contents to A contents and stores the result into A.
@ SUB WA, 1234H ; Subtracts 12344 from WA contents and stores the result into
WA.
@ SUB E, A ;  Subtracts A contents from E contents, and stores the result
into E.
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(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: @ LD A, (HL)
@ LD A, (HL+52H)

@ LD A, (HL+CQ)

@ LD A, (HL+)

® LD A, (-HL)

I3

’

I

I3

12

Loads the memory contents at the address specified by HL
into A.

Loads the memory contents at the address specified by the
value obtained by adding 52 to HL contents into A.

Loads the memory contents at the address specified by the
value obtained by adding the register C contents to HL
contentsinto A.

Loads the memory contents at the address specified by HL
into A. Then increments 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 ;
LD HL, DSTA ;
LD DE, SRCA ;

SLOOP : LD (HL), (DE) ;
INC HL ;
INC DE ;
DEC B :

JRS F, SLOOP

Sets (number of bytes to transfer) - 1to B
Sets destination address to HL

Sets source address to DE

(HL) « (DE)

HL<HL+1

DE «DE +1

B«<B-1

if B=0 then loop
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(3) B.C,BC
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 gg,
Cl.

Example 1: Repeat processing

LDB, n ; Setsn asthe number of repetitions to B
SREPEAT : : processing : (n + 1times processing)
DEC B

JRS F, SREPEAT

Example 2: Unsigned integer division (16-bit + 8-bit)
DIV WA, C ; Dividesthe WA contents by the C contents, places the quotientin
Aand 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 (O003FH) ; RBS<«RBS + 1

Example2: Readingthe RBS
LD A, (003FH) ; 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 automatically saved onto the stack. The bank used before the interrupt
was accepted is restored automatically by executing an interrupt return instruction [RETIJ/[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(Bankchangeover)
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1.6

1.6.

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 003F in the SFR.
The RBS can be read and written using the memory access instruction (e. g. [LD A, (003FH)], [LD (003FH),
Al, 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 Register bank selector (RBS)
The register bank selector (RBS) is a 4-bit register used to select general-purpose register banks. For
example, when RBS =2, bank 2 is currently selected. During reset, the RBS is initialized to “0”.

7 6 5 4 3 2 1 0

JFizPicFiHF|  RBS

Figure 1-7. PSW (Flags, RBS) Configuration

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 [JR cc, $ + 2 + d]/[JRS cc,
$ +2 +d]. Afterreset, 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 004 for the remainder during the division instruction [DIV]; otherwise it
is cleared to “0”.

(2) Carryflag (CF)
The CFis set 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 004 (divided by zero error),
or when the quotient is 1004 or higher (quotient overflow error); otherwise it is cleared. The CF is
also affected during the shift/rotate instructions [SHLC, SHRC, ROLC, and RORC]. The data shifted
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.

Example1 : Bit manipulation
LD CF, (0007H) . 5 ; (0001H)2 « (0007w)5\/ (009ARL)0
XOR CF, (009AH) . O
LD (0001H) . 2, CF

Example2 : Arithmeticright shift
LD CF, A . 7 ; A<A/2
RORC A
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3)

4

Half carry flag (HF)
The HF isset 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 r], or [DAS r] instructions).
Example : BCD operation
(The A becomes 47y after executing the following program when A = 19y, B =28R)
ADD A, B ; A<41y, HF <1
DAA A ; Ae<41y + 06H = 47y (decimal-adjust)

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/F,
$+2+d] (T or Fisacondition code). Jump is performed if the JFis “1” for a true condition (T), or the
JFis “0" for a false condition (F).

The JF is set to “1” after executing the load/exchange/swap/nibble rotate/jump instruction, so that
[JRST,$+2+d]and [JRT,$ +2 +d] can be regarded as an unconditional jump instruction.

Example : Jump status flag and conditional jump instruction
INC A
JRS T, SLABLE1l ; Jumpwhen acarry 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 half carry flag contents being “219A4", “00C54",
“D74","1" and “0", respectively.

Instruction Acc. after Flag.after.execu.tion Instruction Acc. after Flag.after'execu.tion
execution | JF : ZF : CF : HF execution | JF | zF i CF i HF

ADDC A, (HL) 72 1101 i INC A 98 0io0i1io
SUBB A, (HL) o) 1010 ROLC A 35 1010
CVMP A, (HL) 9A 0010 RORC A D oéoéoéo
AND A, (HL) 92 0 0 1 0 ADD WA, OF508H 16A2 1 0 1 0
LD A, (HL) D7 1010 MUL W, A 13DA 0010
ADD A, 66H 00 1111 SET A5 BA 1110
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1.7

1.7.

Stack and Stack Pointer

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 asubroutine 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 PCy and PC|). 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 PCy 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.

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 9 87 6 5 43 210

Stack Pointer (SP)

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 SP, 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, O043FH ; SP<043Fy
Example2 : ToreadtheSP

stack

depth
SP before [ g43F 043F 043D 043¢ ﬁ
execution

LD HL, SP ; HL<SP
At acceptance
of interrupt
At execution of or At execution of
a CALL/CALLV/CALLP at execution of At execution of a RETI/RETN
instruction aSWI instruction a RET instruction instruction

axcastion 043D 043F

(a) Stacking order (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 TBTCR

i : generator : 00364 @
| XIN g
T D : High-frequency : Timing

] : : Stand-by controller

O
’_| T D : clock oscillator : generator
XOuT : :

L RS

i System clocks

1 N N

T : 0038H 0039H
1 N N

1 N N

P

1

1

SYSCR1 SYSCR2

777 ] Clock generator control System control registers

Figure 1-10. System Clock Controller

1.8.1 Clock generator
The clock generator generates the basic clock which provides the system clocks supplied to the CPU core
and peripheral hardware. It contains a oscillation circuit for the high-frequency clock.
The high-frequency (fc) clock can be easily obtained by connecting a resonator between the XIN/XOUT
pins, respectively. Clock input from an external oscillator is also possible. In this case, external clock is
applied to the XIN pin with the XOUT pin not connected. The 87CH36/K36/M36 is not provided an RC

oscillation.
[oommmmTTTmmes High-frequency clock -========------ 1
1 1
1 1
' XOUT XOUT '
i |
1 1
! (open) !
i i
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
i i
i (a) Crystal/Ceramic (b) External oscillator |
{_____Tesemator . :

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 providing a program to output fixed frequency pulses to
the port while disabling all interrupts and monitoring this puise. With a system requiring
adjustment of the oscillation frequency, the adjusting program must be created beforehand.
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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 :

OO®O

Generation of main system clock

Generation of source clocks for time base timer

Generation of source clocks for watchdog timer

Generation of internal source clocks for timer/counters TC1 to TC4
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 clock
generator, and machine cycle counters, shown in Figure 1-12 as follows. During reset and upon
releasing STOP mode, the divider is cleared to “0”, however, the prescaler is not cleared.

machine cycle counters
prescaler divider divider
; fc/28
g'{?cfl‘('freq“e”cy fe 29 ]2 3] 4] 5|6 7|89 |10[11]12[13|14]15|16/17[18|19]2021
Reset circuit
"_’) Stand-by
controller
Timer/ —
Counters Watchdog
Timer
—
Time Base
Timer
Figure 1-12. Configuration of Timing Generator
(2) Machine Cycle

Instruction execution and peripherals hardware operation are synchronized with the main system
clock. The minimum instruction execution unit is called an “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 (S0 to S3), and each state consists of one main system clock.

I

Main System Clock —l I | I
|
I

1/fc [s]
' e >

(fm) '

S1 52

e s o o (B e
]

53 so | st | s2 | s3 |

state | 5o
I
]

1
:<—Machine cycle— >
(0.5 s at fc=8 MHz)

Figure 1-13. Machine Cycle
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1.8.3 Stand-by controller
The stand-by controller starts and stops the oscillation circuit for the high-frequency clock. Operating
modes are controlled by the system control registers (SYSCR1, SYSCR2).

Figure

1-14 shows the operating mode transition diagram and Figure 1-15 shows the system control

registers.

(1) Operating mode

@® NORMAL mode
In this mode, both the CPU core and on-chip peripherals operate.
@ IDLE mode
In this mode, the internal oscillation circuit remains active. The CPU and the watchdog timer are
halted; however, on-chip peripherals remain active. IDLE mode is started by setting IDLE bit in
the system control register 2 (SYSCR2), and IDLE mode is released to NORMAL 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 next instruction which
follows IDLE mode start instruction.
@ STOP 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 mode. The output status of all output ports can be set to either output
hold or high-impedance under software control.
STOP mode is started by setting STOP bit in the system control register 1 (SYSCR1), and STOP
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.
RESET
reset release
IDLE (M NORMAL m’ STOP
mode - mode mode
interrupt STOP pin input
Operating mode Frequency CPU core On-chip Machine cycle
High-frequency Peripherals time
RESET reset reset
NORMAL turning on oscillation operate 4/fcs]
operate
IDLE
halt
STOP turning off oscillation halt —

Figure 1-14. Operating Mode Transition Diagram
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SYSCR1
(0038,)

SYSCR2
(0039y)

System Control Register 1

6 5 4 3 2
| STOP | RELM | RETM |OUTEN| WuT (Initial value: 0000 00%**)
0 : CPU core and peripherals remain active
STOP 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 release
Operating mode 0 : Return to NORMAL mode
RETM R/W
after STOP mode 1 : Reserved
OUTEN Port output control 0 : High-impedance
during STOP mode 1 : Remain unchanged
. 19
Warming-up time at 00: 3x21g/fc [s]
wut releasing STOP mode 01: 2°/1c
9 1* 1 Reserved
Note 1:  Alwaysset RETM to “0” when transiting from NORMAL mode to STOP mode.
Note2:  If87CH36/K36/M36 is moved to STOP mode while QUTEN = “0”, internal inputs fix “0”. Then there is
a possibility to set interrupt of falling edge.
Note 3:  Bits 1and 0in SYSCR1 are read in as undefined data when a read instruction is executed.
Noted: fc ; high-frequencyclock [Hz]
* . don’t care
Note5:  87CH36/K36/M36 returns to NORMAL mode without value of RETM, when STOP mode is retuned by

input of RESET pin.

System Control Register 2

4 3 2 1 0

T .......... VP P I S (nitial value: 1000 ##x%)

0 :CPU and watchdog timer remain active

IDLE IDLE . R/W
mode start 1 : CPU and watchdog timer are stopped (start IDLE mode)
Note 1:  Aresetis applied (RESET pin output goes low) if bit 7 in SYSCR2 are cleared to “0”.
Note2: Do notclearbit7inSYSCR2 to “0”, and do not set bits 6-5in SYSCR2 to “1”.
Note3:  *,;don’tcare
Note4:  Bits3to0inSYSCR2 are always read in as “1” when a read instruction is executed.

Figure 1-15. System Control Registers
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1.8.4 Operating mode control

(1) STOP mode

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.

@ Oscillation is turned off, and all internal operations are halted.

@ The data memory, registers 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 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 for 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 INT5 (INT5 is a falling edge-sensitive input).

Example : Starting STOP mode with an INT5 interrupt. (TMP87CH36/K36/M36)

PINTS5 : TEST (P2) . ; Toreject noise, STOP mode does not start
JRS F, SINT5 if port P20 is at high
LD (SYSCR1), 010000008 ; Sets up the level-sensitive release mode.
SET  (SYSCR1) . 7 ; Starts STOP mode

LDW (IL), 1110011111111111B ; IL12,11«0
(clearsinterrupt latches)
SINT5 : RETI

STOP pin \ %\/'H \
xourein ([T LT

NORMAL 1 STOP i : NORMAL

NN N
LYENEEVEN

operation operation E Warm-up ' operation
Confirm by progrlam that the STOP mode is released by the hardware.
STOP pin input is low and Always released if the STOP
start STOP mode. L o
pininputis high

Figure 1-16. 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 release 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. This is 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 is high.

Example : Starting STOP mode operation in the edge-sensitive release mode (TMP87CM36)
LD (SYSCR1), 00000000B ; OUTEN « 0 (specifies high-impedance)
DI ; IMF « 0 (disables interrupt service)
SET (SYSCR1). STOP ; STOP « 1 (activates stop mode)
LDW (IL), 1110011111111111B ; IL12,11«0
(clearsinterrupt latches)
EI ; IMF « 1 (enables interrupt service)

STOP pin i \_;;—7!& Vi \ g
1 1 /
1111 Qe 111111

(
7

RVEN

\

\

NORMAL STOP ] . e he STOP
operation operation Warm-up >} NORMAL operation
/ operation /
STOP mode started

by the program. . .
STOP mode is released by the hardware at the rising

edge of STOP pininput.

Figure 1-17. Edge-sensitive Release Mode

STOP mode is released by the following sequence:

®
@

The high-frequency clock 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 3 in 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 generator is cleared to “0".

Table 1-1. Warming-up Time example

WUT At fc=4.194304 MHz At fc=8 MHz
3x2"/fc [s] 375 [ms] 196.6 [ms]
2"/ f¢ 125 65.5

Note: The warming-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.

STOP mode can also be released by setting the RESET pin low, which immediately performs the normal
reset operation.
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Note: When STOP mode is released with a low hold voltage, the following cautions must be observed.
The power supply voltage must be at the operating voltage level before releasing the STOP
mode. 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 input).

(2) IDLE mode

IDLE mode is controlled by the system control register
2 and maskable interrupts. The following status is 7
maintained during IDLE mode. Starting IDLE mode
by instruction
@ Operation of the CPU and watchdog timer is ]

halted. On-chip peripherals continue to operate. CPU, WDT are halted
@ 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

Reset
instruction following the instruction which No (high)
started IDLE mode. ‘
Interrupt request
Example : Starting IDLE mode. Normal ) Yes

SET (SYSCR2) . 4 ; IDLE<«1 release mode
No

IDLE mode includes a normal release mode and an
interrupt release mode. Selection is made with the
interrupt master enable flag (IMF). Releasing the IDLE Interrupt processing
mode returns to NORMAL mode.

Yes (Interrupt release mode)

S —
|

Execution of the
a. Normal release mode (IMF = “0") instruction which follows
IDLE mode is released by any interrupt source enabled the IDLE mode start
by the individual interrupt enable flag (EF). Execution instruction
resumes with the instruction following the IDLE mode <L
start instruction (e.g. [SET (SYSCR2).4]). Normally, IL

(Interrupt Latch) of interrupt source to release IDLE

mode must be cleared by load instructions. Figure 1-19. IDLE Mode

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). After the interrupt is processed, the execution resumes from the
instruction following the instruction which started IDLE mode.

IDLE mode can also be released by setting the RESET pin low, which immediately performs the reset
operation. After reset, the 87CH36/K36/M36 are placed in NORMAL mode.

Note : When a watchdog timer interrupt is generated immediately before IDLE mode is started, the
watchdog timer interrupt will be processed but IDLE mode will not be started.
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1.9

Interrupt Controller
The 87CH36/K36/M36 has a total of 12 interrupt sources: 3 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 isindependent.
The interrupt latch is set to 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 1-21 shows the interrupt controller.

111 "

Table 1-2. Interrupt Sources

Interrupt Source Enable Condition Inieal;rcuhpt Ve;?‘;r-:sb le Priority

internall | (Reset) Non-Maskable — FFFE4 | High 0
Internal [ INTSW (Software interrupt) Pseudo — FFFCy 1
Internal | INTWDT (Watchdog Timer interrupt) non-maskable IL; FFFAY 2

reserved IMF=1, INTOEN =1 IL3 FFF84 3
Internal [ INTTC1 (16-bit TC1 interrupt) IMF - EFg=1 ILg FFF6y 4

reserved IMF - EF5=1 ILg FFF4y 5
Internal [ INTTBT (Time Base Timer interrupt) IMF - EFg=1 ILg FFF2y 6

reserved IMF - EF7 =1 ILy FFFOH 7
Internal [ INTTC3 (8-bit TC3 interrupt) IMF - EFg=1 ILg FFEEy 8
Internal [ INTSBI (Serial bus Interface interrupt) IMF - EFg=1 ILg FFECH 9
Internal | INTTC4 (8-bit TC4 interrupt) IMF « EF19=1 IL1o FFEAH 10
External [INT3 (External interrupt 3, Remote control receive interrupt) | IMF-EFq=1 IL11 FFE8y 1
External [INT4 (External interrupt 4) IMF - EF12=1 IL12 FFE6H 12
Internal [ INTOSD (OSD interrupt) IMF - EF13=1 ILy3 FFE4y 13
Internal | INTTC2 (16-bit TC2 interrupt) IMF « EF14=1 IL14 FFE2y 14
External [INTS (External interrupt 5) IMF - EF15=1 IL1s FFEOy Low 15
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(1) InterruptLatches (IL15to 2)

(2)

Interrupt latches are provided for each source, except for a software interrupt. The latch issetto “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 except INT3 are initialized to
“0" during reset. The interrupt latch of INT3 is unstable during reset.

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 (Do not clear the IL; for a watchdog timer
interrupt to “0”). Thus, interrupt requests can be cancelled and initialized by the program. Note
that interrupt latches 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.

