TOSHIBA TMPA8700CH/CK/CM/CP/CS

CMOS 8-Bit Microcontroller

TMPA8700CHN/F, TMPA8700CKN/F, TMPA8700CMN/F,
TMPA8700CPN/F, TMPA8700CSN/F

The A8700CH/CK/CM/CP/CS is the 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 interface,
on-screen display, data slicer, jitter elimination circuit, PWM, 8 bit A/D converter and remote control signal
processor on a chip.

The functions of the OSD circuit conform to the on-screen display functions of closed caption decoders based
on FCC standards.

Part No. ROM RAM Package OTP MCU
TvPAB700CHN/E | 16 Kbytes ]
TMPABTOOCKN/E | 2aKbytes | 1 Kbytes
_TMPA8700CMIN/F_ |  32Kbytes | | SDIP42-P-600-1.78 TMPAB8700PSN/F
TMPA8700CPN/F 48 Kbytes
------------------------------- 2 Kbytes
TMPA8700CSN/F 60 Kbytes

Features
@38 bitsingle chip microcomputer TLCS-870 Series
@ Instruction execution time : 0.5 s (At 8 MHz)
@412 basic instructions
® Multiplication and Division (8 bits x 8 bits, 16 bits + 8 bits)
: Instruction execution time 3.5 xs (At 8 MHz)
® Bit manipulations (Set/Clear/Complement/Move / Test/ Exclusive Or)
® 16 bit data operations
® 1 byte jump/subroutine-call (Short relative jump / Vector call)
@ 14 interrupt sources (External : 5, Internal : 9)
® All sources have independent latches each, and nested interrupt control is available.
® Three edge-selectable external interrupts with noise reject
® High-speed task switching by register bank changeover
@ Input/Output ports (33 pins)
@ Two 16 bit Timer/ Counters
® Timer, Event counter, Pulse width measurement, External trigger timer, Window modes
@ Two 8 bit Timer/Counters
® Timer, Event counter, Capture (Pulse width / duty measurement) modes
980910EBP1

@ 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.

@ TOSHIBA is continually working to improve the quality and the 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 observe standards of safety, and to avoid
situations in which a malfunction or failure of a TOSHIBA product 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 products specifications. Also, please keep in mind the precautions
and conditions set forth in the TOSHIBA Semiconductor Reliability Handbook.

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

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

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

Purchase of TOSHIBA I> C components conveys a license under the Philips I C Patent Rights to use these
componentsin an 12 C system, provided that the system conforms to the I C Standard Specification as defined by
Philips.
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TOSHIBA TMPA8700CH/CK/CM/CP/CS

@ Time Base Timer
® Interrupt frequency : 1 Hz to 16384 Hz
@ Watchdog Timer
@ Serial bus Interface
® [2C-bus (Single master) / 8 bits SIO timeshared 2ch
@ On-screen display circuit

® Character patterns : 251 characters

® Character displayed : 32 columns 8 rows

® Composition : 8x9dots

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

® Color of character : 7 kinds (Character by character)

® Variable display position : Horizontal 128 steps, Vertical 256 steps
® Fringing, Smoothing function
® Conformto US CLOSED CAPTION DECODER REGULATION
€ PWM outputs
® 14 bit PWM output (1 channel)
® 7 bit PWM outputs (9 channels)
@38 bit successive approximate type A /D converter with sample and hold
® 6 analog inputs
® Conversion time : 23 usat 8 MHz
@ High current outputs : LED direct drive capability (Typ. 20 mA x 4 bits).
@ Remote control signal processor
@ Datasslicer circuit 1ch
@ Jitter elimination circuit
@ Test video signal generator
@ ROM corrective function
€@ Two Power saving operating modes
® STOPmode : Oscillation stops. Battery/Capacitor back-up. Port output hold / high-impedance.
® IDLEmode : CPU stops, and Peripherals operate using high-frequency clock. Release by interrupts.
@ Emulation Pod : BMAS8700CSNOA
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TOSHIBA

TMPA8700CH/CK/CM/CP/CS

Package

QFP44-P-1414-0.80D

TMPA8700CHF
TMPA8700CKF
TMPA8700CMF
TMPA8700CPF
TMPA8700CSF

Package

SDIP42-P-600-1.78

TMPA8700CHN
TMPA8700CKN
TMPA8700CMIN
TMPA8700CPN
TMPA8700CSN

Pin Assignments (Top View)
QFP44-P-1414-0.80D
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Pin Assignments (Top View)
SDIP42-P-600-1.78
Vo —0O 1 A 42 =— vy,
(PWMO) P40 =0 2 41 [1=— P33 (TC4/VINO)
(PWMT) P41 =0 3 40 A= P32 (VIN1/CSIN)
(PWM2) P42 =0 4 39 [J=— vvg
(PWM3) P43 =0 5 38 1= P35 (SDAO)
(PWM3)P4s =0 6 37 == P34(SCLO)
(PWM5) P45 =0 7 36 = P31 (INT4/TC3)
(PWM6) P46 =0 8 35 [=— P30 (INT3/RXIN)
(PWM7)Pa7 =0 9 34 = p20 (INT5/STOP)
(TC2/iINTO/PWMB) P50 =0 10 33 [d=—= RESET
(S11/SCL1/PWNMI) P51 =[] 11 32 fB— xourt
(SO1/$DA1) P52 =0 12 31 J=— XIN
(SCKT/INT2/TC1/AINO) P53 =[] 13 30 J=— TEST
(AINT) P54 =[] 14 29 = osc2
(AIN2) P55 =[] 15 28 [J=— 0sC1
(AIN3) P56 =[] 16 27 f=—= P71 (VD)
(Y/BLIN/AIN4) P60 ==L 17 26 == P70 (HD)
(BIN/AIN5) P61 <[ 18 25 = P67 (Y/BL)
(GIN/CSOUT) P62 =[] 19 24 == p66 (B)
(RIN) P63 =0 20 23 = P65 (G)
p57 =0 21 22 0= P64 (R)
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Block Diagram
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Pin Function