Example 1: Clearsinterrupt latches
LDW (IL), 1110101010111111B ; IL¢2, ILqq,ILs, ILe<0

Example 2 : Reads interrupt latches
LD WA, (IL) : Welly, Aelly

Example 3 : Tests an interrupt latch
TEST (ILH).4 ; iflLi2=1thenjump
JR F, SSET

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 (including 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. Settingto “1” enables the acceptance of interrupts.
When an interrupt is accepted, this flag is cleared to “0” to temporarily 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
setto “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 [DI] instructions, and the IMF is
initialized to “0" during reset.
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@ Individual interrupt Enable Flags (EF 15 to EF4)
These flags enable and disable the acceptance of individual maskable interrupts. 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 : SetsEF forindividual interrupt enable, and sets IMF to “1".
LDW (EIR), 1110100000000001B ; EF15to EF¢3, EFq1q, IMF<-1

Example2 : Setsanindividualinterruptenable flagto “1”.
SET (EIRH).4 ; EFq2¢1

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

IL H H H H H H N H N N : :
(003C, 003Dy) [ILy5  Ilqg & llqg S llqp & llqq llgg : Ilg i g | Iy &Il & ILs & ILg : g & ILp |

ILy (003Dp) I, (003Cp)
(Initial Value :  0000%000 000000%*)

EIR : N N N N N : : M M H N
(003A, 003B}) | EFq5 : EFqq : EFq3 : EFqp : EFqq : EFqo: EFg : EFg | EF7 : EFg : EF5 : EFg | : : IMF

EIRy (003B}) EIR, (003Ap)
(Initial Value : 00000000 0000+ **0)

Note1: Do not use any read-modify-write instruction such as bit manipulation for clearing IL.
Note2: Do notcleariIL; to "0” by an instruction.
Note3: Do notset IMF to “1” during non-maskable interrupt service program.

Figure 1-22. Interrupt Latch (IL) and Interrupt Enable Register (EIR)
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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 us 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 disable 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.

@ ® 0O

Interrupt service task

||SS|||||||:|

1 machine cycle

Interrupt
signal

IMF
\ 1
Y 1
Instruction i [
execution Instrucsion Interrupt acceptance X Instruction RETI instruction execution

- XOOE

Notel : a,; return address, b ; entry address, ¢ ; address when the RETI instruction is stored
Note2 : The maximum response time from when an IL is set until an interrupt acceptance processing starts is
38/fc[s]

Figure 1-23. Timing Chart of Interrupt Acceptance and Interrupt Return Instruction

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

Vector table address Entry address

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 in the interrupt service program. In this
case, acceptable interrupt sources are selectively enabled by the individual interrupt enable flags.

o 1 "
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(2) Saving/Restoring General-purpose Register
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 restored 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 ; Switchestobankn (1 usat8 MHz)

iInterrupt process

RETI ; Restores bank and Returns
main task main task
acceptance of interrupt acceptance of jnterrupt
bank m I Interrupt service task Interrupt service task
m Switch to bank by saving
[LD RBS, n]or registers
time [INC(GRBS) ]
n instruction
.......................
" interrupt return Restore bank
automatically by restoring
[RETI]/ [RETN] registers
InStrUC‘tIOn ......................
interrupt return
(a) Saving/Restoring by register bank changeover (b) Saving/Restoring using push/pop or data transfer instructions

Figure 1-24. Saving/Restoring General-purpose Registers
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@ General-purpose register save/restore using push and pop instructions:
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

HL ; Restore HL register pair
POP WA ; Restore WA register pair
RETI ; Return
.................... Address (example)
0438y
0439
043A
........................................ o438
o | [ oa3c
s I 0430
....... s e oy
0 B IO
Sranimemise T ofapen " T atapes Tt D fmemustretan
instruction instruction instruction

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

Example
PINTxx

Saving/restoring a register using data transfer instructions

LD A, (GSAVA) ; Restore Aregister
RETI ; Return

The interrupt 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 program
status word are restored from the stack.
@ The stack pointer is incremented 3 times.

S

@ Theinterrupt master enable flag is set to

@® The contents of the program counter and program
status word are restored from the stack.

@ The stack pointer is incremented 3 times.

wq

@ The interrupt master enable flag is set to
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.

only

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.

87CH36-31
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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 interrupt is
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 SWIl instruction will generate a software interrupt as a software brake.

Use the [SWI] instruction only 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
FFH 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 SWI instruction at the software break point
setting address.
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1.9.3 External interrupts
The 87CH36/K36/M36 has three external interrupt inputs (INT3, INT4, and INT5). Two 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 INT3 and INT4.
Edge selection of INT4 pin input is performed by the external interrupt control register (EINTCR). Edge
selection and noise rejection control for INT3 pin input are performed by the Remote-control signal
processor control registers. (refer to the selection of the Remote-control signal processor.)

Table 1-3. External Interrupts

. Secondar " L. . .
Source Pin function p}i/n Enable conditions Edge Digital noise reject
falling edge,
INT3 INT3 P30/RXIN IMF - EFyy = 1 rising edge or | Refer to the selection of the Remote

falling/rising | control signal preprocessor.
edge

falling edge [ Pulses of less than 7/fc [s] are eliminated
INT4 INT4 P32 IMF - EF15=1 or as noise. Pulses of equal to or more than
rising edge | 24/fc [s] are regarded as signals.

INT5 INT5 P20/STOP IMF - EF15=1 falling eqge — (hysteresis input)

Note 1: The pulse width (both “"H” and “L” level) for input to the INT5 pin must be over 1 machine cycle.

INTS input I tNTL tINTH > teye  (Note : teyc = 4ifc[s])

tinTL : tNTH

Note 2 : If a noiseless signal is input to the external interrupt pin, the maximum time from the edge of input signal until

the IL is set is as follows :
@ INT4pin  25/fc [s]

Note 3 : When high-impedance is specified for port output in stop mode, port input is forcibly fixed to low level internally.
Thus, interrupt latches of external interrupt inputs except P20 (INT5/STOP) 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.

Example : Activating stop mode (TMP87CH36/K36/M36) :

LD (SYSCR1), 01000000B ; OUTEN<O0 (specifies high-impedance)
DI ; IMF<0 (disables interrupt service)
SET (SYSCR1).STOP ; STOP<«1 (activates stop mode)
LDW (IL), 1110011101010111B ; IL12,11,7,5, 3«0 (clearsinterrupt latches)
EI ; IMF«1 (enablesinterrupt service)
7 6 5 4
EINTCR
(0037CH) ;“',‘,'0';,“‘:“',','0',',“‘|(TC4ES)| INTA (Initial value :  00%0 000%)
0 : Rising edge Write
INT4ES | INT4 edge select 1: Falling edge only

Note1: * ; don’t care

Note 2 : Do not change EINTCR when IMF = 1. After changing EINTCR, interrupt latches of external interrupt inputs
must be cleared to “0” using load instruction.

Note 3 : In order to change of external interrupt input by rewriting the contents of INT4ES during NORMAL mode,
clear a interrupt latch of external interrupt input (INT4) after 8 machine cycles from the time of rewriting.

Note 4 : EINTCR is write-only-register and must not be used with any of read-modify-write instructions.

Note 5: Always write “"0” to bit7, 6,2, 1in EINTCR.

Figure 1-25. External Interrupt Control Register
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1.10 Watchdog Timer (WDT)
The watchdog timer rapidly 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 as a reset output or a non-
maskable interrupt request. However, selection is possible only once after reset. At first, the reset
outputisselected.
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

MPX reset release signal from T.G.

fey 22 —>|A Binary Counters L
fc/28 —> clock overflow

R reset

B
fe/219 —> cy J_)ﬂoutput output
/27 P | gear | 1| 2 s aH{>—1reser

.l interrupt request INTWDT

internal reset enable
Q
S R
WDTEN
writing writing clear WDTOUT
WoTT disable code |code

Controller

0034H 0035H

WDTCR1 WDTCR2

Watchdog Timer Control Registers

Figure 1-26. Watchdog Timer Configuration
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1.10.2 Watchdog timer control
Figure 1-26 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 a CPU malfunction occurs for any cause, the watchdog timer output will become active on the rise 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 STOP mode (including warm-up) or IDLE mode, and
automatically restarts (continues counting) when STOP/IDLE mode is released.

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

LD (WDTCR2), A4EH ; Clearsthe binary counters
LD (WDTCR1), 00001101B ; WDTT«10, WDTOUT«1

Within WDT LD (WDTCR2), A4EH ; Clears the binary counters

detection time : (always clear immediately after changing WDTT)
LD (WDTCR2), A4EH ; Clearsthe binary counters

Within WDT :
detectiontime | | (WDTCR2), 4EH . Clears the binary counters

Watchdog Timer Control Register 1

2 1 0
%%;g:; woTT %VBTT (Initial value : ***x 1001)
. 0 : Disable
WDTEN \é&zﬁ:&i&g;gr;er (It is necessary to write the disable code to WDTCR2)
1 : Enable
00 : 2%/ fc [s] (4.194sat fc=8 MHz) Write
WDTT Watchdog timer 01: 28/ fc (1.048 s at fc = 8 MHz) only
detection time 10 : 22"/ f¢ (262.1 ms at fc=8 MHz)
11:29/%¢ (65.5 msatfc=8MHz)
Watchdog timer 0 : Interrupt request
wDTouT output select 1 : Reset output

Note 1: WDTOUT cannot be set to “1” by program after clearing WDTOUT to "0".
Note 2: fc ; High-frequency clock [Hz] * ; don’t care
Note 3: WDTCR1 is a write-onry-register and must not be used with any of read-modify-write instructions
Note 4: 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

7 6 5 4 3 2 1 0
wotcR | ; ; ; : : § : |

(Initial value : **x* %*xxx)

(0035y)
. 4E,  : Watchdog timer binary counter clear (clear code) Write
WDTCR2 Watchc!og timer control B1y :Watchdog timer disable (disable code) I
code write register others - Invalid only

Note 1: The disable code is invalid unless written when WDTEN =0.
Note 2: * ; don’t care

Figure 1-27. Watchdog Timer Control Registers
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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), 00001000B ; 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 automaticallyafter STOP
or IDLE mode is released.
During disabling the watchdog timer, the binary counters are cleared to “0”.

Example : Disableswatchdog timer
LDW (WDTCR1) , O0B101H ; WDTEN«OQ, 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 (SP) should be initialized before using the watchdog timer output as an interrupt
source with WDTOUT.

Example : Watchdog timer interrupt setting up.
LD SP, 043FH ; Sets the stack pointer
LD (WDTCR1) , 00001000B ; WDTOUT<«0

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) low to reset the internal hardware and the external circuits. The reset output time is 220/fc
[s](131 ms at fc =8 MHz).

2%/fc [s]

2V/fc

LI LI L LI L[t
Binary counter 1x 2 XEX 0o X 1 X 2 X 3 X 0

Clock

Overflow
INTWDT interrupt M
3 17
WDT reset output T (Hi-2) |(”L" output)

writes 4Ey to WDTCR2

Figure 1-28. Watchdog Timer Interrupt/Reset
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1.11  Reset Circuit
The TLCS-870 Series has four types of reset generation procedures: an external reset input, an address-
trap-reset, a watchdog timer reset and a system-clock-reset. Table 1-4 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.] 131msec at 8 MHz) when power is turned on.

Table 1-4. Initializing Internal Status by Reset Action

On-chip Hardware Initial Value On-chip Hardware Initial Value
Program counter (({9) (FFFFy) - (FFFER) | Divider of Timing generator 0
Register bank selector (RBS) 0
Jump status flag ) 1 Watchdog timer Enable

Refer to I/0 port
circuitry

Refer to each of
control register

Interrupt master enable flag (IMF) Output latches of /0 ports

Interrupt individual enable flags  (EF)

o ©o o

Interrupt latches (] Control registers

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 FFFEH to FFFFy.
The RESET pin contains a Schmitt trigger (hysteresis) with an internal pull-up resistor. A simple power-
on-reset can be applied by connecting an external capacitor and a diode.

Figure 1-29. Simple Power-on-Reset Circuitry
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1.11.2 Address-trap-reset
If a CPU malfunction occurs and an attempt is made to fetch an instruction from the RAM or the SFR area
(addresses 0000y to 043Fy), an address-trap-reset will be generated. Then, the RESET pin output will go
low. The reset time is 220/fc [s] (131ms at fc =8 MHz).

Instruction P a :(reset release Xinstruction ataddress r
execution . i i
L ____ Address-trap is occurred L ___ L __.
RESET output -I L output) « r(Hl-Z) : :
i ) | I |
1 1 I ]
1 1 ! 1
' ' i '
g 22%fc [s] 1 2%fc | 2°If¢ i
to
2%/fc

Note1: 0= a = 043Fy
Note 2: During reset release, a reset vector “r” is read out,
and an instruction at address r is fetched and decoded.

Figure 1-30. Address-Trap-Reset

1.11.3  Watchdog timer reset
Refer to Section “1.10 Watchdog Timer”.

1.11.4 System-clock-reset
Clearing both bits 7 and 6 in SYSCR2 to “0” stops high-frequency oscillation, and causes the MCU to
deadlock. This can be prevented by automatically generating a reset signal whenever (bit7 in
SYSCR2) = (bit6 in SYSCR2) =0 is detected to continue the oscillation. Then, the RESET pin output goes
low from high-impedance. The reset time is 220/fc [s] (131 ms at fc =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 1/O system and all peripherals control and data transfers
are performed through the special function registers (SFR) and data buffer registers (DBR).
The SFR are mapped to addresses 00004 to 003Fy, and the DBR to addresses OF80y to OFFF.
Figure 2-1shows the list of the 87CH36/K36/M36 SFRs and DBRs.

Address Read Write Address Read Write
0000 reserved 00204 - SBICR1 (SBI control 1)

01
02
03
04
05
06 - DBR (PWM data buffer)
07
08
09
0A
0B
oc
0D
OE
OF reserved
10 30 reserved
11 31
12 (Timer register 1B) ---|--- 32
13 [TREGIBy e[ 33
14 e T 34
15 | T 35
16 | T 36
17 37
18 38 SYSCR1
19 39 SYSCR2
1A 3A
1B 3B
1C 3C
1D 3D
1E 3E
1F 3F PSW (Program status word) I RBS (Register bank selector)

(a) Special Function Registers

Write

Note 1 :

1

~

Note2 :

OSD control registers Note 3 :

Note 4 :

Note5 :

reserved

(b) Data Buffer Registers

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-modify-
write instructions (bit manipulation
instructions such as SET, CLR, etc. and
logical operation instructions such as
AND, OR, etc.)

SBI : Serial Bus Interface

PWM : Pulse Width Modulation

OSD : On Screen Display

Remo-con : Remote control

Figure 2-1. SFR & DBR

87CH36-39

2004-10-01




TOSHIBA TMP87CH36/K36/M36
2.2 /O Ports
The 87CH36/K36/M36 has 6 parallel input/output ports (34pins) as follows:
Primary Function Secondary Functions
Port P2 1-bit /O port external interrupt input, and STOP mode release signal input
[ portpz [ 7-bitllOport | external interrupt input, remote control signal input, timer/counter input, |
and serial bus interface input/output
[ portPa [ gbitlOport | pulsewidthmodulationoutout |
[ portes [ 8-bit/Oport | pulse width modulation output, pulse output, and comparatorinput |
[ Portee | 4 8bitlOport | R G,Band Y/BLoutputfrom OSDcircuitry |
[ Portrr [ 2-bitllOport | horizontal synchronous pulse input and vertical synchronous pulse input to |
OSD circuitry

Each 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 I/O port in the S1 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 changesin the S2 state of the write cycle during execution of the instruction which writes to
an I/O port.

fetchcycle fetchcycle  read cycle | fetch cycle | fetch cycle | write cycle |
| I ] |
I I 1 1 I 1 I I

Instruction ___S0 S1 S2 $3 SO S1 S2 $3 SO S1 S2 S3 Instruction—__S0 S1 $2 S3 S0 S1 $2 S3 SO S1 $2 S3
execuct):gg—— 1 1 E)I(': I'ID AI" (Xl) 1 1 1 1 1 _—— execuc';lglreu__ 1 1 E)f': LID (?()"?‘ 1 1 1 1 1 _——
Input strobe-- , 'j : _——  Outputlatch__ lj
e pulse :
Data input_ %( X/ Data output__ old X ew

(a) Input Timing

(b) Output Timing

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

Figure 2-2. Input/Output Timing (Example)

When reading an I/O port except programmable 1/0 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

@ 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

(2) Instructions that read the pin input data
@ Instructions other than the above (1)
@ (HL) side of ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), (HL)
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2.2.1 PortP2(P20)
Port P2 is a 1-bit input/output port. Itis also used as an external interrupt input, and a STOP mode release
signal input. When used as an input port, or a secondary function pin, the output latch should be set to
“1". During reset, the output latch isinitialized to “1”.
It is recommended that pin P20 should be used as an external interrupt input, a STOP mode release signal
input, or an input port. If used as an output port, the interrupt latch is set on the falling edge of the P20
output pulse.
When a read instruction for port P2 is executed, bits 7 to 1 in P2 are read in as undefined data.

SET/CLR/CPL/others j J’I_ CMP/MCMP/TEST/ others
~

Data input /\]—
output Iatrh:]

Data output D Q

INTS/STOP @I
STOP
A —

\ 7

[ ] P20 (NTS/STOP)

Note :*; don’t care

..... 7.8 5. ..4..3..2.1.60

: : P20
P2 : : : i i : { INTS (Initial value: *%%x xxx1)
(0002y) : : : : : i i STOP

Figure 2-3. PortP2

2.2.2 PortP3 (P36 to P30)
Port P3 is a 7-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 portor a
secondary function pin, the output latch should be set to . The output latches are initialized to “1"
during reset.
Example 1 : Outputsanimmediate data 5AH to port P3.
LD (P3), 5AH ; P3<5AH

" 1 "

Example 2 : Invertsthe output of the lower 4bits (P33 - P30) in port P3.
XOR (P3), 00001111B ; P33to P30«P33to P30

Control input ’
CMP/MCMP/TEST/ others
Datainput ’

SET/CLR/CPL/others
Data output || D Q P3i
Output latch )
Note:i=6to0

Control output

STOP —| ) Hi-Z control
OUTEN —=@

7 6 5 4 3 2 1 0

S 536 P35 P3a P33 P32 p3r [ p3o|  (nitialvalue: #1111111)
(0003w ScK : SDA { SCL | 1cq fiNT4 | TC3 | INT3
........... iSO ¢ S| : : ! RXIN

Figure 2-4. Port P3
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2.2.3 Port P4 (P47 to P40)

Port P4 is an 8-bit input/output port which can be configured as an input or an output in one-bit unit
under software control. Input/output mode is specified by the corresponding bit in the port P4
input/output control register (P4CR). Port P4 is configured as an input if its corresponding P4CR bit is
cleared to “0”, and as an output if its corresponding P4ACR bit is set to “1”. During reset, P4CR is
initialized to “0", which configures port P4 as an input. The P4 output latches are also initialized to “1”.
Data is written into the output latch regardless of the PACR contents. Therfore initial output data should
be written into the output latch before setting PACR. Port P4 is also used as a pulse width modulation
(PWM) 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 setto “1”.

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.
OUTEN
PACRi l
Data input <

<]
Data output_’ - »

output latch Note:i=7to0

PWMI
7 6 5 4 3 2 1 0
pa P47 © P46 : PA5 P44 P43 : P42 i PA1 i PAQ
(0004y) |PWM7:PWM6:PWMS5:PWNM4:PWM3:PWM2:PWMT:PWMO| (Initial value: 1111 1111)
PACR 7 6 5 4 3 2 1 0
(000Cy) | : : : : : | (Initial value : 0000 0000)
PACR 1/0 control for port P4 0 : input mode write
1 : output mode only
Figure 2-5. Ports P4 and PACR
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2.2.4 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 setto “1”. The output latches are initialized to “1” during reset.

CMP/MCMP/TEST/ others CMP/MCMP/TEST/ others
Data input ’ < /J— Data input ’ <
SET/CLR/CPL/ others SET/CLR/CPL/others

Data output P5j

>-DP5i Data output

Output latch Output latch
Control output

STOP :'3 Hi-Z control STOP :D Hi-Z control
OUTEN OUTEN

CIN;j

(a) P57 to P54 Note:i=7to4,j=3t00 (b) P531t0 P50

7 6 5 4 3 2 1 0

ps P57 i P56 : P55 P54 i P53 : P52 : P51 : P50
(0005) | CIN3 : CIN2: CINT ; CINO ‘PULSEPWMIPWMB| (Initial value: 1111 1111)

Figure 2-6. Ports P5
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2.2.5 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 software 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 also 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 P6 data
selection register (P67DS to P64DS) should be setto “1”.

P6CRi P6CR}

?JTL?TPEN —_°D° I_D_‘ ?)TL?TPE N —_°D°
2
~

Data input Data input ! J

Data output m AY P6i Data output—)@ . > . DPGj

Output latch |—> Bs Output latch
R, G.B. Y/BL Note: i=7to4 Note:j=3to0
P6iDS
(a) P67 to P64 (b) P63 to P60

P6 R R R R R R R L.
(0006,,) P$7 P66 P65 P64 P63 P62 P61 P60 (Initial value: 1111 1111)

P6CR : : : : : : : Lo .
(000Dy) | : : : : : : : | (Initial value: 0000 0000)

0 : Input mode write

P6CR | | fi t P
6 /0 control for port P6 1: Output mode only

Port P6 data selection register (P67DS to P64DS)

7 6 5 4 3 2 1 0
(OF91y) | P67DS : P66DS : P65DS : P64DS | (EFR12) : (EFR11) : (EFR10) : (EFR9) (Initial value: 0000 0000)
. 0 :Port P6n output latch write

P6nDS Selection of the output data for port P6n 1 :the OSD output (R, G, B, Y/BL) only

Notel:n=7to4
Note2 : P6CR, P67DS to P64DS is write-only-register and must not be used with any of read-modify-write
instructions.

Figure 2-7. Ports P6, P6CR, and P67DS - 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.
Example : Setthe lower4 bitin port P6 (P63 to 60) to the output port and Set the other to the input
port.

LD (P6CR) , OFH ; P6CR«00001111g
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2.2.6 PortP7 (P71 to P70)
Port P7 is a 2-bit input /output port, and is also used as a vertical synchronous signal (VD) input and a

horizontal synchronous signal (HD) input for 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 7 to 2 in P7 are read in as undefined data.

CMP/ MCMP/TEIST/others

Data input ’ <|—--—~@
SET/CLR/CPL/others

Data output D Q I — 77

Output latch

STOP [
S 4>

Note:i=1to0, =, don’t care

P7 : : : : : ; :
(0007y) : : : : : VD HD | (Initial value: #*x*x %x11)

Figure 2-8. Ports P7
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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 2-10.
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).

TBTCK x x
1120
TBTEN : :
—-—I—l : t2 2 1 machine cycle

(—) B
R 4 : 12

Example: Setsthe time base timer frequency to f¢/216 [Hz] and enables an INTTBT interrupt.
LD (TBTCR) , 000010108
SET (EIRL) . 6

MPX INTTBT
fc/223 >— A interrupt
fc/22' >—{B request
fC/ZlZ >>: g source clock — J
fc/2 isin
fc/23 >E Y ) edgeg Source clock | | | I | I
fc/2'2 >—F detector 5 : :
fc/2'" > G TBTEN i : :
fc/2% >—{Hs ey W : :
1 M : M
3 ]
INTTBT ! " "
TBTCK TBTEN : ———— "—
! nterrup
TBTCR Enable TBT period
Time Base Timer Control Register
(a) Configuration (b) Time Base Timer Interrupt
Figure 2-9. Time Base Timer
2 1 0
{:OE%?.‘) : TBTCK | | (initial value :  0%*0 0x%)
Time base timer 0 : Disable
TBTEN .
enable/disable 1: Enable
000 : fc/223[Hz] ( 0.95 Hz atfc=8MHz)
001 : fc/ 2% ( 381  atfc=8MHz) write
010 : fc/2'® ( 12207  atfc=8MHz) only
TBTCK Time base timer interrupt 011 : fc/ 214 ( 488.28 at fc=8 MHz)
frequency select 100 : fc/ 213 ( 976.56 at fc=8 MHz)
101 : fc/2"? ( 1953.12  atfc=8MHz)
110 : fc/ 2V ( 3906.25  atfc=8MHz)
11 : fc/2° ( 15625 at fc =8 MHz)
Notel: fc; High-frequency clock [Hz], *; don’t care
Note2: The TBTCR is a write-only register and must not be used with any of the read-modify-write instructions.

Figure 2-10. Time Base Timer Control Register
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2.4 16-bit Timer 1 (TC1)

2.41 Configuration

TC1S
MPX
cle
fe/211)—A clock il
fc/27 BY 16-bit up-counter
fc/23 >——>{C | |
2 INTTC1
interrupt
SCAPT TCIS | re1ck SCAPT > Capture gnable
match detect control
TC1CR TREG1B TREG1A * *
timer 1 control register 16-bit timer registers 1A, 1B TREG1BH, TREG1BL write strobe

Figure 2-11. Timer 1 (TC1)

2.42 Control
The timer 1is controlled by a timer 1 control register (TC1CR) and two 16-bit timer registers (TREG1A and
TREG1B). Reset does not affect TREG1A and TREG1B.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TREG1A |

(0010, 0011y) ] TIREG 1AH (001 1|H) 1 ] | I ] -EREG 1A§L (0010|H) ] 1 I
Write only

TREG1B

(0012, 0013, TREG1By (0013;) . |, TREGIB (0012 |

QR 7 6 s 4 3 2 1 0 Read only

(0014y) R | SCAP1 I TC1S I TC{CK | TCIM I (Initial value : 0000 0000)

00: timer mode

TC1
TC1M c 01: reserved
mode select
1*: reserved
00: internal clock fc/2"'  [Hz]
TC1 01: internal clock fc/2”
TC1CK f 3 write
source clock select 10 : internal clock fc/2
11: reserved only
TC1 00: stop & counter clear

TC1S 01: command start
start control
1*: reserved

SCAP1 software capture control 0 : - 1 : software capture trigger

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

Note 2 : Writing to the low-byte of the timer register (TREG1A), the comparison is inhibited until the high-
byte (TREG1Ap) is written.
After writing to the high-byte, any match during 1 machine cycle (instruction cycle) is ignored.

Note 3: Set the source clock, when TC1 stops (TC1S =00).

Note 4 : SCAP1 is automatically cleared to "0” after capturing.

Note 5: Values to be loaded to timer registers must satisfy the following condition.

TREGIA>0

Note 6 : Always write “0” to bit 7 in TC1CR.

Note 7: The TCICR is write-only registers and must not be used with any of the read-modify-write instructions
such as SET, CLR, etc.

Note 8: The TREG1B can not be written.

Figure 2-12. Timer Registers and TC1 Control Register

87CH36-47 2004-10-01



TOSHIBA TMP87CH36/K36/M36

2.4.3 Function
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 transfered to TREG1B by setting SCAP1 (bit 6 in
TC1CR) to “1” (software capture function). SCAP1 is automatically cleared after capturing.

Table 2-1. Timer 1 Source Clock (Internal Clock)

Source clock Resolution ( At fc =8 MHz) Maximum time setting (At fc = 8 MHz)
fc/23[Hz] 1 s 65.535 ms
fcr2’ 16 us 1.04856 s
fc/2" 256 us 16.77696 s
Example 1 : Setsthe source clock to f¢/27 [Hz] and generates an interrupt 1 [s]. later (at fc = 8 MHz).

LD (TC1CR), 00000100B ; Setsthe TC1source clock

LDW (TREG1A), OF424H ; Setsthetimerregister (1s+27/fc=F424y)
SET (EIRL). EF4 ; Enables INTTC1 interrupt

EI

LD (TC1CR), 00010100B ; StartsTC1

Note : The TCICRiswrite-only register and can not be started by [SET (TC1CR). 4] instruction.

Example2 : Software capture
LD (TC1CR), 01010100B ; SCAP1«1 (Captures)
LD WA, (TREG1B) ; Reads captured value

Command start

Source clock |||:|||||||||||||||||||||||||||||||||
I
1

TREG1A » X n D

Match Counter
detect \n' clear

(a) Timer

SR I N I A I I I B B
Counter B EE) €5 D €5 €5 6 €5 S €50 |
capture ’ capture

TREG1B X m X n
SCAP 1 |-|

INTTC1 interrupt

(b) Software Capture

Figure 2-13. Timer Mode Timing Chart
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2.5 16-bit Timer 2 (TC2)
2.5.1 Configuration
TC2S
MPX
fc/223y——- |5 clear
fc/213>——1B vy 16-bit up-counter
fc/28s >|C source clock
fc/23%——D
LS | comparator match INTTC2
3 interrupt
bl
TC20K chs il
match detect control
TC2CR TREG2 T T
Timer 2 control register 16-bit timer register 2 TREG2H TREG2L
write strobe write strobe
Figure 2-14. Timer 2 (TC2)
2.5.2 Control
The timer 2 is controlled by a timer 2 control register (TC2CR) and a 16-bit timer register 2 (TREG2). Reset
does not affect TREG2.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TREG2 TREG2y; (0017 : TREG2, (0016
(0016, 0017y) I 1 1 1 H |( H? 1 1 : 1 1 1 LI( H) 1
write only
TR 5 4 3 2 0
(0015,,) [ Tcas | TC2CK [tcam] (Initial value :  **00 00%0)
TC2M Timer 2 operating 0 : Timer mode
mode select 1 : Reserved
000 : fc/2% [Hz]
. 001 : fc/2% .
Teack :;r:i';zclock select 010 : fe/2° Vzrrl;lce
011 : fc/23 y
1** : Reserved
TC28 Timer 2 0 : Stop and counter clear
start control 1: Start
Note 1: fc; High-frequency clock [Hz], *; don't care
Note 2 : When writing to the low-byte of the timer register 2 (TREG2;), the comparison is inhibited
until the high-byte (TREG2y) is written.
After writing to the high-byte, any match during 1 machine cycle (instruction execution
cycle) is ignored.
Note 3: Set the source clock when timer stop (TC2S =0).
Note 4 : Values to be loaded to the timer register must satisfy the following condition.
TREG2 > 0.
Note 5: Always write “0” to bit 0 and bit 4 in TC2CR.
Note 6 : The TC2CR and the TREG2 are write-only registers and must not be used with any of the
read-modify-write instructions such as SET, CLR, etc.

Figure 2-15. Timer Register 2 and TC2 Control Register
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2.5.3 Function

The contents of TREG2 are compared with the contents of the up-counter. If a match is found, a timer 2
interrupt (INTTC2) is generated, and the counter is cleared. Counting up is resumed after the counter is

Table 2-2. Source Clock (Internal Clock) for Timer 2

Maximum time setting (At fc=8 MHz)

Resolution (At fc =8 MHz)
1.048576 s 19 hour
1.024 ms 1 min
32 s 2.09712 s
1 s 65.535 ms

5 min 184 s

7.1 s

cleared.

Source clock
fc/2% [Hz]
fc/2"
fc/28
fc/ 28

Example

LD (TC2CR), 00001100B ; Setsthe source clock

LDW (TREG2), 61A8H
SET (EIRH). EF14

EI

LD (TC2CR), 00101100B ; StartsTC2

2.6 8-Bit Timer/Counter 3 (TC3)

Sets the source clock f¢/23 [Hz] and generates an interrupt every 25 ms (at fc =8 MHz).

; Sets TREG2 (25 ms + 23/fc = 61A8y)
; Enables INTTC2 interrupt

2.6.1 Configuration
- ¢ inhibit
rising
N Edge Tl Capture —_D—>
detector [@1NI] o trol INTTC3
D interrupt
TC3M TC3S
TC3ES —* clear
S
TC3pin L] Ay
[>o8
D

fe/212 >{a v source clock 8-bit up-counter overflow

fe0 ———>8 TC3M

o —————>c 5 T

2 3
4 match
TC3CK capture capture
_D—> TREG3B TREG3A <—C(—
TC3S scAp 8-bit Timer Register 3A, 3B
TC3CR
Timer/Counter 3 Control Register
Figure 2-16. Timer/Counter 3
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2.6.2 Control
The timer/counter 3 is controlled by a timer/counter 3 control register (TC3CR), an external interrupt
control register (EINTCR) and two 8-bit timer registers (TREG3A and TREG3B). Reset does not affect these
timer registers.

TREG3A 7 6 5 4 3 2 1 0
0018,) | | Read/Write
TREG3B
(0019,,) I | Read only
4 3 2 1 0
TC3CR : "
(001Aw) ... [SCAP| [Te3s| Tc3ek | =M (Initial value :  *0%0 00%0)
Timer/counter 3 0 : Timer/event counter mode
TC3M X
operation mode select 1 : Capture mode
00 : Internal clock fc/27 [Hz]
Tc3ck | Timer/counter 3 01 : Internal clock fc/2
source clock select 10 : Internal clock fc/27 write
11 : External clock (TC3 pin input) only
T3S Timer/counter 3 0 : Stop and counter clear
start control 1: Start
SCAP Software capture control 0: -
1 : Software capture
7 6 5 4 3 2 1 0
(%3';;:5 o ivor [ LR | ror or (Initial value : 0000 000+)
TC3ES | TC3 edge select 0: Rising edge write
1 : Falling edge only
Note 1: fc,; High-frequency clock [Hz], *; don’t care
Note 2 : Set the mode, the source clock and the edge selection (TC3ES) when the TC3 stops (TC3S =0).
Note 3 : Values to be loaded to timer register 3A must satisfy the following condition.
TREG3A > 0 (in the timer/event counter mode)
Note 4 : TC3CRis a write-only-register and must not be used with any of read-modify-write instructions.
Note 5: Always write "0” to bit 7-6 and 2-1 in EINTCR.
Figure 2-17. Timer Register 3 and TC3 Control Registers
2.6.3 Function

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

(1) Timer mode
In this mode, the internal clock shown in Table 2-3 is used for counting up. The contents of TREG3A
are compared with the contents of the 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-counter is
cleared. 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 2-3. Source Clock (Internal Clock) for Timer/Counter 3

Source clock Resolution (AT fc = 8 MHz) Maximum setting time (AT fc =8 MHz)

fcr2% 512 us 130.56 ms
fc/2" 128 us 32.64 ms
fcr27 16 us 4.08 ms
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(2

3)

Event counter mode

In this mode, the TC3 pin input pulse 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¢/24 [Hz]. Two or more machine cycles are required for both the high
and low levels of the pulse width.