:Iln Pin Name Input/Output Function
0.
1 biti / rtwith latch. Wh d input
N bltmplfjt OUtqu portwith latc en use .asan_lnpu External interrupt input 5/STOP mode
34 [ P20(INT5/STOP) | 1/0O (Input, Input) port, an interrupt input or STOP mode release signal input, . R
o release signal input
the latch must be setto “1”.
38 | P35(SDAO) 1/0(1/0) 6 bit programmable input / output port. (tri-state) Each bit | |2C bus 0 serial data input/output
............................................................ £ thi individuall ) tout
37 | P34(SCLO) 1/0(1/0) of this port can be individua yasan '”pUt?ranou pu 12C bus 0 serial clock input / output
............................................................ under software control. During reset, all bits are configured |........0 Ll Ll
41 P33 (TC4/VINO) 170 (Input, Input) asinputs. Timer/counter 4 input/Video signal input 0
40 [ P32(VIN1/CSIN) [ 1/0 (Input, Input) When used as an input port, a timer / counter input, a Video signal input 1/ Composite sync input
............................................................ remote control signal processor input, data slicer input, or
. . . . External interrupt input 4/ Timer/Counter 3
36 | P31(INT4/TC3) 1/0 (Input, Input) an interrupt input, the pin must be set to the input mode.
............................................................ When used as a serial bus interface input/output, the pin
i i External interrupt input 3/ Remote control
35 | P30 INT3/RXIN) 170 (Input, Input) must be set to the sink open drain mode, the latch must be : p p
setto “1”, and the pin must be set to the output mode. signal processor input
P47 (PWM7 i lei /output port (tri-state). Each bit
9to03 ( ) 8 bit _programmab.e |r.1p.ut outpu pg (tri-state). Each bi 7 bit PWM outputs
to P41 (PWM1) of this port can be individually as an input or an output
................................ 1/0 (Output) under software control. Duringreset,allbitsareconfigured
R asinputs. When used as a PWM output, the latch must be .
2 | P40 (PWMO) o : 14 bit PWM output
setto “1” and the pin must be set to the output mode.
21 P57 110 8bit programmable input/output port. (tri-state) |
16 | P56 (AIN3) Each bit of this port can be individually as an input or an A/D loa
n to P54 (AIN1) 170 (Input) output under software control. During reset, all bits are converter analog input
.................. configured a as inputs. A/D converter analog input/ Timer / Counter
13 PS3 (AINO/TC1/ 170 {Input, Input, When used as an input port, a serial bus interface input, the | 4 input/External interrupt input/SI01 serial
INT2/5CK1) Input, 1/0) pin must be set to the input mode. When used as a PWM clock data input
P TP TP output, serial bus interface output, the latch must be setto [ 2c s senaldata|nput/outputS|O1senal .
12 | P52(SDA1/SO1) | 1/0(I/0,Output) “1*, and the pin must be set to the output mode. data output
TR RS ST 70 Gt When used as  serial bus interface input. output, the pin ¢y Ll oG ok nput output 76t
/511) 110, Input) must be set to the sink open drain mode, the latch must be PWM outputs/SIO1 serial data input
............................................................ setto “17, and the pin must be set to the output mode.
10 P50 (PWM8/INTO | I/0O (Output, Input, 7 bit PWM outputs/External interrupt input
1TC2) Input) 0/Timer/Counter 2 input
27 | P71(VD) 2 bit input/ output port with latch. When used as an input Vertical synchronous signal input
-------------------------------- 170 (Input) port, a vertical synchronous signal input, or a horizontal
26 | P70 (HD) synchronous signal input, the latch must be setto “1”. Horizontal synchronous signal input
25 P67 (Y /BL)
24 | P66 (B) 8 bit programmable input/ output port (tri-state, P63 to P60
oy Teesiey T 1/0 (Output) : High current output). Each bit of this port can be R,G,B,Y/BLoutput
22 v P64(R) """""""" individually as an input or an output under software
............................................................ control. During reset, all bits are ccnfigured as inputs.
20 . P63(R|N) ............. ”O('"pl"t) .............. When P67 to P64 ports are used as output port, bits 7 to 4 of : .
19 | P62 (GIN/CSOUT) | 170 (Input/Output) | address 0F9 1 must be setto “1”. G,B,v/BL L. et videosignal generator output
(18 | POT(BIN/AING |1/0Unput/input) | When P63 toP60 portused asRIN, GIN, BIN, Y/BLININPUt,  linput  : A/D converter analog input
P60 (Y /BLIN/ these ports must be set to the input mode. :
17 1/0 (Input/Input)
AIN4)
28291 0s¢cr,0s¢c2 L | Resonator connecting pin of on-screen display circuit e
31,32 | XIN, XOUT Input, Output Resonator connect_ing pin (High frequency). .
For external clock input, XIN is used and XOUT is opened.
33 | RESET 110 Reset signal input or watchdog timer output/address-trap-reset output / system-clock-reset output.
30 | TEST Input Test pin for out-going test. Be tied to low.
42 ;
1 39 | VDD: Vss. VVss Power Supply +5V,0V (GND)
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TOSHIBA TMPA8700CH/CK/CM/CP/CS

Operational Description

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

1.1 Memory Address Map
The TLCS-870 Series is capable of addressing 64 Kbytes of memory. Figure 1-1. shows the memory address
maps of the A8700CH /CK/CM /CP/CS. Inthe TLCS-870 Series, the memory is organized 4 address spaces
(ROM, RAM, SFR, and DBR). It uses a memory mapped |/ O system, and all | / O registers are mapped in
the SFR / DBR address spaces. There are 16 banks of general-purpose registers. The register banks are
also assigned to the first 128 bytes of the RAM address space.