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

Example : Generetesan interruptevery 0.5 [s], inputting 50Hz pulses to the TC3 pin.
LD (TC3CR), 00001100B ; Sets TC3 mode and source clock

LD (TREG3A), 19H ; 0.5[s]+1/50=25=194
SET (EIRH).EF8 : Enables INTTC3 interrupt
EI

LD (TC3CR), 00011100B ; StartsTC3

Capture mode

The pulse width, period and duty of the TC3 pin input are measured in this mode, which can be used
in decoding the remote control signal, etc. The counter is running free 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
contineus. On the nextrising (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 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 FF4. 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. Therefore, TREG3B has been read out earlier than
TREG3A.

e ITTUUUTIWUUUITILTUL
Up-counter @Mn 00,60 6 € 8.6 5,060 & E

TC3 pin input I \ I\ I_I
I
n

| | |
TREG3A D( k b\ o\ X FF (overflow)
i R | : |
TREG3B ! X : X Fe !
| capture . capture | overflow
INTTC3 interrupt n n I-I

Reading TREG3A I-I I-I I-I_

Figure 2-18. Timing Chart for Capture Mode (TC3ES =0)
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2.7 8-bit Timer/Counter (TC4)

2.7.1 Configuration

TCA4ES
S TC4S
TC4pin[J A
Y
o8
source clear
lock
fg21 < 8-bit up-counter
fc/27 > P
fc/23 >
2
TC4CK match
TC4S TC4AM S
2
| TC4CR | I TREG4 |
Timer/Counter 4 Control Register 8-bit Timer Register 4 INTTCA

interrupt

Note: MPX; Multiplexer
CMP; Comparator

Figure 2-19. Timer/Counter 4
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2.7.2 Control

The timer/counter 4 is controlled by a timer/counter 4 control register (TC4CR) and an 8-bit timer register
4 (TREG4). Reset does not affect the TREGA.

TREGA | : : : ; § : : |

(001By) Write only
I8 5.4 3 2 ! 0
(Toc(;cc:) e e [tcas| Teack Taam | (Initial value :  00%0 0000)
00 : Timer/event counter mode
TC4AM TC4 operating mode select 01 : Reserved
1* : Reserved
00 : Internal clock fc/2" [Hz] write
01 : Internal clock fc/2’ onl
y
TCACK | TC4 source clock select 10 + Internal clock fc/2°
11 : External clock (TC4 pin input)
TCas TC4 start control 0 : Stop and counter clear
1: Start
7 6 5 4 3 2 1 0
RO o I Il IS T I (nitial value : 0000 000+)
TC4AES | TCA4 edge select 0: R|5|pg edge write
1 : Falling edge only

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

Note2: Set the operating mode, the source clock selection and the edge selection (TC4ES) when
the TC4 stops (TC4S =0).

Note 3: Always write “1” to bit 7 and bit 6 in TC4CR.

Note4: Values to be loaded to the timer register must satisfy the following condition.

TREG4>0

Note5: TC4CR, 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.

Note6: Always write “0” to bit 7- 6 and bit 2 - 1 in EINTCR.

Figure 2-20. Timer Register 4 and TC4 Control Registers

2.7.3 Function

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

(1) Timer mode
In this mode, the internal clock is used for counting up. The contents of TREG4 are compared with
the contents of the 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 counter is cleared.

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

Source clock Resolution (At fc=8 MHz) | Maximum setting time (At fc =8 MHz)

fc/2" [Hz] 256 us 65.28 ms
fcr2’ 16 us 4.08 ms
fc/23 1 us 255 us
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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¢/2* [Hz]. Two or more machine cycles are
required for both the high and low levels of the pulse width.
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2.8 Serial Bus Interface (SBI-ver.A)
The 87CH36/K36/M36 has a 1-channel serial bus interface which employs a clocked-synchronous 8-bit
serial bus interface and an 12C bus.
The serial bus interface is connected to an external device through P35 (SDAOQ) and P34 (SCLO) in the I°C
bus mode; and through P36 (SCKO0), P35 (SO0) and P34 (SI0) in the clocked-synchronous 8-bit SIO mode.
The serial bus interface pins are also used as the port. When used as serial bus interface pins, set the P3
output latches of these pins to “1”. When not used as serial bus interface pins, the P3 port is used as a
normal I/O port.
I2C bus has no an arbitration function which is necessary when two or more master devices scramble for
the bus control. In master mode, other devices which are connected on the same bus need be slave
devices. (single master)

Note : When a multi master I’C bus system operates in PC bus mode of this serial bus interface circuit,
there is a possibility that the following problems raise. I’C bus mode of this serial bus interface
circuit should be used by a single master I?C bus system.

1. The SCL line is fixed to low level and transferring stops by the serial bus interface circuit. The other
devices can not run on the SCL line. Thus the bus locks.

2. The SCL pin is pulled down to low level regardless of the state of the SCL line by the serial bus
interface circuit. A period of high-level SCL clock pulse which other devices output is shortened. The
minimum value of which the SCL clock holds high level is not satisfied, which is specified with the 12C
bus standard.

2.8.1 Configuration

— > INTSBI Interrupt request
SCL
O s
SIO
Clock Input/ H p36
Control |« Output | (S5CK0)
T channel
. + Control
fc/4 —>| Divider H P35
™ slo SO [(sDA0/500
Transfer
c | Data Control s
2C bus ontrol
Clock Sync. Circuit J L 1 P34
L4
. +
Noise Control AN (SCLO/SI0)
Canceller Shift 12C bus
Register Data Control | Noise SDA
Canceller
PAN
A A
N2 |
SBICRY/ 12CAR SBIDBR SBICR1
SBISR
SBI Control Register 2/ |2C bus SBI Data SBI Control Register 1
SBI Status Register Address Register Buffer Register

Figure 2-21. Serial Bus Interface (SBIl-ver.A)
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2.8.2 Serial bus interface (SBI-ver.A) control

The following reginsters are used for control and operation status monitoring when using the serial
bus interface (SBl-ver.A).

® Serial bus interface control register 1 (SBICR1)

® Serial bus interface control register 2 (SBICR2)

® Serial bus interface data buffer register (SBIDBR)
® 12C bus address register (I2CAR)

® Serial bus interface status register (SBISR)

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

Refer to Section “2.8.4 12C bus Mode Control” and “2.8.6 Clocked-synchronous 8-bit SIO Mode
Control”.

2.8.3 The dataformats in the 12C bus mode
The data formats when using the serial bus interface circuit in the 12C bus mode are shown below.

(a) Addressing format

8 bits 1 [«—1 to 8 bits —>{ 1 |[<«—1to 8 bits —>( 1
IF'TTTTTT]R[A A A
S| Slave address /¢ Data C Data c|P
W] K K K
1 lormore —— >
(b) Addressing format (with restart)
8 bits 1 |<—1to 8 bits 1 8 bits 1 |<—1to 8 bits ——| 1
IF'TTTTTTRr[A A IF'TTTTT TRr[A A
S| Slave address /c Data c|S| Slave address /1c Data c|P
W[ K K W[ K K
1 > 1 or more 1 > 1 or more —>
(c) Free data format
8 bits 1 [«—1 10 8 bits —> 1 |[«—1 to 8 bits ——| 1
F'TTTTTT [a A A
S Data C Data C Data c|P
K K K
1 lormore —— >
Notes S : Start condition

R\W : Direction bit
ACK : Acknowledge bit
P : Stop condition

Figure 2-22. Data Format
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2.8.4 12C bus mode control
The following registers are used for control and operation status monitoring when using the serial bus
interface (SBI-ver.A) in the 12C bus mode.

Serial Bus Interface Control Register 1

SBICR1 7 6 5 4 3 2 1 0
(0020w [ "Bc | Jack] [ sk ] (initial value: 0000 *000)
ACK=0 ACK=1
BC | Number of : Number of :
Clock Bits Clock Bits
880 8 8 9 8 Writ
. 1 1 1 2 1 rite
BC 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 6
111 7 7 8 7
0 : Does not generate clock pulse for acknowledgment.
(master mode) / Does not count clock pulse for Read/
ACK | Acknowledge mode specification acknowledgment. (slave mode) Write
1: Generates clock pulse for acknowledgment. (master mode)
/ Counts clock pulse for acknowledgment. (slave mode)
000 : Reserved (Note 5)
001 : Reserved (Note 5)
010 : 57.1[kHz]
. . 011 : 29.9 [kHz] at fc =8 MHz (Output on SCL pin) Write
K I clock sel
SC Serial clock selection 100 : 15.3 [kHz] only
101 : 7.72 [kHz]
110 : 3.88 [kHz]
111 : Reserved

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

Note2: Setthe BCto “000” before switching to a clock-synchronous 8-bit SIO mode.

Note 3: SBICR1 has write-only register bits, which cannot access any of in read-modify-write instructions such as
bit operate, etc.

Note4: Clear “0” to bit 3 in SBICRT.

Note 5:  This PC bus circuit does not support the Fast mode. It supports the Standard mode only. Although the FC
bus circuit itself allows the setting of a baud rate over 100 kbps, the compliance with the FC specification
is not guaranteed in that case.

Serial Bus Interface Data Buffer Register

SBIDBR 7 6 5 4 3 2 1 0
(00214) |

! ! ! ! ! | | | (Initial value: #xx* xxxx)  Read/Write

Note 1: When writing transmitted data, start from the MSB.

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
operate, etc.

Note3: Avalue written to SBIDBR is cleared to “0” by INTSBI interrupt request signal.

Note4: *;don’tcare

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

I12CAR Slave address »
SA 87CH36/K36/M36 slave address
selection Write
ALS Address recognition mode 0 : Slave address recognition only
specification 1 : Nonslave address recognition

Note : I12CAR is a write-only register, which cannot access any of in read-modify-write instructions such as bit operate,
etc.

Figure 2-23. Serial Bus Interface Control Register 1/Serial Bus Interface Data Buffer Register/
I2C bus Address Register in the 1°C bus Mode
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Serial Bus Interface Control Register 2
SBICR2 7 6 5 4 3 2 1 0
________ A
(00231) | mst [TRx | BB [ PIN | seim_ | “0” i "0 1 (Initial value: 0001 00*%)
MST | Master/slave selection 0: Slave
1: Master
TRX [ Transmitter/receiver selection 0 : Receiver
1 : Transmitter
BB Start/stop generation 0 : Generate the stop condition when the MST, TRX, and
PIN are “1".
1 : Generate the start condition when the MST, TRX, Write
and PIN are "1”. only
PIN Cancel interrupt service request 0: -
1 : Cancel interrupt service request
00 : Port mode (serial bus interface output disable)
Serial bus interface operating mode 01 :SI0 mode
SBIM .
selection 10 : 1°C bus mode
11 : Reserved
Note 1: * s don’tcare
Note2:  Switch a mode to port mode after confirming that the bus is free.
Note3:  Swich a mode to I12Cbus mode after confirming that input signals via port are high level.
Note4:  SBICR2 has write-only register bits, which can not access any of in read-modify-write instructions such
as bit operate, etc.
Note 5 : Clear bits 1 and 0 in SBICR2 to "0”.

Serial Bus Interface Status Register

7 6 5 4 3 2 1 0
sgisR | msT| TR | BB | PIN | AL [Aas [ADo ] Lrs | (initial value: 0001 0000)
(0023)
MST | Master/ Slave selection status monitor | 0: Slave
1: Master
TRX [ Transmitter/Receiver selection status 0: Receiver
monitor 1: Transmitter
BB Bus status monitor 0 : Busfree
1: Bus busy
PIN | Interrupt service request status 0: Requesting interrupt service
monitor 1 : Releasing interrupt service request Read
only
AL Noise detection monitor 0 : Does not detect noise
1 : Detects noise
AAS | Slave address match detection monitor | 0 : Does not detect slave address match or “GENERAL
CALL"
1: Detects slave address match or “GENERAL CALL"
ADO | “GENERAL CALL" detection monitor 0 : Does not detect “GENERAL CALL"
1: Detects “GENERAL CALL"
LRB | Last received bit monitor 0: Lastreceived bitis “0"
1: Lastreceived bitis “1”
Figure 2-24. Serial Bus Interface Control Register 2/ Serial Bus Interface Status Register
in the 12Cbus Mode
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(M

(2)

3)

Acknowledgment mode specification

Set the ACK (bit 4 in SBICR1) to “1” for operation in acknowledgment mode. When the serial bus
interface circuit is the master mode, an additional clock pulse is generated for an acknowledge
signal. In the transmitter mode during this additional clock pulse cycle, the SDA pin is released in
order to receive the acknowledge signal from the receiver. In the receiver mode during this
additional clock pulse cycle, the SDA pin is set to low level generating the acknowledge signal.

Clear the ACK to “0” for operation in the non-acknowledgment mode. When the serial bus interface
circuit is the master mode, a clock pulse for the acknowledge signal is not generated.

In the acknowledgment mode, when the serial bus interface circuit is the slave mode, clocks are
counted for the acknowledge signal. During the clock for the acknowledge signal, when a received
slave address matches to a slave address set to the I12CAR or a “GENERAL CALL" is received, the SDA
pin is set to low level generating an acknowledge signal.

After a received slave address matches to a slave address set to the 12CAR and a “GENERAL CALL" is
received, in the transmitter mode during the clock for the acknowledge signal, the SDA pin is
released in order to receive the acknowledge signal from the receiver. In the receiver mode, the SDA
pin is set to low level generating an acknowledge signal.

In the non-acknowledgment mode, when the serial bus interface circuit is the slave mode, clocks for
the acknowledge signal are not counted.

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

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. Set a communication baud rate that meets the 12C bus specification,
such as the shortest pulse width of t_ ow, based on the equations shown below.

Four or more machine cycles are required for both the high and low levels of the pulse width of a
clock which is input externally in both the master and slave mode.

[<«—1tHIGH —><—tLow —> 1/scl

SCK n

N (bits2 to 0 in the SBICR1)
tLow=2"/c 000 4
tHigH = 2"fc + 12/fc¢ 001 5
010 6
fscl = 1/(tLow + thigH) 011 7
100 8
Note : fc,; high-frequency clock 101 3
! 110 10

Figure 2-25. Clock Source

b.Clock synchronization

The I12C bus has a clock synchronization function to meet the transfer speed to a slow processing
device when a transfer is performed between devices which have different process speed.

The clock synchronization functions when the SCL pin is high level and the SCL line of the bus is low
level in the serial bus interface circuit. The serial bus interface circuit waits counting a clock pulse in
high level until the SCL line of the bus is high level. When the SCL line of the bus is high level, the
serial bus interface circuit starts counting during high level. The clock synchronization function holds
clocks which are output from the serial interface circuit to be high level.

The slave device can stop the clock output of the master device on one word or one bit basis.
Additionally, the transfer speed by the master device matchesto the process speed of the slave device.
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SCL pin (Master Device)

SCL pin (Slave Device)

tart counting high-level width of a clock pulse

_s_ -
o~
37&""

Ve

SCL (Bus) /4
Figure 2-26. Clock Synchronization
(4) Slave address and address recognition mode specification

(5)

(6)

To operate the serial bus interface circuit in the addressing format which recognizes the slave
address, clear the ALS (bit0in I12CAR) to “0"” and set the slave address to the SA (bits 7 to 1in I2CAR).
To operate the serial bus interface circuit in the free data format which does not recognize the slave
address, set the ALS to “1"”. When the serial bus interface circuit is used in the free data format, the
slave address and the direction bit are not recognized. They are handled as data just after
generation of start conditions.

Master/slave selection

Set the MST (bit 7 in the SBICR2) to “1” for operating the serial bus interface 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 the noise is detected.

Transmitter / receiver selection

Set the TRX (bit 6 in the SBICR2) to “1” for operating the serial bus interface circuit 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, the TRX is set to “1” by the hardware if the direction bit (R/W) sent from the
master device is “1”, and is cleared to “0” by the hardware if the bitis “0”. In 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 bit is “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 bus is detected or the noise is
detected.

The following shows TRX change conditions in each mode and TRX after changing.

: : : i TRX after

Mode Direction bit Change condition changing
Slave mode 0 A received slave address is the 0
1 same as a value setto 12CAR. 1
0 . . 1
Master mode ] ACK signal is returned. 0

When the serial bus interface circuit operates in the free data format, the slave address and the
direction bit are not recognized. They are handled as data just after generating a start condition.
The TRX was not changed by the hardware.
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(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 beforehand.

SDApin ~ PN/ As X as Xar XAz X a2 XAt X Ao X RW /

| F—|
Start slave address and the direction bit ————— > Acknowledge
condition signal

Figure 2-27. 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.

When a stop condition is generated and the SCL line on the bus is set to low level by another device,
a stop condition is generated after releasing the SCL line.

Loeeod
Stop condition

(8

(9)

Figure 2-28. Stop Condition Generation

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.