R 0000 0000 0000 0000 0000y
) 64 bytes ) 64 bytes ) 64 bytes ) 64 bytes : 64 bytes
003F 003F 003F 003F 003F
0040 0040 0040 0040 0040 .
H H . . T Register banks
: 128 bytes : 128 bytes : 128 bytes : 128 bytes : 128 bytes
: Y : Y : Y : Y : vt ] (8 registers x 16 banks)
[00]:7 S N [00]:7 S N [00]:7 S N [00]:7 S AN [010]=7 S S
00€0 00€0 00€0 00€0 00CO
RAM | & | 896bytes i | 896bytes i | 896bytes
043F 043F 043F : 1920 bytes : 1920 bytes
~ ~ P ~ P 3 083F 083F
F : E : E : e -~ =
OF80 OF80 OF80 OF80 OF80
DBR 128 bytes 128 bytes 128 bytes 128 bytes 128 bytes
OFFF OFFF OFFF OFFF OFFF
L e L o~ L o~ L o~ PSR Pt
[ : oo : o : S i 1100
P R i 8000 | 4000 : 60928 Entry area f°|:
: : I A000 . : : pageca
€000 — 1 | : 32512 i L 48896 oL L
Do 18128 T\ 24320~ Doy ~ 7 ~ i - bytes ~— instructions
: bytes bytes bytes
con | Fr00 | . . R N
H 192 I 192 I 192 P | 192 bytes I 192
P bytes ) P bytes ) T T T T 7 bytes T
FEBF |, FEBF | e, FEBF |, FEBF |, FFBF feuiriieiniennnns Vector table for
FFCO FFCO FFCO FFCO FFCO | 55 j vector call
32 bytes 32 bytes 32 32 bytes es instructions
FFDF |20 Y FFOF [ 200 e FFDF [0 FFDF [ 250 Y FFDF o) e (16 vectors
FFEO 32 byt FFEO 32 byt FFEO 32 byt FFEO 32 byt FFEO 32 bytes bl
es es es es Vector table
FEFF y FEFF y FEFF y FEFF y FFFF interrLer?cs/reset
A8700CH A8700CK A8700CM A8700CP A8700CS (16 vectors)
Note: SFR : Special Function Register includes : DBR : Data Buffer Register includes :
ROM : Read Only Memory includes : 1/0 ports SIO data buffer
Program memory Peripheral control registers On screen display (OSD) control registers
RAM : Random Access Memory includes : Peripheral status registers Data slicer control registers
Data memory System control registers Remote control signal processor control /
Stack Interrupt control registers status registers
General-purpose register banks Program Status Word

Figure 1-1. Memory Address Map
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1.2 Program Memory (ROM)
The A8700CH/CK/CM/CP/CS have 16 K/24 K/32 K/48 K/ 60 Kbytes (addresses C000H / A000H / 8000 /
40004 / 1100y to FFFFy) of program memory (mask programmed ROM). Figure.1-2 shows the program
memory map.
Addresses FFO0Oy to FFFF in the program memory can also be used for special purposes.

(1) Interrupt/reset vector table (addresses FFEOH to FFFFR)
This table stores 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 FFCOH to FFDFy)
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 is one-byte instruction, and increases memory
efficiency when utilized for frequently used subroutine calls (called from 3 or more locations).

(3) Entry area for page call instructions (addresses FFOOH to FFFF)

This is the subroutine entry address area for the page call instructions [CALLP n]. Addresses FFOOH to
FFBFy are normally used because address FFCOy to FFFFy are used for the vector tables. Thisis two-byte
instruction.

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.

Example :The relationship between the jump instructions and the PC.

@ 5bit PC-relative jump [JRS cc, $ +2 +d]
E8CAH : JRST,$+2+08H
When JF =1, the jump is made to the address ESCEH, which is 08 added to the contents of
the PC. (The PC contains the address of the instruction being executed + 2 ; therefore, in this
case, the PC contents are ESC4H + 2 = E8C6H.)

@ 8bit PC-relative jump [JRcc, $ +2 +d]
E8C4H :JRZ,$ +2 +80H
When ZF =1, the jump is made to the address E846y, which is FF80y (- 128) added to the
current contents of the PC.

@ 16bit absolute jump [Ja]
E8C4H : JP 0C235H
An unconditional jump is made to the address C2354. The absolute jump instruction can
jump anywhere within the entire 64Kbyte space.

3-A8700-7
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Address
ROM
(1 l:(?(?OHH) contents
: Example : The relationship between ROM contents and call instructions
FF:OO /Interrupt/ Reset
[~ " CALLP7BH: PCeFF7By
FFBF
FFCO [ ¢ Callvector (L) 56 CALLV OH: PC<(C856H
FFC1 Call vector (H) 8
FFC2
FFDF
FFEQ | Interruptvector(l) |68 INTS :PCe-D368y
FFE1 Interrupt vector (H) D3
FFE2
FFFD
FFFE [...... Resetvector (L) 3 RESET:PCeCO3EH
EEEF Reset vector (H) [«1]

Figure 1-2. Program Memory Map

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:

Example 2:

Example 3:

Loads the ROM contents at the address specified by the HL register pair contents into
the accumulator (HL = 11004 for A8700CS) :
LD A, (HL) ; A« ROM (HL)

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 ; Jump to SNEX

TABLE: DBOCOH, OF9H, 0A4H, 0BOH, 99H, 92H, 82H,0D8H, 80H, 98H =¥ on
SNEXT : L
Notel: “$” is a header address of ADD instruction. SHLCA
Note2: DB is a byte data definition instruction. L pceny
N-way multiple jump in accordance with the contents ofaccumulator [~===—- 2‘ 2 """"
o=A=3: 78|
SHLC A ;  if A=004 then PC « C234y ‘353
JP (PC+A) if A=01ythenPC&«C378y  [~"—7 oy
if A=02ythenPC<«<DA37¢y [ _____1 80 _____]
if A =034 then PC < E1BOH /_i/

DW 0C234H, 0C378H, 0DA37H, OE1BOH
Note: DW is a word data definition instruction.
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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 FFFF and FFFE) is loaded into the PC ; therefore, program execution is possible to start
from any desired address. For example, when COy and 3Ey are stored at addresses FFFFy and FFFER,
respectively, the execution starts from address CO3E 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 1byte instruction stored at address C1234 is being
executed, the PC contains C125y.

MsB LSB
1514131211109 8 7 6 5 4 3 2 1 0 PC Contents :X s X et X arz X a+3 X:

Program Counter (PC)

PCH PCL Instruction Execution X a-2 X a-1 X a X a+1

(a) Configuration (b) Timing chart of PC contents and instruction execution

Figure 1-3. Program Counter

1.4 Data Memory (RAM)

The A8700CH / CK/CM have 1 Kbytes (addresses 0040y to 043Fy) and the A8700CP / CS have 2 Kbytes
(addresses 0040y to 083Fy) of data memory (static RAM). Figure 1-4 shows the data memory map.
Addresses 0000y to 00FF are used as a direct addressing area to enhance instructions which utilize this
addressing mode ; therefore, addresses 0040y to 00FFy in the data memory can also be used for user
flags or user counters.

Example 1: If bit 2 at data memory address 00C0y is “1”, 00y is written to data memory at address
00E3y ; otherwise, FFy is written to the data memory at address

00E3H:
TEST (00COH).2 ; if (00C0H) 2 =0 then jump
JRS T,SZERO
CLR (OOE3H) ; (O0E3H) « 00y
JRS T,SNEXT
SZERO : LD (00OE3H), OFFH ; (00E3R) « FFH
SNEXT :

Example 2: Increments the contents of data memory at address 00F54, and clears to 004 when 104 is
exceeded :
INC (00F5H) ; (OOF5H) « (00F5R) +1
AND (0OOF5H), OFH ; (00F5) « (00F54) AOFH

General-purpose register banks (8 registers x 16 banks) are also assigned to the 128bytes of addresses
00404 to 00BFH. Access as data memory is still possible even when being used for registers. For example,
reading out of the contents of the data memory at address 0040y means that the contents of the
accumulator in the bank 0 are 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”.

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

3-A8700-9




TOSHIBA

TMPA8700CH/CK/CM/CP/CS

Example1 : Clears RAM to “00H" except the bank 0 (A8700CP / CS)
; Sets start address to HL register pair

; Sets initial data (00) to A register

; Sets number of byte to BC register pair

LD HL, 0048H
LDA,H

LD BC, 07F7H

LD (HL+), A

DEC BC

JRS  F,SRAMCLR

SRAMCLR :

Example2 : Clears RAM to “004"” except the bank 0 (A8700CH / CK/CM)
; Sets start address to HL register pair

; Setsinitial data (00y) to A register

; Sets number of byte to BC register pair

LD HL, 0048H

LD A, H

LD BC, 03F7H

LD (HL+), A

DEC BC

JRS  F,SRAMCLR

SRAMCLR :

current bank addresses.

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

Address 0 1 2 3 4 5 6 7 8 9 A B C D E F
0040H  Register bank 0, Register bank 1,

U R eglster bankz .................................... Reglster ba nk3 .....................
JUU R eglster bank4 ................................... Reglster ba nks .....................
e 1T R eglster banks ................................... Reglster ba nk7 ....................
U R eglster bank8 ................................... Reglster ba nkg ....................
eI R eglster bankm ................................. Reglsterbankﬂ ....................
oo | R eglster bank12 ................................. Reglster ba nk13 ...................
U R eglster bankm ................................ Reglsterbankw ...................
00CO

00D0

00EO

00F0

0430

0830

Direct addressing area

Note: THE 8700CH / CK/ CM does
not have this area of RAM.

Figure 1-4. Data Memory Map
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1.5 General-Purpose Register Banks
General-purpose registers are mapped into addresses 0040y to 00BF in the data memory. There are 16
register banks, and each bank contains eight 8 bit registers W, A, B, C, D, E, H, and L. Figure 1-5 shows the
general-purpose register bank configuration. The register bank which is not used can be used as the data

memory.

—

—! Bank 15 (00BS to 00BFH)
Example : Bank 0
— Bank 14 (00B0 to 00B7H) -
— Bank 13 (00A8 to 00AF) 00‘2’1 : 004Ao
w A Bank 12 (00A0 to 00A7p;) 00411) ; (0040)
. B : C
8 c . (0043) | (0042y)
B —! Bank 4 (0060 to 0067}4) D i E
D I E ! Bank 3 (0058 to 005Fp) ({0045h) & (0044)
: — Bank 2 (0050 to 0057}) Hooo L
H i L | Bank1(0048to004Fy) (0047y) : (0046R)
: Bank 0 (0040 to 0047})
(a) Configuration (b) Address assignments of registers

Figure 1-5. 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 Aregister has a function as an 8 bit accumulator and the WA register pair has a function as a 16 bit
accumulator (W is high byte and A is low byte). Other registers than A can also be used as accumulators

for 8 bit operations.

Examples: @ ADD A, B

; Adds B contents to A contents and stores the result into A.

@ SUB WA, 1234y ; Subtracts 1234y from WA contents and stores the result into

@ SUB E,A

WA.
; Subtracts A contents from E contents, and stores the result
into E.
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(2) HL,DE

The HL register pair has a function as data pointer (HL) / index register (HL + d) / base register (HL + C),
and the DE register pair has a function as a data pointer (DE). The HL also has an auto-post-increment

and on auto-pre-decrement functions.

This function simplifies a multiple digit data processing,

software LIFO (last-in first-out) processing, etc.