Interrupt service request and cancel

When the serial bus interface circuit is the master mode and transferring a number of clocks set by
the BC and the ACK is complete, a serial bus interface interrupt request (INTSBI) is generated.

In the slave mode, the INTSBI is generated when the received slave address is the same as the value
set to the I2CAR and an acknowledge signal is output, when a “GENERAL CALL" is received and an
acknowledge signal is output, or when transferring / receiving data is complete after the received
slave address is the same as the value set to the I2CAR and a “GENERAL CALL" is received.

When the serial bus interface interrupt request occurs, the PIN (bit 4 in the SBISR) is cleared to “0”.
During the time that the PIN is “0”, the SCL pin is set to low level.

Either writing or reading data to or from the SBIDBR sets the PIN to “1".

The time from the PIN being setto “1” until the SCL pin is released takes t ow.

Although the PIN (bit 4 in the SBICR2) can be setto “1” by the program, the PIN is not cleared to “0”
when it is written “0".

Serial bus interface operating mode selection

The SBIM (bits 3 and 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 the serial bus interface pin
is high level. Switch a mode to port after confirming that the bus is free.
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(10) Noise detection monitor
The 12C bus is easy to be affected by noise, because the bus is driven by the open drain and the pull-
up resistor.
With the serial bus interface circuit, the SDA pin output and the SDA line level are compared at a rise
of the SCL line on the bus, and whether data are output correctly on the bus is detected only in the
master transmitter mode.
When the SDA pin output differs from the SDA line level, the AL (bit 3 in the SBISR) is set to “1”.
When the AL issetto “1”, the SDA pin is released and the MST and the TRX are cleared to “0” by the
hardware. The serial bus interface circuit changes to the slave receiver mode, and the serial bus
interface circuit continues outputting clocks until transferring data when the AL was set to “1” is
completed.
Eitherwriting orreading datato orfromthe SBIDBR, orwritingdatatothe SBICR2 clearstothe ALto “0".

SCL (Bus) _\_/_\_/_\_/_\_/_\_/_\_/_\_

I
MST P\

/

L

TRX

Figure 2-29. Noise Detection Monitor

(11) Slave address match detection monitor
The AAS (bit 2 in the SBISR) isset to “1” in the slave mode, in the address recognition mode (ALS =0),
when receiving “GENERAL CALL” or a slave address with the same value that is set to the 12CAR.
When the ALSis “1”, the AASisset 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) issetto “1” in the slave mode, when all 8-bit received data is “0", after a
start condition (GENERAL CALL). The ADQ is cleared to “0” when a start or stop condition is detected
on abus.

(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 INTSBI interrupt request is generated, an acknowledge
signal is read by reading the contents of the LSB.

saces ___ /6N _/ 7 \_/ 8 \__/°\

soame)  T7 7 Thr X o X0 X X s
LRB T :X D2 X D1 X DO XAcknowIedge Signal : : :
INTSBI M .
interrupt request

Figure 2-30. Last Received bit Monitor
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2.8.5 Data transfer in 12C bus mode

(1) Device initialization
Set the ACK in the SBICR1 to “1”, and the BC to 000. Specify the data length to 8 bits to count clocks
for acknowledge. Set a transfer frequency to the SCK.
Subsequently, set a slave address to the SA in the I2CAR and clear the ALS to “0” to set an addressing
format.
After confirming that the serial bus interface pin is high-level, for specifying the default setting to a
slave receiver mode, clear “0” to the MST, TRX, and BB in the SBICR2, set “1" to the PIN, “10" to the
SBIM, and “0" to bits 1and 0,

Note : The initialization of the serial bus interface circuit must be complete within the time from all
devices which are connected to the bus have initialized to any device does not generate a start
condition. If not, there is a possibility that another device starts transferring before an end of
the initialization of the serial bus interface circuit. Data can not be received correctly.

(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. An
INTSBI interrupt request occurs at the 9th falling edge of the SCL clock 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.

Note 1: Do not write a slave address to be output to the SBIDBR while data are transferred. If data
is written to the SBIDBR, data to been outputting may be destroyed.

Note 2 : Do not start transferring due to another master from writing a slave address to be output
to the SBIDBR to writing a start condition generation command to the SBICR2. The serial
bus interface circuit malfunctions because it has not an arbitration function.

SCL pin ' ' 1 2 3 4 5 6 7 8 9
L —
L 1 -
. 1 h7
spAapin 1 \ | /a6 XAs Xa4 XA3 XA2 XAt XA0 XR/WY _\__,'
L—E - ~ J Acknowledge
Start condition Slave address + direction bit 5:9n8|df"<>_m a
slave device
PIN
INTSBI <45
interrupt I'I
request

Figure 2-31. Start Condition Generation and Slave Address Transfer
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(3) 1-word data transfer
Check the MST by the INTSBI interrupt process after an 1-word data transfer is completed, and
determine whether the mode is a master or slave.

a. When the MST is “1” (Master mode)
Check the TRX and determine whether the mode is a transmitter or receiver.

@® Whenthe TRXis “1" (Master mode)

Test the LRB. When the LRB is “1”, a receiver does not request data. Implement the process to
generate a stop condition (described later) 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, set the ACK to “1”, 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, and an INTSBI interrupt request occurs. The PIN becomes “0" and the SCL pin is set
to low level. If the data to be transferred is more than one word in length, repeat the procedure
from the LRB test above.

Write to SBIDBR

SCL pin 1 2 3 4 5 6 7 8 9

SDA pin D7__XD6 XD5 XD4 XD3 XD2 XDi1  XDO Y\__\_:'

Acknowledge signal
PIN _J from a receiver

INTSBI <
interruptrequest  _ I-|_ —

Figure 2-32. Example when BC="000", ACK ="1" in Transmitter Mode

@ When the 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 serial bus interface circuit
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 serial bus interface circuit
pulls down the SCL pin to the low level. The serial bus interface circuit 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

SDA pin D7 X¥D6 }¥D5 }D4 }¥D3 ¥D2 ¥D1 ¥DO ,‘< \ i(NewD7

Acknowledge signal
PIN _ I to a transmitter

<r|_:

interrupt request -

Figure 2-33. Example when BC = "000”, ACK = “1" in Receiver Mode
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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 serial bus interface circuit 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 serial bus interface circuit
generates a stop condition (Refer to 2.8.5. (4) ) and terminates data transfer.

gy —_————— g —

L

_________________________

Acknowledge signal
sent to a transmitter

L
A |

“001" - BC,
Read SBIDBR

INTSBI
interrupt request

"0" = ACK,
Read SBIDBR

Figure 2-34. Termination of Data Transfer in Master Receiver Mode

b.When the MST is “0"” (Slave mode)

In the slave mode, the serial bus interface circuit operates either in normal slave mode or in recovery
process after a noise detection.

In the slave mode, an INTSBI interrupt request occurs when the serial bus interface circuit 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 serial
bus interface circuit operates in a slave mode if a noise is detected. An INTSBI interrupt request
occurs when word data transfer terminates after a noise detection. When an INTSBI interrupt
request occurs, the PIN (bit 4 in the SBICR2) isreset, and the SCL pin is set to low level. Either reading
orwriting from or to the SBIDBR or setting the PIN to 1" releases the SCL pin after taking tLow time.

The serial bus interface circuit tests the AL (bit 3 in the SBISR), the TRX (bit 6 in the SBISR), the AAS
(bit 2 in the SBISR), and the ADOQ (bit 1 in the SBISR) and implements processes according to
conditions listed in the next table.

Table 2-5. Operation in the Slave Mode

TRX [ AL | AAS | ADO Conditions Process
1 0 1 0 In the slave receiver mode, the serial bus interface [ Set the number of bitsin 1-word to the BCand
circuit receives a slave address of which the value | write transmitted data to the SBIDBR.
of the direction bit sent from the master is “1".
0 0 In the slave transmitter mode, 1-word data is | Check the LRB. If the LRB is set to “1", set the PIN

transmitted. 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.

The serial bus interface circuit detects the noise
when transmitting a slave address or data and
terminates transferring word data.

There is a possibility that a serial bus interface
circuit does not receive data normally. The
recovery process such as a data re-transfer, etc. is
needed.

1/0

In the slave receiver mode, the serial bus interface
circuit receives a slave address or GENERAL CALL
of which the value of the direction bit sent from
the masteris "0".

Read the SBIDBR for setting the PIN to “1”
(reading dummy data) or set the PIN to “1”.

0 1/0

In the slave receiver mode, the serial bus interface
circuit terminates receiving of 1-word data.

Set the number of bits in a word to the BC and
read received data from the SBIDBR.
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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” to 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 pulled down by other devices, the serial
bus interface circuit generates a stop condition after they release a SCL line.

"1" > MST
“1" > TRX

npn Stop condition
0" —BB /_
1" PN ke A
LENVA R
1
- 1
1
1
1
1

SCL pin | e
1
1

SDA pin _\_J7_
PIN :_I /

BB (Read) I _

(5

Figure 2-35. Stop Condition Generation

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 the serial bus interface circuit.

Clear 0" to the MST, TRX, and BB and set “1” to the PIN. The SDA pin retains the high level and the
SCL pin is released. Since a stop condition is not generated on the bus, the bus is assumed to be in a
busy state from other devices. Test the BB until it becomes “0” to check that the SCL pin of the serial
bus interface circuit is released. Test the LRB until it becomes “1" to check that the SCL line of the bus
is not set to low level by other devices. After confirming that the bus stays in a free state, generate a
start condition with procedure (2).

In order to meet setup time when restarting, take at least 4.7 s 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.

SCL (Bus) / \
SCL (pin) / \

SDA (pin) ) /

"0" = MST “1" > MST
“0" - TRX “1" > TRX
“0" _>BB “1" _3BB
“1" 5 PIN “1" > PIN
|“4-7 [xs] (Min.) — Start condition

LN

———————fa

—r\(\_,/\

LRB ' \‘
¥

BB | |

v L

Figure 2-36. Timing Diagram when Restarting
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2.8.6 Clocked-synchronous 8-bit SIO mode control
The following registers are used for control and operation status monitoring when using the serial bus
interface (SBl-ver.A) in the clocked-synchronous 8-bit SIO mode.

Serial Bus Interface Control Register 1
7 6 5 4 3 2 1 0

SBICR1
(0020y) |SIOS| Is'\lla | SIOM ScK | (Initial value: 0000 0000)
1 1
SIOS | Indicate transfer start/stop 0:Stop
1:Start

0 : Continue transfer

SIOINH | Continue/abort transfer .
1 : 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 : f¢/25 ( 250 kHz)
001 : fc¢/26 ( 125kHz)
010 : f¢/27 (62.5kHz)
011 : f/28 (31.25kHz) >atf€=3'\"HZ<%pl.’t°n>
100 : f/29 (15.62kHz) SCkpin
101 : fc/210 (7.81 kHz)

110 : fc/211 (3.90 kHz) J
111 : External clock (input from SCK pin)

SIOM | Transfer mode select

Write
only

SCK | Serial clock select

Note 1: fc; high-frequency clock [Hz]

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

Note3:  SBICRI1 is a write-only register, which cannot access any of in read-modify-write instructions such as bit
operate, etc.

Note4:  Clearbit3to “0” in SBICR1.

Serial Bus Interface Data Buffer Register

SBIDBR
(0021,) | 7 6 5 4 3 2 1 0

A A A A A A A | (Initial value: **%x 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
(0023, :”7 6 5 4 3 2

SBIM i (Initial value:  *x%% 0Q**)
00 : Port mode (serial bus interface output disable)
SBIM Serial bus interface operation mode 01:S10 mode Write
selection 10 : 12C bus mode only
11 : reserved
Note1:  *;don’tcare
Note2:  Switch a mode to port after data transfer is complete.
Note3:  Switch a mode to SIO mode after confirming that input signals via port are high level.

Note4:  SBICR2 is a write-only regiter, which cannot access any of in read-modify-write instructions such as
bit operate, etc.
Note5:  Clearbits 7 to 5 in the SBICR2 to "0”, and set bit4 to “1”.

Figure 2-37-1. 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
SBISR 4 3 2 1 0

(0023H) [ERTETEITT .......... ”1" ”1" ”1"I

Serial transfer operating status 0: Transfer terminated
monitor 1 : Transfer in process Read
only

SEF | Shift operating status monitor 0 : Shift operation terminated
1 : Shift operation in process

Figure 2-37-2. 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 clock
rate, an automatic-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
|e——|

SCK pin output | L2 3 L7 ]e 1 2771 sl [71 [8] 1] [2] |3
sopmanen —\aXaer 2XEXE e, XXX EXEXE
_J iy g’

Write transmitted data :X a X b X C

Figure 2-38. 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-level and low-level in
the serial clock. The maximum data transfer frequency is 250 kHz (when fc = 8 MHz).

SCK pin I I_I r&-l I I I

H H H
tsckL tsckH
tsckL, tsckH > 4 teyc Note : tcyc =4/fc (in NORMAL mode, IDLE mode)

Figure 2-39. 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.
@® 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 clock (at a rising edge of the SCK pin input/output).

SCK pin Y:IVIVIVIVIVIVIVI
SO pin ?\bito X bitt X bitz2 X bit3 X bita X bits X bite X bit7

Shift register Xr6543210K7654321Xx2765432) s 5176543 e 155 7658% s £ 354765 K s 4134476 K x5 55427

(a) Leading edge

SCK pin IA:_lAIAIAIAIAIAIA
SI pin \bétO X bitt X bit2 X bit3 X bita X bits X bite X bit7

Shift register *****a**ﬁ******X’lOa****a Z’IO*****XQZ’IO**a* 43210*HX543210H 6543210+ X 76543210

(b) Trailing edge Note : *; don’t care

Figure 2-40. 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 SIOS 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 SIOS

SIOS

N

SIOF |
SEF _
SCK pin (output)
SO pin

INTSBI interrupt
request

SBIDBR
AoA
Write transmitted data (@) Internal clock
: Clear SIOS
SI0S
SIOF
SEF

SCK pin (input)

SO pin

INTSBI interrupt
request

SBIDBR
Write transmitted data (b) External clock
Figure 2-41. Transfer Mode
Example : Program to stop transmitting data (when external clock is used)
STEST1 : TEST (SBISR) . SEF ; If SEF =1 then loop
JRS F , STEST1
STEST2 : TEST (P3) . 6 ; IfSCK=0thenloop

JRS T , STEST2
LD (SBICR1) , 00000111B ; SIOS«0
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SCK pin I |
SIOF |

SO pin bit6 X bit /

— 3

tsopH = Min. 3.5/fc [s] (In normal mode, idle mode)

Figure 2-42. Transmitted Data Hold Time at End of Transmit

b.8-bit receive mode

Set the control register to receive mode and the SIOS to for switching to receive mode. Data is
received from the Sl 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 internal 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 before 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 complete. 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).

111 "

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 SIOS to “0”, read the last data, and
then switch the mode.
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[« Clearsios ——>1

[

.
sioF ] \ \r|<
R

SIOS

SEF

SCK pin (output)

Sl pin

INTSBI interrupt

request
SBIDBR X 3 X b
¥
Read received data Read received data

Figure 2-43. 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 SIOS 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 SI 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 SIOINH 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 SBIDBR contents are lost. In case that the mode needs
to be switched, conclude transmitting / receiving data by clearing the SIOS to “0”, read the last
data, and then switch the transfer mode.
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SIOS

SIOF

SEF

SCK pin
(output)
SO pin

Slpin
INTSBI interrupt

request

SBIDBR

fe————— Clearsi0§ —>1

*R ag A a1 ap az A aa ag ag A A7 bo by X by b3 by b5 b5 by
A €1 Y] G AC C5 A C7 do di A dy d3 dg d5 d5 dy
X a b Xa
Write transmitted Read received Write transmitted Read received
data (a) data () data (b) data (d)

Figure 2-44. Transmit/Receive Mode (Example : Internal clock)

SCK pin I I
SIOF I—
SO pin bit6 X Bit7inlast transmitted word 74
tsopH = Min. 4/fc [s] (In normal mode, idle mode)
Figure 2-45. Transmitted Data Hold Time at End of Transmit/Receive
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2.9 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.

2.9.1 Configuration

fe/211 >—
fe/210>—
fc/28 >—
fa27 >—
fc/26 >>j
5 . .
Egz > Ri:i':fet:'t :> Receive bit counter value monitor (RBCTV)
Y
|_Selector
RNC
Polarity . Interrupt
INT3/RXIN [} select Noise canceller Ay select :r’\ml':-eirupt
A INT. request
EINT
Measurement
width select 8-bit up- Remote control receive
| Selector ! counter counter register (RXCTR)
\ L< fe/26 A Match detect
fc/28 Shift register
2| 3 5 L—< fc/210 SRM
L < fe212 2 4 u
RPOLS RCCK  RMM RCS YCREGA ,
Remote control receive
RXCR1 RXCR2 data buffer register
(RXDBR)
Remote control receive Remote control receive
control register 1 control register 2

Figure 2-46. Remote Control Signal Preprocessor

2.9.2 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 I 6 5 4 I 3 2 . 1 . 0
(OFDOW) | ek [reois|  emr | RNC | (Initial value: 0000 0000)
00: fc/26 [Hz]
. 01: fc/28
RCCK [ 8-bit up-counter source clock select 10: f/210
11: fe/212
. . 0 : Positive
RPOLS | Remote control signal polarity select 1: Negative

00: Rising edge

01: Fallingedge  (when RPOLS = 0)
10: Rising/Falling edge Read/
11: 8-bitreceive end Write

EINT | Interruptsource select

000 : Noise canceler disable
001 : 22/fcx7-1/fc [s]

010 : 25/cx7-1/c

Noise canceller noise eliminatingtime 011 :  26/fcx7 - 1/fc

select 100 @ 27/fcx7-1/fc

101 @ 28/fex7-1/fc

110 : 210/fex7-1/f¢

111 2WMHfex7-1/c

RNC

Notel : 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 RMM.