Example 1: @ LD
@ LD
@ LD

@ LD
® LD

A, (HL)
A, (HL +52H)

A, (HL+Q)

A, (HL+)

A, (-HL)

I

4

I

I

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 524 to HL contentsinto 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 directly transfer data from memory to memory, and directly operate between
memory data and memory data. This facilitates the programming of block processing.

Example 2 : Block transfer

LD
LD
LD
SLOOP: LD
INC
INC
DEC
JRS
(3) B,C,BC

B, m

HL, DSTA
DE, SRCA
(HL), (DE)
HL

DE

B

F, SLOOP

Setsm (m=n -1, n: number of bytes to transfer) to B
Sets destination address to HL

Sets source address to DE

(HL) « (DE)

HLe« HL+1

DE<«DE+1

B«B-1

if B= 0thenloop

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 Cregister 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, C].

Example 1 : Repeat processing
B,n ; Setsnasthe number of repetitions to B (n + 1 times processing)

JRS

F, SREPEAT

Example 2 : Unsigned integer division (16 bit + 8 bit)

DIV

WA, C

T

Divides the WA contents by the C contents, places the
quotient in A and the remainderin W.

3-A8700-12
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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.

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

Example 1:Incrementing the RBS
INC (003FH) ; RBS<«RBS+1

Example 2 :Reading the RBS
LD A, (003FH) ;' A&PSW (A3 00 < RBS, A7 to 4 < FLAG)

High 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 [RETI] / [RETN] ;
therefore, there is no need for the RBS save / restore software processing.

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

Example : Saving / restoring registers during interrupt task using bank changeover.
PINT1 : LD RBS,n; RBS « n(Bank changeover)

‘Interrupt processing :

RETI ; Maskable interrupt return (Bank restoring)
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1.6 Program Status Word (PSW)
The program status word (PSW) consists of a register bank selector (RBS) and four flags, and the PSW is
assigned to address 003Fy in the SFR.
The RBS can be read and written by using the memory access instruction 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), 05H] is executed, “5" is written to the RBS and
the JFissetto “1", but the other flags are not affected.
During interrupt, the PSW and the program counter are saved on to the stack. The PSW is restored from
the stack by executing an interrupt return instruction [RETI], [RETN], and the state becomes the same as
before the interrupt was accepted.
[PUSH PSW] and [POP PSW] are PSW access instructions.

1.6.1 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”.

JE L ZF i CF i HF RBS

Figure 1-6. PSW (Flags, RBS) Configuration

1.6.2 Flags
The flags are configured with the upper 4bits : 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+dl
After reset, the jump status flag is initialized to “1”, but the other flags are not affected.

(1) Zero flag (ZF)
The ZF is set to “1” if the operation result or the transfer data is 004 (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 is set to “1” if the contents of the specified bit is
“0" ; otherwise the ZF is cleared to “0”. This flag is set to “1” when the upper 8 bits of the product are
00y during the multiplication instruction [MUL], and when 00y for the remainder during the division
instruction [DIV] ; otherwise it is cleared to “0".

(2) Carry flag (CF)
The CF is 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 00y (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 1bit register (a boolean accumulator) for the bit manipulation instructions. Set/clear
/ complement are possible with the CF manipulation instructions.
Example : Bit manipulation

LD CF, (0007H). 5 ; (0001R) 2 < (0007H) 5\/ (009AH)

XOR CF, (009AH). 0

LD (0001H). 2,CF
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(3) Half carry flag (HF)
The HF is set to “1” when a carry occurred between bits 3 and 4 of the operation result during an 8 bit
addition, or when a borrow occurred from bit 4 into bit 3 of the result during an 8 bit subtraction ;
otherwise the HF is cleared to “0”. This flag is useful in the decimal adjustment for BCD operations
(adjustments using the [DAA r], or [DAS r] instructions).

Example : BCD operation
(The A becomes 47 after executing the following program when A =19, B =28y)
ADD A, B ; A<41H,HF«1,CF<«0
DAA A ; A<41H + 06H =47H (decimal-adjust)

(4) Jump status flag (JF)
Zero or carry information is set to the JF after operation (e.g. INC, ADD, CMP, TEST).
The JF provides the jump condition for conditional jump instructions [JRST/F, $+2+d], JRT/F,
$+2+d] (TorFisacondition code). Jump is performed if the JFis “1” for a true condition (T), or the JF
is “0” for a false condition (F).
The JFisset to “1” after executing the load / exchange / swap / nibble rotate / jump instruction, so that
[JRST,$+2+dland [JRT, $ +2 +d] can be regarded as an unconditional jump instruction.

Example : Jump status flag and conditional jump instruction

INC A
JRS T, SLABLE1 ; Jump when a carry is caused by the immediately
: preceding operation instruction.
LD A, (HL)
T, SLABLE2 ; JFissetto “1” by the immediately preceding

JRS
: 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", “00C5y", “D74",
“1" and “0", respectively.

Instruction /E%&ﬁi%ir Efeg:étﬁtc?r: Instruction Alégg'cuﬁr;?\r Il:ilfegclfl\tfi?r:
JF i ZF i CF i HF JF : ZF : CF i HF
ADDC A, (HL) 72 1:0:1:1]|INC A 9B 0:0:1:0
SUBB A, (HL) c2 1i0:1:0 [[ROLC A 35 1:0i1i0
CMP A, (HL) 9A 0:0:1:0 ||[RORC A cb 0:0:0:0
AND A, (HL) 92 0:0:1:i0 ||aADD WA, OF508H 16A2 1i0i1i0
LD A, (HL) D7 1:0:1:0|MuL w,A 13DA 0:0:1:0
ADD A, 66H 00 1:1:1:1|[sET A5 BA 1:1:1:0
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1.7 Stack and Stack Pointer

1.7.1 Stack
The stack provides the area in which the return address or status, etc. are saved before a jump is
performed to the processing routine during the execution of a subroutine call instruction or the
acceptance of an interrupt. On a subroutine call instruction [CALL a] / [CALLP a] / [CALLV n], the contents
of the PC (the return address) is saved ; on an interrupt acceptance, the contents of the PC and the PSW
are saved (the PSW is pushed first, followed by PCH and 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 PCH and PSW).
The stack can be located anywhere within the data memory space except the register bank area.

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 1-8 shows the stacking order.
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 : To initialize the SP

LD SP, 043FH ; SP < 083Fy
Example 2 : To read the SP
LD HL, SP ; HL <SP
MSB LSB

1514131211109876543210

Stack Pointer (SP)

Figure 1-7. Stack Pointer

At acceptance

of interrupt
At execution of or
a CALL/CALLV/CALLP at execution of At execution of At execution of
instruction a SWlinstruction a RET instruction a RETI/RETN instruction

083C

083D PCL
push 083E PCH
down

083F PSW

Stack
depth

SP before 083F 083F
execution l l
SP after 083D 083C
execution

(a) Stackingorder (b) Stack depth

Figure 1-8. 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

R SR
! generator 00364, G
XIN b :

— H : fC

1 : High-frequency clock : Timing

= b : Stand-by controller

: oscillator : generator

xour b § l l l l
i bt iy
I :
- System clocks
b :
i 0038, 0039,
1
1 = H
P ] Clock generator control SYSCR1 | | SYSCR2

” System control registers

Figure 1-9. 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 () 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 A8700CP / CS is not provided an RC
oscillation.

XIN XouT XIN XouT

Lol
b

(a) Crystal/ceramicresonator (b) External oscillator

Figure 1-10. Examples of Resonator Connection

Note: Accurate Adjustment of tHe Oscillation Frequency :
AltHougH no 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 pulse. 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 :

OOPOWOO

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 time / counters TC1 to TC4
Generation of warm-up clocks for releasing STOP mode

Generation of a clock for releasing reset output

(1) 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 1-11 as follows. During reset and upon
releasing STOP mode, the divider is cleared to “0”, however, the prescaler is not cleared.

7™ Machine cycles

High-frequency
clock

fc

States

fm
1 Main system clock generator Machine cycle counters
Prescaler Divider Divider
fe/28
1|2 4 3|als|s 9 [10[11]12]131a|15| 1617
Select

Timer/Counters

18

19(20(2

1

R

Stand-by

—’j
controller

Watchdog Timer

Time Base Timer

(2) Machine cycle

Figure 1-11. Configuration of Timing Generator

Instruction execution and peripherals 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 (So to S3), and each state consists of one main system clock.

1/41s]

—
Main System Clock —i I I I I I I I I I I I |_
i i i !
State S0 Sq Sy I S3 So | S | S2 | 53 I

Machine cycle

(0.5 us at fc =8 MHz)

Figure 1-12.

Machine Cycle

3-A8700-18




TOSHIBA

TMPA8700CH/CK/CM/CP/CS

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 1-13 shows the operating
mode transition diagram and Figure 1-14 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

Software Software
IDLE NORMAL STOP
mode mode mode
Interrupt STOP pin input
Frequency On-Chip Machine Cycle
Operating Mode CPU Core . "
High-Frequency Peripherals Time
RESET Reset Reset
NORMAL Turning on oscillation Operate 4/fc[s]
Operate
IDLE
- — halt
STOP Turning off oscillation halt —

Figure 1-13. Operating Mode Transition Diagram
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System Control Register 1

1:

CPU and watchdog timer are stopped

(Start IDLE mode)

7 0
SYSCRT T T om o oo ol o - 77777 [ : »
(0038,) | STOP | RELM | RETM |OUTEN| WPT (initial value : ~ 0000 00++)
0 : CPU core and peripherals remain active
TOP TOP
$T0 STOP mode start 1 : CPU core and peripherals are halted (Start STOP mode)
0 : Edge-sensitive release
RELM Release method for STOP mode N "
1 : Level-sensitive release
0 : Returnto NORMAL mode
RETM [e] ti deafter STOP mode
perating modea r 1 Reserved R/W
OUTEN Port output control during STOP 0 : High-impedance
mode 1 : Remain unchanged
Warmi time at releasing sTop | ©° :3x2"/fc 8]
WUT arming-up time at releasing 01 Zmlfc
mode
1* : Reserved
Note 1 :Always set RETM to 0" when transiting from NORMAL mode to STOP mode.
Note 2 : A8700CP/ CS returns to NORMAL mode without value of RETM, when STOP mode is retuned by input of RESET pin.
Note 3 :Bits 1 and 0 in SYSCR1 are read in as undefined data when a read instruction is executed.
Note 4 :f¢ : high-frequency clock [hz], + : don’t care
Note 5 :Iif A8700CP/ CS is moved to STOP mode while QUTEN = "0”, internal inputs fix “0”. Then there is a possibility to set
interrupt of falling edge.
System Control Register 2
SYSCR2
(0039) (Initial value : 1000 ##%xx)
0 : CPUand watchdog timer remain active
IDLE IDLE mode start andwa gtimerr RIW

Note 7 :Do not clear bit 7 in SYSCR2 to “0”, and do not set bits 6-5 in SYSCR2 to "1”.
Note 2 : A reset is applied (RESET pin output goes low) if both bit 7 in SYSCR2 are cleared to "0”.
Note 3 :WDT : Watchdog timer, * : don’t care

Note 4 :Bits 3 to 0in SYSCR2 are always read in as ”1” when a read instruction is executed.

Figure 1-14. 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).

@ Thedivider 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 one 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.