Remote control receive control register 2

RXCR2 7 6 5 4 3 2 1 0
(OFD1y) | T reGa | [ kes | [ rm | (Initial value: 0000 0+00)

Match detect time (Tth) = 16 x CREGA/RCCK [s]

Setting of detect time for match with CREGA=0ytoFy

8-bit up-counter upper 4 bits Example : CREGA = 2y, RCCK = f¢/26 [Hz] , at fc =8 MHz
Tth =256 [xs]

0 : Stop and counter clear

CREGA

RCS | 8-bit up-counter start control ) Read/
1: Start Write
00:
Measurement mode select (invalid 01:
RMM -6.
when EINT = “10") 10: Refer to 2-6
11:
Notel : fc; High-frequency clock [Hz], *; don’t care
Note2 : When an interrupt source is set for rising/falling edge, low and high widths are forcibly measured

separately.
Note3 : Set CREGA (0y to Fy) before EINT sets to 8-bit receive end.

Figure 2-47. Remote Control Receive Control Register 1, 2
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Remote control receive counter register

7 6 5 4 3 2 1 0
RXCTR | T T T T T T T |

(0OFD2y)

Read Only
(Initial value : 0000 0000)

Remote control receive data buffer register

RXDBR 7 6 5 4 3 2 1 0

(OFD3H) | T T T T T T T | Read Only
(Initial value : 0000 0000)

Remote control receive status register

7 6 5 4 3.2 1 o0
IOVFF|SRM |RNCM|

RXSR T T T (Initial value : 0000 = 000)
torta) | RBCTM |

RBCTM | Receive bit counter value monitor

OVFF | 8-bit up-counter overflow flag 0 No overflow
1 : Overflow Read
. . . 0 : Upper 4bits of 8-bit up-counter < CREGA Only
SRM Data buffer register input monitor 1: Upper dbits of 8-bit up-counter = CREGA

Remote control signal monitor after

RNCM , _
passing through noise canceller

Note : *; don’t care

Figure 2-48. Remote Control Receive Counter Register, Data Buffer Register, Status Register
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Table 2-6. Combination of Interrupt Source and Measurement Mode

RPOLS EINT RMM Interrupt source Measurement mode
00
—1 | - L
00 10 T_l_f — <> <—
1 NN
01 ] ]
1 1 L
01 10 —> <> | «<—
. e
11 <> <>
[<] <]
10 S I 2 T A B e e e
00
—1 | - L
1" Receive end
10 — > | <—
00
1 1 | I
00 10 % % <> <>
11 — <> |«—
01
1 | - I
01 10 _|Z|_|Z|_
1 T O
11 —> <> -——
10 — T 1 T % — > <—
00
1 1 —
11 Receive end
10 <> <>
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2.9.3 Noise elimination time setting
The remote control receive circuit has a noise canceller. By setting RNC in RXCR1, input signals shorter
than the fixed time can be eliminated as noise.

Table 2-7. Noise Elimination Time Setting

RNC Minimum signal pulse width atfc=8 MHz Maximum.no.isewidth tobe at fc=8 MHz
eliminated

000 — —

001 (25 +5)/fc [s] 4.63  [us] (22x7-1)/fc [s] 3.38  [us]

010 (28 +5)/ fc 32.63 (25x7-1)/1c 27.88

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

100 (210+5)/fc 128.63 (27x7-1)/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) / fc 2.049 (211x7-1)/fc 1.792  [ms]

2.9.4 Operation
(1) interrupts 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-
counter is cleared, an INT3 request is generated, and the 8-bit up-counter resumes counting.
If the 8-bit up-counter overflows (FF4) 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 RCS to “1” zero-clears OVFF.
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(2) 8-bitreceive end interrupts and measurement modes
By determining one-cycle remote control 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 setto “0001B" at the rising edge of the input (when RPOLS
= 1, falling edge) after the INT3 request is generated.

\\

RNCM | ((
RCCK | 881 | | |78_| |—|_
A S — | Ja
counter value
AN Setto “1” by command.
RCS ((
OVFF ))
\Y
R f bit A\Y
counte:re\ll\;?uel* n-1 X n //
A\Y
RBCTM+ _n-1 Xn v
INT3 )) 22
request

ANY A

0

A\

<L\

3/—'\

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

Figure 2-52. Overflow Interrupt Timing Chart
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2.10 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 CINO can also be used as ports P57 to P54.
When used as a comparator input, the output latch should be setto “1”.

2.10.1 Configuration

Comparator input control register

CMPCR
SCN 3% ECMP , ,
v Comparison result register
P57 (CIN3) [J— - \l CMPDR
PS6(CIN2) O—] © 5
- v
PS5 (CIND D_E : 6-bit D/A convertor Veer COUT3 to COUTO
v
P54 (CINO) [] ﬁSVREF Comparator
CMPDR

Comparator input reference voltage setting register

Figure 2-54. 6-bit A/D Conversion (Comparator) Inputs
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2.10.2 Control

A/D conversion (comparator) inputs are controlled by a 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

CMPCR 2 ! 0
(000ER) , SCIN | (Initial value : 0% *000)
. 0 : Disable Comparatorinput
ECMP Comparator input control 1 : Enable Comparator input
000 : 1 channel (CINO) write
Number of Comparator 001 : 2 channels(CINOto 1) only
SCIN inout channels select 010 : 3 channels(CINOto 2)
P 011 : 4 channels(CINOto 3)
1** : Reserved
Notel : *;don’tcare
Note2 : The CMPCR s a write-only register and must not be used with any of the read-modify-write

Comparator Input Data Register

instructions such as bit operate, etc.

3 2 1 0
CMPDR , SVREF | , | (Initial value :  **00 0000)
(000Fy)
{couTs|cout2 [ couTt [couTo]
Ref | \' it
svrer | Reference voltage (Vier) Vrer = Vo X (SVREF + 1) /64 V] (SVREF = 0 t0 63) write
setting only
couTs . Result of comparing the CIN3 to CINO pin analog input read
to Comparison result .
CouUTo voltage with the reference voltage. only
Notel : *;don’tcare
Note2 : The SVREF has write-only bits and must not be used with any of the read-modify-write instructions
such as bit operate, etc.
Note3 : When a read instruction for CMPDR, bits 7 to 4 are read in undefined data.

Figure 2-55. Comparator Input Control Register and Data Register
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2.10.3 Function
Reference voltage (VRrer) is set with SVREF (bits 5 to 0 in CMPDR).

VRer = Vpp 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 channels 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 COUTO0) should be read out at an interval equal to [number of channels x 2 machine cycles]
after setting the reference voltage (VrRep). COUT3 to COUTO are set to “1” if the input voltage (pins CIN3
to CINO) is higher than the reference voltage (VRer) ; otherwise those are cleared to “0”.

Note1:  When entering STOP mode, ECMP is automatically cleared and SCIN/SVREF are held. And, COUT3 to
COUTO are always setto “1”.

Note2:  Any pinsspecified for comparator input with SCIN can no longer be used for normal digital input and,
are read outas”0”.

Note3:  COUT3 to COUTO are read out as "1” when not used as a comparator input. For example, bit 3 in CMPDR
is always read out as “1” when SCIN =010g.

Example : Comparatesthe CIN3 to CINO inputs with VRep=2.5V (atVpp=5V).
LD (P5), 11111111B ; Setport P5 output latchesto “1”.

LD (CMPDR), 00011111B ; SetVREF=25V

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

; 4ch x 2 machine cycles -2 =6 machine cycles wait.

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

Table 2-9. Reference Voltage (atVpp=5V)

SVREF - VRer [V]
5:4:3:2:1:0
0.0.0.0. .0 01 .. 0.078 .
0.0.0. .0 0 1. 0.156 ..
0..0.0.0 1.0 1. 0.234 .
e 4844
Ao a0 4922 .
1 1 1 1 1 1 5.000
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2.11  Pulse Width Modulation Circuit Output
87CH36/K36/M36 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 1/0 ports as; P40 (PWMO0) to P47 (PWM7), P50
(PWMS), P51 (PWM9). When these ports are used as PWM outputs,the corresponding bits of P4, P5
output latches and input/output control latches should be setto “1”.

2.11.1 Configuration
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2.11.2 PWM output wave form
(1) PWMO output

This is 14-bit resolution PWM output and one period is Tyg = 215/fc [s].
The 8 high-order bits of the PWM data latch control the pulse width of the pulse output with a
period of Ts (Ts = Tna/64), which is the sub-period of the PWMO0. When the 8-bit data are decimal n (0
= n=255), this pulse width becomes n x tg, where tg = 2/fc.
The lower 6-bit of 14 bit data are used to control 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 Ty, period. The relationship between the 6 bits data
and the position of Ts period where the additional pulse is generated is shown in Table 2-10.

Table 2-10. Correspondence between 6 Bits Data and the Additional Pulse Generated Ts Period

Bit position of 6 bits data Relative position of Ts where the output pulse is generated.

(Numberi of Ts ;) is listed)

Bit 0 32

Bit 1 16, 48

Bit 2 8, 24, 40, 56

Bit3 4, 12, 20, 28, 36, 44, 52, 60

Bit4 2,6, 10, 14, 18, 22, 26, 30, -+, 58, 62

Bit5 1,35 7,9 11,13, 15, 17,-+, 59, 61, 63

Note : When the corresponding bit is 17, it is output.

(2) PWM1 to PWM9 outputs
These are 7-bit resolution PWM outputs and one period is Ty = 28/fc [s]. When the 7-bit data are
decimal k (0 = k =127), the pulse width becomes k x tg. The wave formiisillustrated in Figure 2-57.

Tm = 64Ts
Ts(0) Tsq) Ts (63)
< > 1) > | < tg
nxty
PWMO
G
2
Pulse width=nxtg Pulse width= (n+ 1) tg
]
PWM1
to
PWM9 « I

[« Pulse width =k x

Note 1:  Itisshown to the additional pulse Ts (1) and Ts (g3) of the PWMO.
Note2:  Ts=29/fc(64 us, at fc =8 MHz), Ty =28/fc (32 us, at fc =8 MHz)

Figure 2-57. PWM Output Wave Form
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2.11.3 Control
PWM output is controlled by PWM Control Register (PWMCR) and PWM Data Buffer Register (PWMDBR).
The status of transfer PWM data from PWMDBR to PWM data latch is read by PWMEOT of PWM status
register (PWMSR).

PWM Control Register
7 6 5 4 3 2 1 0

PWMCR : : : : PWMDLS | (Initial value: *%%* 0000)
(OOZSH) e e 1 1 1
0000 : Lower 6-bit of PWMO
0001 : 8High-order bits of PWMO
0010 : PWMI1
0011 : PWM2
0100 : PWM3
. 0101 : PWM4 .
| f PWM latch write
PWMDLS Selection o data latc 0110 : PWMS |
and request of data transfer 0111 : PWM6 only
1000 : PWM7
1001 : PWMS8
1010 : PWM9
1011 : reserved
1100 : PWM Data Transfer Request
1101 : reserved
111* : reserved
Note: *; don’tcare
PWM Status Register
7
PWMSR pwmcor| (Initial value: 0111 1111)
PSR o]
PWMEOT |End of PWM data transfer flag 0: End of Transfer read
1 : Under Transfer only

PWM Data Buffer Register
7 6 5 4 3 2 1 0
PWMDBR | : : : : : : : | write only
(0026H) - - - - - - -

Figure 2-58. PWM Control Register / PWM Status Register / PWM Data Buffer Register

87CH36-90 2004-10-01



TOSHIBA TMP87CH36/K36/M36

(1) Programing of PWM data
PWM output is 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 PWMDBR.

3.  Write “0CH" to the PWMCR.
When transferring of the output data is completed, the PWMEOT becomes “0”, indicating that
the next data can be written. Do not write PWM data when the PWMEOT is “1” because write
errors can occur in this case.

Note : When writing the output data to PWMO data latch, write “0Cy” to the PWMCR after
writing of the 14-bits 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 point at which “0Cq” is written to the data latch until PWM
output is switched is 215/fc [s] (4.096 ms, at fc =8 MHz) for PWMO0 output and 29/fc [s] (64 us, at fc=8
MHz) for PWM1 to PWM9 output.

Example : PWMDO pin outputs a PWM wave form with a low-level of 32 xs width and no additional
pulse.
PWMT1 pin outputs a PWM wave form with a low-level of 16 xs width.
PWM?2 pin outputs a PWM wave form with a low-level of 8 s width.

Note : at fc=8 MHz

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

LD (PWMDBR), O0OH ; No additional pulse

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

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

LD (PWMCR), OCH ;  Request PWM Data Transfer
WAITO : TEST (PWMSR). 7 ;  PWMEOT=0?

JRS F, WAITO

LD (PWMCR), 02H :  Select PWM1

LD (PWMDBR), 40H ; 16 us+2/fc=40y

LD (PWMCR), OCH ;  Request PWM Data Transfer
WAIT1 : TEST (PWMSR). 7 ;  PWMEOT=07?

JRS F, WAIT1

LD (PWMCR), O03H ; Select PWM?2

LD (PWMDBR), 20H ; 8us+2/fc=20y

LD (PWMCR), OCH ;  Request PWM Data Transfer
WAIT2 : TEST (PWMSR). 7 ;  PWMEOT=0?

JRS F, WAIT2
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2.12 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 PLL IC or peripheral ICs. When P52 port is used as the
pulse output, set P52 output latch to “1”.

Pulse output control command register

a8 s 32 L
PULSECR f ! ! : T SPF | ! (Initial value: #x%x 111%)
(0027H) et e e 1 1
000 : f¢/27 [HZ] ( 62.5kHz, fc=8MHz)
001 : fc/26 ( 125kHz, “ )
010 : f¢/25 ( 250kHz, )
SPF Select pulse frequency 011 : fc24 ( 500kHz, ) Read/
100 : f¢/23 ( TMHz, ) Write
101 : f¢/22 ( 2MHz, )
110 : reserved
111 : Disable the pulse output
Note : fc; High-frequency clock *; don’tcare
Output latch
Output data D Q P52 (PULSE)
Selecter
fc/27 >—— A
f¢/26 >—— B
fa/25 >——C
fc/24 >—D Y
fc/23 >—E
fc/22 > —F
vDD
L H S
3
SPF
| PULSECR

Pulse Output Control Command Register

Figure 2-59. Pulse Output Circuit
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2.13  On-Screen Display (OSD) Circuit
The TMP87CH36/K36/M36 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:

@ 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

@ Charactersizes 3 (selectable line by line)

® Display colors Character colors : 8 (selectable character by character)
Fringe color . 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 : 128steps; vertical : 256 steps

@ Full-raster blanking function

@ Blinking function

@ Reverse function

@ Reverse Blinking function

® Window function

2.13.1 Configuration

INTOSD
0sC1 — nterrupt
D_) Oscillation | 0SD control | reques

circuit fc
0sC2
D<— L‘ Horizontal position | g E =
counter >
_ L »| Displaymemory | N2
P70 (FD) [} A AL 24 % 12 x 13 bits V5 B L
| Horiz%ntaldposition ': Character ° |B |3 —>D P67(Y/BL)
ecoder 4 L
code aole, |5 Ldres®
> Character ROM —I\ == oo _’D P65 (G)
Vertical position | T e Y B <
| counter 128 x 14 x 18 bits Character|~ v 64 ()
V5] o > I:I
P71(VD) [] A AL data < o0
| Vertical position '-_
decoder

Figure 2-60. OSD Circuit
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2.13.2 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 charactersin 14 x 18 dots (character codes 004 to 7Fy). Each dot corresponds to
one bitin the character ROM. When a bitin 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 404 + 4000y
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 004.
Set all unused bits (bit 7 with Oy to 84 in the lower 4-bit of an address) to “1” and write the data
“FFH" to all unused address (the lower 4-bit of an address are 9 to Fy) in character ROM.
Figure 2-61. (a) shows an example of the character font configuration for the character code 00y and
014, together with the ROM addresses and data.
Figure 2-61. (b) shows the character ROM dump list for these 2 character fonts .
Note 1: CRA, Character code (004 to 7Fp)

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 address 4000y to 5FFFp.

Address | Data Bit Bit Adress |Data Address | Data Bit Bit Address | Data
(Hex) |(Hex)| 6543210/6543210 | (Hex) |(Hex (Hex) |(Hex) | 6543210[6543210 | (Hex) |(Hew
4000 80 4020 80 4040 80 11 1] 4060 80
4001 80 4021 80 4041 80 4061 80
4002 80 4022 80 4042 83 4062 EO
4003 80 4023 80 4043 8C 4063 F8
4004 80 4024 80 4044 90 4064 FC
4005 80 4025 80 4045 Al 4065 BE
4006 80 4026 80 4046 A1 4066 BE
4007 80 4027 80 4047 co 4067 FF
| 4008 80 4028 80 4048 0 4068 EE
4010 80 4030 80 4050 %) 4070 FF
4011 80 4031 80 4051 cC 4071 E7
4012 80 4032 80 4052 AC 4072 E6
4013 80 4033 80 4053 A0 4073 FE
4014 80 4034 80 4054 90 4074 FC
4015 80 4035 80 4055 8C 4075 F8
4016 80 4036 80 4056 83 4076 EO
4017 80 4037 80 4057 80 4077 80
4018 80 4038 80 4058 80 HEEN 4078 80
(Character code 00y) (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 80 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 80 83 8C 90 A1l A1l CO CO FF FF FF FF FF FF FF
4050/ CO CC AC A0 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 2-61. 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 forwriting display data to the display memory. One modeisforwriting 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). Howthe display dataiswrittento the display memoryisdescribed insection 2.13.3(18).
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Display memory configuration
e Character code specification register (7 bits) -~ CRA6to0

® 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

I RBF | RVF | BLF | RDT | GDT | BDT |CRA6 | CRAS | CRA4 | CRA3 | CRA2 | CRA1 |CRAO |
\ / \ /

Color data Character code specification register
specification register

Blinking specification register

Reverse specification register

Reverse blinking specification register

Figure 2-62. Display Memory Bit Configuration

Characte

fow 1123|4567 8|9 ]|10|11|12(13]14]|15|16[17|18]|19]|20[21|22]23]|24
1 000(001(002 (003|004 |005|006|007 008|009 [00A|00B [00C(00D|00E|00F|010|011)|012|013(014(015(016|017
2 020]021(022)023]024(025)|026|027 (028|029 |02A(02B|02C(02D(02E | 02F {030 (031|032 (033|034 |035 (036|037
3 |040|041 057
4 060 (061 077
5 080(081 097
6 |oaojoar 0B7
7 locoloci N\ 0D7
8 OEO|OE1 OF7
9 |100f101 N\ 117
10 |120[121 137
11 |140[141 157
12 160|161 — 176 (177

Note: Numerals in the table indicate (hexadecimal) addresses in the display memory.

Figure 2-63. Display Memory Address Configuration

2.13.3 OSD circuit control

The OSD circuit is controled by using the OSD control registers assigned to addresses 0F80y to OF9AH in
the data buffer register (DBR). For write to or read from the OSD control registers, see section 2.13.3 (19).
The OSD 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).

Note : 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 HS16 to HS10 (bit 6 to 0 in ORHS1). The vertical display start position of the line 1 is set with
VS17 to VS10 (in ORVS1). The vertical display start position of the line 2 to 12 are determined by
setting VS27 to VS20 ... VS127 to VS120 (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 =(HS16 to HS10) yx 2Tosc + 11Tosc (Line1 to 12)

When FORS is “1” (Double frequency mode)
HS1 =(HS16 to HS10) y X Tosc + 6.5Tpsc (Line1 to 12)

Note : Tosc, One cycle of OSC oscillation

Vertical display start position
Specification unit: Line
Specification steps : 256
Specification vertical display start position : Line1: VS17toVS10
Line2: VS27toVS20

Line12: VS127 to VS120

S LT T T ] Line1
HENNERIERIENINNlINRENNEE Line2

Line 3

Line 4

Line 7

Line 12

B \_ J
: (Settings)

Lines 1,2,7,and 12 . Display on, small character
Line 3 . Display on, middle character
Line 4 . Display on, large character
Lines5,6,8,9,10and 11 : Display off

Figure 2-64. TV Screen Image
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When VDSMD is “0” (Normal mode)
Line n : VSn =(VSn7 to VSn0) H X 2THD (n; 1to 12)

When VDSMD is “1” (Double scan mode)
Linen : VSn =(VSn7 to VSn0) y X 4THD (n;1t012)

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

Prnmas N\ —- 1
VS3 (display on, small character) //////////%/? __________________________ |

Occasion of overlapping

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 register to “1".

Scan mode select register (1 bit) -+ VDSMD (bit 3 in ORETC)
“0" -+ Normal mode
“1" Double scan 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»|  OsD
clock circuit
0sc doubler 8 S
L FORs

L JUUtL

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

OSC frequency select register (1 bit) --- FORS (bit 4 in ORDON)
“0" -+ Normal mode
“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
CS11,CS10...CS121, CS120 (ORCS4, ORCS8, and ORCS12) 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: CS11and CS10
Line2: CS21and CS20

Line 12: €S121and CS120

Table 2-10. Character Size and Display On / Off Specifications (n; 1to 12)

csSn1 CSno Character size Display on/off
1 1 Small On
1 0 Middle On
0 1 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 2-11. Dot and Character Sizes

VDSMD = 0 VDSMD = 1
(Normal mode) (Double scan mode)
Dotsize Character size Dot size Character size
Small 1Tosc X 1Typ 14Tosc X 18 Typ 1Tosc X 2Thp 14 Tosc X 36 Typ
(n;r?nzsl ;:de) Middle 2Tosc X 2Tup 28 Tosc X 36 Tup 2Tose X 4Tup 28 Tosc X 72 Tup
Large 4Tosc X 4Tup 56 Tosc X 72 Thp 4Tosc X 8 Thp 56 Tosc x 144 Typ
FORS = 1 Small 0.5Tosc x 1 Typ 7Tosc X 18 Tup 0.5Tosc X 2Typ 7 Tosc X 36 Tup
(double frequency Middle 1Tosc X 2Thp 14 Tose X 36 Typ 1Tose X 4Thp 14 Tose X 72 Typ
mode) Large 2Tosc X 4Thp 28 Tosc X 72 Thp 2Tosc X 8Tup | 28Tosc x 144 Thp

Note : Tgosc; One cycle of OSC oscillation Tup; One cycle of HD signal

(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)

“0" .- Disable smoothing

“1" .- Enable smoothing

ESMZ (bit 4 in ORETC)
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(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 small 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 right 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 registerto “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 (1 bitx 12) -+ EFRn (n: 1to 12) (OREFR and bit 3 to 0 in ORP6DS)
“0" - Disable fringing
" 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.

(a) Smoothing (b) Fringing (c) Priority of Smoothing and Fringing

Figure 2-65. Smoothing/Fringing/ Priority 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). Exceptthe character area whose character code is 00y.
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 (bit 5to 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 (bit 7 in ORBK)
“0" - Disable background
“1" . Enable background

Background color specification unit: Display page
Background color specification registers (3 bits) -- RBDT, GBDT, BBDT (bit 5 to 3 in ORBK)

Note: When the background color function is used, the blank character (code 00y) 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 6 in ORBK)
“0" .- Disable full-raster blanking
“1" .- Enable full-raster blanking

Full-raster blanking color specification registers (3 bits) -+ RBDT, GBDT, BBDT (bit5to 3 in ORBK)

(9) Reverse function
This function is used to reverse the background and character colors. However, when fringing is

specified, the fringe color does not change.
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" -+ Disable reverse
“1" - Enable reverse
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(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.

Reverse blinking specification unit: Character
Reverse blinking specification register (1 bit) -~ RBF (bit5in ORDSN)
“0" -+ Noreverse blinking
" Reverse blinking
Reverse blinking master specification register (1 bit) - RBMF (bit 5in ORETC)
“0" .- Disable reverse blinking
M Enable reverse blinking
(Characters whose RBF is set to “1” are reversed the background and character

colors.)
Table 2-12. Display Mode
RBF RVF RBMF Display
0 0 * Normal
0 1 * Reverse
: P N o____J____1 Normal ____
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 color is not disappeared.)

Blinking specification unit: Character
Blinking specification register (1 bit) -+ BLF (bit 3 in ORDSN)

“0" - Noblinking
" Blinking
Blinking master specification register (1 bit) - BKMF (bit6in 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 CRAO (bit 6 to 0 in ORCRA)
Character code “004" -+ Blank character
Character code "014" to "7FQ" - User programmable by character ROM
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(13) Character color
Character colors: 8
Character color specification unit: Character
Character color specification register (3 bits) -+ RDT/GDT/BDT (bit 2 to 0 in ORDSN)

Table 2-13. Character Color

RDT GDT BDT Character Color
0 0 0 Black
0 0 1 Blue
0 1 0 Green
0 1 1 Cyan
1 0 0 Red
1 0 1 Magenta
1 1 0 Yellow
1 1 1 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 falling edge of the VD signal and
which increments when last scanning of each display line is completed (falling edge of the HD signal).
Itisnecessaryto beread outdisplayline counter several times, because it does not synchronize CPU clock.

Display line counter register (4 bits) -- DCTR (bit 3 to 0 in ORIRC)
“0000” ---  Nodisplay line is completed.

“0001" ---  1'stdisplay line is completed.
“0010" ---  2'nd display line is completed.
to
“1111" == 15’th display line is completed.
Display line

VDsignal  counter

m
—
J [N [— |
‘_I 1"st Display Line | Display on
[l b
1 L _2'ndDisplayline _y Display off
2 ‘_I 3'rd Display Line | Display on
a ‘_I 4’th Display Line with all blank characters I Display on
zQp
9 I 10'th Display Line | Display on
><
10 ; - - )
I 11'th Display Line | Display on
><
" I 12'th Display Line I Display on
><
12

Note : The display line counter also increments when a line with all blank characters or a line with
display off is specified.

Figure 2-66. Display Line Counter
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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" --- Interruptrequest is generated when a falling edge of VD signal.

Interrupt generation line specification register (4 bits) --- 1SDC (bit 3 to 0 in ORIRC)

“0000” - Interrupt request generated when the display line counter is cleared.

“0001” --- 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

(15) P6 port output select function
This function is used to select whether the contents of port P67 to P64 will be output orR, G, B, Y/BL
signals of the OSD circuit will be output on pins P67 to P64.
P6 port output select registers (4 bits) P67DS to P64DS (bit 7 to 4 in ORP6DS)
“1" .. R, @G,B,Y/BLsignal output
“0" - Port contents 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 ORIRC)
Table 2-14. Control of OSD Output Polarity

Symbol Output port Data “0" Data “1"
BLIV BL Active High Active Low
YIvV Y Active High Active Low

RGBIV RGB Active High Active Low

(17) Y/BL signal 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 ORETC)

“0" - Ysignal output
“1" .. BLsignal output
Y signal Logical OR for R, G, B Character data, and Fringing data.

BLsignal -+ When EXBLis “0":
Outputin all display character areas

(except for character code 004: blank character)

When EXBLis “1":

Outputin the whole page
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(18) Writing display data to the display memory
Data are written to the display memory using DMA8 to DMAO, CRA6 to CRAOQ, RDT, GDT, BDT, BLF,
RBF, RVF, and MBK registers.

Display memory address specification register (9 bits) -
DMAS8 to DMAQ (bit0 in ORETC and ORDMA)

Display memory bank switching register (1 bit) -~ MBK (bit1in ORETC)
“0" -+ Forchanging either character code or character ornamentation
“1" -+ For changing both character code and character ornamentation

Note 1:  Don't use the 2 bytes transfer operation such as [LDW (HL), mn] when accessing to
display memory.

Note2: 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

¢ Over 2 instruction cycles

Write a data to the display memory

¢ Over 2 instruction cycles

Write a data to the display memory

Example : Setting a character code (20y) to the display memory (Address : 120 to 121R)

LD HL, ORCRA ; Set ORCRA address to HL reg.

LD A, 204 ; Load character code to A reg.

LD DE, ORDMA ; Set lower 8-bit addresses to DMA7 to 0

LD (DE), 204

LD DE, ORETC ; Set the most upper address to DMAS8 and set MBK to “0"
LD (DE), 00000001B

LD DE, ORDMA ; Set lower 8-bit addresses to DMA7 to 0

LD (DE), 204

LD DE, ORETC ; Set the most upper address to DMAS8 and set MBK to “0"
LD (DE), 00000001B

NOP ; Insert 2 instruction cycles

NOP

LD (HL), A ; Write a character code to display memory (Address : 120y)
NOP ; Insert 2 instruction cycles

NOP

LD (HL), A ; Write a character code to display memory (Address : 121y)

Note 3:  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 code and character ornamentation.

®
@

©)

@

Write lower 8-bit addresses of display memory to DMA7 to DMAO (in ORDMA).

Write the most upper addresses of display memory to DMAS (bit 0 in ORETC) and set MBK (bit 1 in
ORETC) to "1".

Note: It is necessary to write all bits of display memory address, writting DMAS8 after DMA7 to
DMAO, 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 CRAD.
At this time, character code is transferred to the display memory together with the character
ornamentation data which is written in @ and DMAS8 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 1 in
ORETC) to “0".

Note: It is necessary to write all bits of display memory address, writting DMAS8 after DMA7 to
DMAO, 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 CRAD.

At this time, written data are transferred to the display memory and DMAS8 to DMAOQ are
automatically incremented.
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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 1 : Do not write the contents of OSD control registers during RGWR flag is “1”. If contents of

OSD control registers are written during RGWR flag is “1”, the written data are broken.

Note2: Do notclear RGWR registerto “0”. If RGWR register is cleared to “0”, the contents of
OSD contrd registers may be transferred to OSD circuit at unexpected timing.

Note 3 : Insertover 3 instruction cycles between the instruction which sets RGWR registerto “1”
and the instruction which checks RGWR flag.

Note 4 : Transferthe contentsofall OSD control registers which affect displaying characters into
OSD circuit before the position of scanning line coincides with their own vertical display
start position.

Example 1: In the case of writing the data into OSD registers, setting RGWR register to “1” and
checking RGWR flag

Writing the data into OSD registers

!

LD  A,(TEMP__ORDON) ; Set bit 2 of work-areato “1"
SET A2

LD  HL,ORDON ; Set RGWR register to “1” (Request data transfer)
LD (HL), A

NOP ; Insert 3 instruction cycles
NOP
NOP
CHECK_RGWR__FLAG:
TEST (HL).2 ; Check RGWR flag until RGWR flag is “0”
JR F, CHECK_RGWR__FLAG

Example 2: In the 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

¥

LD  A,(TEMP__ORDON) ; Setbit2 of work-areato “1”
SET A.2
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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 L] L]

|<- In the case of setting RGWR to “1” during this period ->|

RGWR register —, Set RGWR register

Data transfer pulse

< Transfer the contents of OSD

—> <— 3instruction cycles ' : e
HI registers into OSD circuit

RGWR flag |

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 _|_|-SS_|_| L]

|<— In the case of setting RGWR to “1” during this period ->|

Display line (for 1line) I ’ I—

The end point of display

<

RGWR register —,z RGWR register

Data transfer pulse P
. . 27
— i< 3instruction cycles ( Transfer the contents of OSD
e registers into OSD circuit

RGWR flag | [~
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For registers (DMA8 to DMAO, CRA6 to CARO, RDT, GDT, BDT, BLF, RBF, RVF, MBK) used for
updating the display memory, P67DS to P64DS, YBLCS, BKMF, RBMF, ESMZ, VDSMD, FORS, and
RGWR, the data become valid as soon as they are written.

Written data transfer register (1 bit) -+ RGWR (bit 2 in ORDON)
“0" - Initial state
“1" .- Transfer written data to OSD 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)
“0" -+ Transfer completed.

" During transfer

(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
" Enable display

Note: Do notstart 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 1 in ORDON ) in the OSD control register to “1".

Window specification unit: Display page

Window function enable specification register (1 bit) - EWDW (bit 1in ORDON)
“0" -+ 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"” (Normal mode) :
WVSH = (WVSH7 to WVSHO) 4 X 2THD
WVSL = (WVSL7 to WVSLO) 4 x 2THp
When VDSMD is “1" ( Double scan mode) :
WVSH = (WVSH7 to WVSHO) 4y x4THp
WVSL = (WVSL7 to WVSLO) 4 X 4THp
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Note 1: Typ; One cycle of HD signal
Note2: WVSL> WVSH = “1”

Note 3: Modify the value of window upper and lower limit register as follows:

1. When WVSHnew = WVSHoLD
Finish to transfer the new value, during VD signal is low or before the
position of the scanning line coincides with WVSHngyy.

2. When WVSL > WVSHNew > WVSHoLD
Finish to transfer the new value, during VD signal is low or before the
position of the scanning line coincides with WVSHoyp.

3. When WVSLnew = WVSLolp
Finish to transfer the new value, during VD signal is low or before the
position of the scanning line coincides with WVSLnew.

4. When WVSLnew > WVSLoip
Finish to transfer the new value, during VD signal is low or before the
position of the scanning line coincides with WVSLo, p.

Note 4 : Itisrecommendable that the window function is always enabled (EWDW = “1”) and set
WVSH to “01y”, WVSL to “FEn”. When the window function should be set to disable,

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.

WVSH ._>,,///,,
7 [ Only this area is displayed.
WVSL --> Z

TV screen

...... : _ ......... ............... .SS

WVSH

{(.