PINT5: TEST (P2). 0 ;  Toreject noise, STOP mode does not start if
port P20 is at high
LD (SYSCR1), 01000000B ;  Sets up the level-sensitive release mode.
SET  (SYSCR1). 7 ;  Starts STOP mode
LDW (IL),1110011101010111B ;i IL12,11,7,5,3< 0 (Clears interrupt latches)
SINT5: RETI
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STOP pin \ (¢

T ”

1
LC
7

Vi \

L

XOUT pin

[}
NORMAL operation —h STOP operation —*\T Warm-up ———>l«——— NORMAL operation
Confirm by program that the STOP STOP mode is released by the hardware.

pin input is low and start STOP mode. (A|Way5 released if the STOP

pin input is high

Note 1: After warming up is started, when STOP pin input is changed “L” level, STOP mode is not placed.

Note 2: 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.

Figure 1-15. Level-Sensitive Release Mode

b. Edge-sensitive release mode (RELM =0)
In this mode, STOP mode is released by a rising edge of the STOP pin input. Thisis used in
applications where a relatively short program is executed repeatedly at periodicintervals. 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

LD (SYSCR1), 00000000B ; OUTEN « 0 (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 (Clears interrupt latches)
El ; IMF « 1 (Enablesinterrupt service)

STOP pin , . %V'H \ 5\ \

1 L4

(4
! LC
””
XOUT pin I‘ﬂ

NORMAL ! ) | NORMAL A '
operation STOP operation Warm-up e Speration /‘;)- STOP operation ——
STOP mode started by AN
the program. STOP mode is released by the hardware at the rising edge of STOP
pininput.

Figure 1-16. Edge-Sensitive Release Mode
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STOP mode is released by the following sequence :

@® The high-frequency clock oscillator is turned on.

@ Awarming-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 fc=4.194304 MHz fc=8 MHz
3x29/fc [s] 375 [ms] 196.6 [ms]
219 /1, 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.

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).

3-A8700-23




TMPA8700CH/CK/CM/CP/CS

TOSHIBA

25233y / HeIS BPOIN dOLS £L-L d1mbiy

ases|jas apow dOLs  (9)

X : X

! X 0

'

ndino pog

 + © 552Ippe 38 UoINIISU} x € + © SS3JpPe J& UOIINIISU| x Z +essaippele uodnnsul ).

uonaxa

/

e b -4~

I ey uomdnisul

p+e x

493unod

e
£+ weubouig

0P
dshs utepy

1038{|1DSQ

uo uIn} I po-uiny  HMIP
L}
1

_| ndu
uid dous

-qy-F----

(e ssaJppe je pa1edo] uonINIIsu) £ (LYISAS) L3S Yyamiseys : ajdwex3) peys apow doLs  (e)

dn buiwiem )

£+U x Z+u x

X u x Japing

0 X\ p+u x
. —
\

; . 3ndino pog
(0=N3LNOUBYM) Z1H Y=
. O i
. ! - uonRnNIAIXD
— m £7(14DSAS)L3S x uoIINISY|
- ]
H 133uN0d
+e
g+e x [4 wesboid

i
320
S 1 1 T 1 e I T
1
|

30 E:»—

3N
1031950

uo uiny

3-A8700-24



TOSHIBA TMPA8700CH/CK/CM/CP/CS

(2) IDLE mode
IDLE mode is controlled by the system control register 2 and maskable interrupts. The following status
is maintained during IDLE mode.
@® Operation of the CPU and watchdog timer is halted. On-chip peripherals continue to operate.

@ The data memory, CPU registers and port output latches are all held in the status in effect before
IDLE mode was entered.

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

Example : Starting IDLE mode.
SET (SYSCR2). 4 ;IDLE«1

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 mode returns to NORMAL mode.

a.Normal release mode (IMF ="0")
IDLE mode is released by any interrupt source enabled by the individual interrupt enable flag (EF).
Execution resumes with the instruction following the IDLE mode start instruction (e.g. [SET (SYSCR2).
4]). Normally, IL (Interrupt Latch) of interrupt source to release IDEL mode must be cleared by load

instructions.

Starting IDLE mode
by instruction
T

CPU, WDT are
halted

Reset input Reset

nterruptreques

( Normal )
release mode
No

Yes (Interrupt release mode)

Interrupt processing

L ——

Execution of the
instruction which
follows the IDLE mode
start instruction

Vv

Figure 1-18. 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 interruptis 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 A8700CH/CK/CM /CP/CS 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 A8700CH / CK/CM /CP/ CS has a total of 14 interrupt sources : 5 externals and 9 internals. Nested
interrupt control with priorities is also possible. Two of the internal sources are pseudo non-maskable
interrupts ; the remainder are all maskable interrupts.

Interrupt latches (IL) that hold the interrupt requests are provided for interrupt sources. Each interrupt
vector is independent. The interrupt latch is set to “1” when an interrupt request is generated and
requests the CPU to accept the interrupt. The acceptance of maskable interrupts can be selectively
enabled and disabled by the program using the interrupt master enable flag (IMF) and the individual
interrupt enable flags (EF). When two or more interrupts are generated simultaneously, the interrupt is
accepted in the highest priority order as determined by the hardware. Figure 1-20 shows the interrupt

controller.
Table 1-2. Interrupt Sources
Vector

Interrupt Source Cg:gitaclign Intg;zt;]pt AL%?’I:SS Priority

'E:fgpna;( (Reset) Non-Maskable — FFFEy | High 0
Internal [INTSW (Software interrupt) Pseudo —_ FFFCH 1
Internal | INTWDT (Watchdog Timer interrupt) non-maskable IL; FFFAH 2
External |INTO (External interrupt 0) IMF =1, INTOEN =1 IL3 FFF8H 3
Internal [INTTC1 (16 bit TC1 interrupt) IMF-EF4 =1 ILg FFF6H 4
Reserved IMF-EF5 =1 ILs FFF4y 5