)]
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(22) OSD 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
ORHS1 [ . .
(OF80,) | "0" |HS16 | Hst5 | Hst4 | Hst3 | Hsi2 | Hsi1 | HS10] (initial value: 000 0000)
| HS16to 10 | Horizontal display start position VX,','ﬁ,e
7 6 5 4 3 2 1 0
ORVS1 "
g1y | V17 |vsi6|vsts|vsia|vsi3|vsi2|vsi1|vsto| anitial value: 00000000)
8‘;;’31)2 |vs1 27|vs1 26|VS1 25|vs1 24|vs1 23|vs1 22|vs1 21 |vs120| (Initial value: 0000 0000)
H
| VSn7to 0 | Vertical display start position for line n V(‘,’r','ﬁ,e
(n=1t012)
Note 1:  Ifdisplay lines are overlapped each other, previous display line is enabled and next line is
disabled. Set the vertical display start position not to overlap display lines.
Note2:  Transfer the contents of vertical display start position registers into OSD circuit before a
position of the scanning line coincides with their own vertical display start position.
7 6 5 4 3 2 1 0
ORCSA | csa | 3 | o2 | st | (nitialvalue: 00000000)
(OF8Dy) 1 L 1 L
ORCSS | cs8 | 7 | o6 | css | (nitialvalue: 00000000)
(OFSEH) 1 1 1 1
ORCS12 | cs12 | cs11 | cs10 | cs9 | (Initial value: 0000 0000)
(0F8FH) 1 1 1 1
00: Display off
Character size and display on/off for 01 :Large size Write
sn linen 10 :Middle size only
11 :Small size
(n=11t012)
OREFR 7 6 5 4 3 2 1 0
0F90
(OF90H) | EFR8 | EFR7 | EFR6 | EFRS | EFR4 | EFR3 | EFR2 | EFRT | (Initial value: 0000 0000)
_ —_— . 0: Disable fringing Write
EFRN Fringing enable specfication register 1: Enable fringing only
(h=1t08)
Note : When adisplay 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.
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ORP6DS
(0F91,)

ORWVSH
(0F92y,)

ORWVSL
(OF93,)

ORBK
(0F94yy)

TMP87CH36/K36/M36
7 6 5 4 3 2 1 0
|P67DS|P66DS|P65DS|P64DS| EFR12 | EFR11 |EFR1O | EFR9 | (Initial value: 0000 0000)

P67DS to 0: Port contents output
P64DS P port output select 1: R,G,B, Y/BLsignal output Write

— e . 0: Disable fringing only
EFRm Fringing enable specification register 1: Enable fringing

(m=9t012)

Note : When adisplay 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.

7 6 5 4 3 2 1 0

|WVSH7|WVSH6|WVSH5|WVSH4|WVSH3|WVSH2|WVSH1|WVSHO| (Initial value: 0000 0000)

| WVSH7 to 0 | Window upper limit position (WVSL > WVSH = 1) | Vc\,/{,ﬁ,e |
7 6 5 4 3 2 1 0
|WVSL7 |WVSL6|WVSL5 | WVSL4|WVSL3 |WVSL2 |WVSL1 |WVSLO| (Initial value: 0000 0000)
| WVSL7to 0 |Window lower limit position (WVSL > WVSH = 1) | V(\)/rl;il‘gle |
7 6 5 4 3 2 1 0
|EBKGD| EXBL | RBDT |GBDT | BBDT | RFDT | GFDT | BFDT | (Initial value: 0000 0000)
EBKGD Background function enable 0: Disable background
specification register 1: Enable background
Full-raster blanking enable specification | 0: Disable full-raster blanking
EXBL . )
register 1: Enable full-raster blanking
000: Black
001: Blue
o: e
GBDT/ Background color select : Y
BBDT 100: Red .
101: Magenta Write
110: Yellow only
111: White
000: Black
001: Blue
or0: green
GFDT/ Fringing color select : v
BEDT 100: Red
101: Magenta
110: Yellow
111: White
Note: When the background color function is used, the blank character (code 00y) can not be used as

the first character on the fringing line.
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7 6 5 4 3 2 1 0

Reverse blinking master enable Disable reverse blinking

RBMF specification register Enable reverse blinking
. P . Disable smoothing
ESMZ Smoothing enable specification register © Enable smoothing Write
; onl
VDSMD Double scan mode select : Normal mode y

. Double scan mode

1 Access to either character
code or character display

MBK Display memory bank switching options

1 Access to Both character code

and character display options

O|—=O|=0O|=0O|=0O|—=0

—_

DMAS8 Display memory address (bit 8)

ORIRC - g1y | viv [raaiv svo | ISDC (initial value: 0000 0000)
(0F954) | : |
BLIV BL output polarity select 9: Active high
YIV Y output polarity select ? ﬁg:x: {g\?vh
: 0: Active high Write
RGBIV R, G, B output polarity select 1+ Active low only
0: Interrpt request by ISDC value
SvD Interrupt source select 1: Interrupt request at falling
edge of VD signal
ISDC Interrupt generation line select
ORIRC 7 6 5 3 2 1 0
(OF95,) i TR AR -
: : : DCITR | (Initial value: **** 0000)
- - Read
DCTR Display line counter | only |
Note : The display line counter also increments when a line with all blank data or a line with display off
is specified.
7 6 5 4 3 2 1 0
ORETC | YBLCS | BKMF | RBMF | ESMZ |VDSMD| "0 | MBK | DMA8 | (Initial value: 0000 0000)
(0F96y,)
. 1 Y signal output
YBLCS Y/BL signal select . BLsignal output
BKIMF Blinking master enable specification : Disable blinking
register Enable blinking

Notel : Clear “0” to bet 2 in ORETC.
Note2 : It is necessary to write all bits of display memory address, writing DMA8 after DMA7 to DMAO,
when writing display address, and repeat this sequence.

7 6 5 4 3 2 1 0

(00‘23;"";\ |DMA7|DMA6|DMA5|DMA4|DMA3|DMA2|DMA1|DMAO| (Initial value: 0000 0000)
H

| DMA7 to 0 | Display memory address | Vgﬁiﬁ/e

Note : It is necessary to write all bits of display memory address, writing DMA8 after DMA7 to DMAO,
when writing display address, and repeat this sequence.
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7 6 5 4 3 2 1 0
ORDSN : | RBF | RVF | BLF | RDT | GDT | BDT | (Initial value: %% xx%x)
(OF98)  foeeoreoioennin,
RBF Reverse blinking enable specification 0: Disale reverse blinking
register 1: Enable reverse blinking
RVF Reverse enable specification register (1) Eésaaéferfgfgsee
Lo P : 0: Disale blinking
BLF Blinking enable specification register 1: Enable blinking Write
000: Black onl
001: Blue y
010: Green
RDT/ 011: Cyan
GDT/ Character color select 100: Red
BDT 101: Magenta
110: Yellow
111:  White
7 6 5 4 3 2 1 0
gﬁgg“) | CRA6 | CRAS5 | CRA4 | CRA3 | CRA2 | CRA1 | CRAO | (Initial value: #%xx %xxx)
H HYTIIIE )
| CRA6t0 0 | Character code Write only
7 6 5 4 3 2 1 0
ORDON "o" t "0" 0" | FORS | 1" | RGWR |EWDW| EDISP | (Initial value: **x00000)
(OF9AY) bbb L2 1
0: Normal frequency mode
FORS fosc frequency select 1+ Double frequency mode
0: (Initiafl state) d
. . 1: Transfer written data to OSD
RGWR Written data transfer request register circuit. (After transfer, RGWR .
is cleared to “0".) Write only
EWDW Window function enable specification 0: Disable window function
register 1: Enable window function
EDISP Display on/off specification register ? ED::kﬁlchﬂlsspﬁlaay
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, P66DS, P65DS, P64DS bits 7 to 4 in ORP6DS
YBLCS, BKMF, RBMF, ESMZ, VDSMD, MBK, DMAS8 bits 7to 3, 1to 0in ORETC
DMA7, DMAG6, DMAS, DMA4, DMA3, DMA2, DMA1, DMAQ bits 7 to 0in ORDMA
RBF, RVF, BLF, RDT, GDT, BDT bits 5 to 0in ORDSN
CRAG6, CRA5, CRA4, CRA3, CRA2, CRA1, CRAQ bits 6 to 0in ORCRA
FORS, RGWR bits 4 and 2in 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 falling edge of HD signal.
Note4 : Write ”1” to 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.
7 6 5 4 3 2 1 0
ORDON | FORS | | RGWR |EWDW| EDISP | (Initial value: **x0 *000)
(OF9AL)  frvevobebe L
0: Normal frequency mode
FORS fosc frequency select status 1: Double frequency mode
RGWR Written data transfer monitor flag (1) B?R;?;g:&glfted
- - — — - - R |
EWDW Window function enable specification 0: Disable window function ead only
status 1: Enable window function
EDISP Display on/off status (1) EDésaiag)lleF(ﬂlsﬁlaa;’
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Input/Output Circuitry

(1) Control pins
The input/output circuitries of the 87CH36/K36/M36 control pins are shown below.

Control Pin 110 Input/Output Circuitry Remarks
Osc. enable _)tD)—'—) fe Resonator connecting pins
A (high-frequency)
XIN Input VDD ‘{‘{f\’ R VDD
XOUT Output _ ° Re =1.2MQ  (typ.)
D Ro =1.5kQ (typ.)
XIN XOUT
VDD Sink open drain output
Rin Hysteresis input
R
RESET I/0 Address-trap-reset —>|_r\ @_'W\/ Pull-up resistor
Watchdog-timer-reset _),—l_/ I [~ Rin=220kQ (typ.)
System-clock-reset
R=1kQ (typ.)
4{>°—| < R Hysteresis input
STOP/INT5 Input
P20 <|,
R=1kQ (typ.)
STOP/INTS @1
VDD
R Pull-down resistor
TEST Input Riv=70k " (typ.)
Rin R=1kQ (typ.)
Osc. enable "tDo—» fosc Osc. connecting pin for on-
" screen display
VDD Wy VDD
828 éﬂfﬁﬁt R Ro R¢ =1.2MQ  (typ.)
Ro =1.5kQ  (typ.)
0sC1 0sC2
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(2) Input/Output Ports

The input/output circuitries of the 87CH36/K36/M36 I/0 ports are shown below.

Port 1’10 Input/Output Circuitry Remarks
initial “Hi-z2" Sink open drain output
P20 | WO —>0—]
R
A R=1kQ (typ.)
~
initial “Hi-Z2" Sink open drain output
Hysteresis input
P2 | 1o —>o—
R
@ R=1kQ (typ.)
P4 initial “Hi-2" VDD Tri-state I/O
P64 I/10
§ disable =< R
P67 A R=1kQ (typ.)
~
initial “Hi-z2" Sink open drain output
P5 1’0 R
<
R=1kQ (typ.)
initial “Hi-Z2" Sink open drain output
High current output
P60 IOL =20 mA(typ)
§ 7o) disable :DH
R
P63 P
~J R=1kQ (typ.)
initial “Hi-z2" Sink open drain output
Hysteresis input
P70 D > I
1’0
P71 R
@I R=1kQ (typ.)
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Electrical Characteristics
Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Pins Ratings Unit
Supply Voltage Vpp -0.3t06.5 \
Input Voltage Vin -0.3toVpp+0.3 \
Output Voltage VouTi -0.3toVpp+0.3 \
lout1 | Ports P2, P3, P4, P5, P64 to P67, P7 3.2
Output Current (Per 1 pin) lous Ports P60 to P63 30 mA
SlouTt Ports P2, P3, P4, P5, P64 to P67, P7 120
Output Current (Total) Slour | Ports P60 to P63 120 mA
Power Dissipation [Topr = 70°C] PD 600 mw
Soldering Temperature (time) Tsld 260(105) °C
Storage Temperature Tstg -55t0 125 °C
Operating Temperature Topr -30t0 70 °C

Note : The absolute maximum ratings are rated values which must not be exceeded during operation, even for an instant.
Any one of the ratings must not be exceeded. If any absolute maximum rating is exceeded, a device may break down
or its performance may be degraded, causing it to catch fire or explode resulting in injury to the user. Thus, when
designing products which include this device, ensure that no absolute maximum rating value will ever be exceeded.

Recommended Operating Conditions

(Vgg=0V, Topr= -30to 70°C)

Parameter Symbol Pins Conditions Min Max Unit
fc= NORMAL mode
Supply Voltage Vbp 8MHz |IDLE mode 4.5 5.5 v
STOP mode 2.0
Vi1 Except hysteresis input Vpp x0.70
Input High Voltage VppZ 4.5V Vbp v
ViH2 Hysteresis input Vpp % 0.75
Vi Except hysteresis input Vpp x 0.30
Input Low Voltage VppZ 4.5V 0 v
Vi Hysteresis input Vpp x 0.25
fc XIN, XOUT Vpp=4.5t05.5V 4.0 8.0
Normal frequency mode 40 fosc=fex 1
Clock Frequency (FORS=0,Vpp=4.5t05.5V) ' .2=8.0 MHz
fosc | OSC1, 0SC2 -
Double frequency mode 20 fosc=fex
(FORS=1,Vpp=4.5t05.5V) ’ 0.6=4.0

Note 1: The recommended operating conditions for a device are operating conditions under which it can be guaranteed that
the device will operate as specified. If the device is used under operating conditions other than the recommended
operating conditions (supply voltage, operating temperature range, specified AC/DC values etc.), malfunction may
occur. Thus, when designing products which include this device, ensure that the recommended operating conditions
for the device are always adhered to.

Note 2: Clock Frequency fc; The condition of supply voltage range is the value in NORMAL and IDLE modes.
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D.C. Characteristics (Vss=0V, Topr= — 30 t0 70°C)
Parameter Symbol Pins Conditions Min | Typ. | Max | Unit
Hysteresis Voltage Vys | Hysteresis inputs - 0.9 - \
w1 | TEST Vpop=5.5V,ViNy=55V/0V - - +2
In2 | Opendrain ports Vpp=5.5V,V|y=55V - - 2
Input Current LA
lin3 Tri-state ports Vpp=5.5V,V|y=55V/0V - - 2
Ina | RESET, STOP Vpp=5.5V,Viny=5.5V/0V - - +2
Input Resistance Rin2 | RESET 100 | 220 | 450 | kQ
Output Leakage lLo1 [ Sink open drain ports Vpp=5.5V, Voyr=5.5V - - 2 A
Current lloa | Tri-state ports Vpp=5.5V, Vour=55V/0V | - | - | £2
Output High Voltage Vouz | Tri- state port Vpp=4.5V, lopy=-0.7mA 4.1 - - \Y
Except XOUT, OSC2 and _ _ _ _
Output Low Voltage VoL ports P60 to P63 Vpp=4.5V, lp.=1.6mA 0.4 Vv
Output Low Current lorz | Ports P60 to P63 Vpp=4.5V, VoL=1.0V - 20 - mA
Supply Currentin
NORMAL mode Vpp=55V - |10 ] 16 | mA
I fc=8 MHz
Supply Currentin IDLE ViN=5.3V/0.2V
mode loo - 6 8 mA
Supply Currentin STOP Vpp=5.5V
mode Vin=53V/0.2V - 0510 kA
Note 1 : Typical values show those at To,, =25°C, Vpp =5 V.
Note 2 : Input Current I;yy, Iing ; The current through pull-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= - 3010 70°C)
Parameter Symbol Pins Conditions Min Typ. Max Unit
Analog Input Voltage Range VAN CIN3 to CINO Vss - Vpp \Y
Conversion Error Vpp=5.0V - - 1.5 LSB
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A.C. Characteristics (Vss=0V,Vpp=4.5105.5V, Topr = - 300 70°C)
Parameter Symbol Conditions Min Typ. Max | Unit
In NORMAL mode
Machine Cycle Time tey 0.5 - 1.0 us
In IDLE mode
High-Level Clock Pulse Width twen For external clock operation 625
- - - ns

Low-Level Clock Pulse Width twel (XINinput), fc=8MHz

Recommended Oscillating Condition | (Vss=0V, Vpp=4.5t05.5V, Topr= —30to 70°C)

Recommended
Recommended Conditions
Parameter Oscillator Frequency .
Oscillator (o G
8 MIHz KYOCERA KBR8.0M
Ceramic Resonator 30 pF 30 pF
4 MHz KYOCERA KBR4.0MS
High-frequency MURATA CSA4.00MG
Oscillation 8MHz | TOYOCOM 2108 8.0000
Crystal Oscillator 20 pF 20 pF
4 MHz TOYOCOM 204B 4.0000
8 MIHz TOKO A285TNIS-11695
0OsD LC Resonator - -
7 MHz TOKO TBEKSES-30375FBY
XIN XOUT

(1) High-frequency (2) LCResonator for OSD

Note : On our OSD circuit, the horizontal display start position is determined by counting the clock from LC
oscillator. So, the unstable start of oscillation after the rising edge of Horizontal Sync. Signal will be cause
the OSD distortion.

Generally, smaller C and larger L make clearer wave form at the beginning of oscillation.
We recommend that the value of LC oscillator should be equal and bigger than 33uH.

Note : To keep reliable operation, shield the device electrically with the metal plate on its package mold surface
against the high electric field, for example, by CRT (Cathode Ray Tube).
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