Internal [INTTBT (Time Base Timer interrupt) IMF-EFg =1 ILg FFF2H 6
External |INT2 (External interrupt 2) IMF-EF7 =1 IL7 FFFOy 7
Internal [INTTC3 (8 bit TC3 interrupt) IMF-EFg =1 ILg FFEEH 8
Internal [INTSBI (Serial bus Interface interrupt) IMF-EFg =1 ILg FFECH 9
Internal [INTTC4 (8 bit TC4 interrupt) IMF-EF19=1 IL10 FFEAH 10
External |INT3 (External interrupt 3) IMF-EFq1=1 IL11 FFE8H 11
External |INT4 (External interrupt 4) IMF-EF{2=1 IL12 FFEGH 12
Internal [INTOSD (OSD interrupt/SLICER interrupt) |IMF-EFq3="1 ILq13 FFE4H 13
Internal [INTTC2 (16 bit TC2 interrupt) IMF-EF14 =1 IL14 FFE2H 14
External [INT5 (External interrupt 5) IMF-EF¢5=1 IL15 FFEQOHy |Low 15
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(1) Interruptlatches (IL15 to 2)
Interrupt latches are provided for each source, except for a software interrupt. The latch is set to “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 003CH 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 I > for a watch dog timer
interrupt to “0”). Thus, interrupt requests can be cancelled and initialized by the program. Note that
interrupt latches cannot be setto “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: Clears interrupt latches
LDW  (IL), 1110101010111111B  ;ILq2, IL1o, ILg, ILg <0

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

Example 3 : Tests an interrupt latch
TEST (ILH). 4 ;IL12=1then jump
JR F, SSET
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(2) Interrupt enable register (EIR)

The interrupt enable registers (EIR) enable and disable the acceptance of interrupts, except for the
pseudo non-maskable interrupts (software and watchdog timer interrupts). Pseudo non-maskable
interrupts are accepted regardless of the contents of the EIR ; however, the pseudo non-maskable
interrupts cannot be nested more than once at the same time. For example, the watchdog timer
interrupt is not accepted during the software interrupt service.

The EIR consists of an interrupt master enable flag (IMF) and individual interrupt enable flags (EF).
These registers are assigned to addresses 003A 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. Setting to “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 set
to “1" only when pseudo non-maskable interrupt service is started with interrupt acceptance
enabled (IMF = 1). Note that the IMF remains “0” when cleared by the interrupt service program.
The IMF is assigned to bit 0 at address 003Ap 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.

Individual interrupt enable flags (EF5 to EFg)

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 : Sets EF for individual interrupt enable, and sets IMF to “1".
LDW (EIR), 1110100000000001B ; EF15to EFq3, EFqq, IMF &1

Example 2 : Sets an individual interrupt enable flag to “1”.

SET  (EIRH). 4 i EF2 <1
Interrupt Latch
15 14 13 12 11 10 6 5 4 3 2 1 0
I : : : : : : — ey
IL L L L L L L : IL IL IL IL IL
(003C, 003D,,) 15 14 13 12 11 10 9 6 5 4 3 2 |
1L (003Dy) IL, (003Cy)

Interrupt Enable Register

(R/W) (Initial Value :  0000%000 000000+ )

EIR

EFq5 i EFq4 [ EFq3 | EFqp [ EFqq | EFqp [ EFg |

i EFg i EF5 i EFg : : IMF

(003A, 0038,

EIR, (003B,,)

Note 2 : Do not clear the IL) by an instruction.

Note4: *:don’tcare

Note 7 : Do not use any read-modify-write instruction such as bit manipulation for clearing IL.

Note 3 : Do notset IMF to “1” during non-maskable interrupt service programs.

EIR, (003A,)

(R/W) (Initial value : 00000000 0000+ **0)

Figure 1-21. 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.

@ ® 00

Interrupt service task

10 S N N T N

1 machine cycle

-T

N
1
= 1 7 1t 1 1 11 1.1 |
Interrupt H H ! !
signal 1 1 H H
i i 1 i
1 1 1
Interrupt 1 1 1
latch 1 ! !
1 1 I
1 : 1
IMF i w i F,_l_l
T 28 | e e o o o o — — — 1
1 1 1
1 1 ! !
Instruction X i
exe?dticlan IQ)S(gcuugctilgr? X Interrupt acceptance Qiterc”u%ﬁ'é’r? RETI instruction execution
& = X . nmm@m@ GO
SP n

Note 1: a:returnaddress, b : entry address, ¢ : address when the RETI instruction is stored
Note 2 : The maximum response time from when an IL is set until an interrupt acceptance processing starts is 2 / fp, to 38/ fm [s].

Figure 1-22. 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

D203,
D204,

FFF2,,

FFF3y

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.

111 "
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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 ; Switches to bank n (1 us at 8 MHz)
:Interrupt processing :
RETI ; Restores bank and Returns

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
PUSH HL .. i Save HL register pair
: Interrupt processing :
POP HL ; Restore HL register pair
POP WA ; Restore WA register pair
RETI ; Return
Address (Example)
S IR e I D | 0838
L 0839
B B e B
A 083B
S IO B e I R
........ PG PG e PG .| 083D
........ PG, e PG e PG oo, | OBBE
R A e PV e DIV S 083F
At acceptance of E> At execution of a push E> At execution of a pop E> At execution of an interrupt return
aninterrupt instruction instruction instruction
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@ 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 : Saving / restoring a register using data transfer instructions

PINTxx : LD (GSAVA), A ; Save A register
: Interrupt processing :
LD A, (GSAVA) ; Restore A register
RETI ; Return
Main task Main task
Acceptance of Interrupt service Acceptance of Interrupt service
Bank m % task % task
T ) Switch to bank by Saving registers
[LD RBS, n] or
[INC (GRBS)]
n instruction
- Restore bank
m Interrupt return automatically by
[RETI]/[RETN] Restoring registers
instruction

(a) Saving/restoring by register bank changeover

| A
Interrupt return

(b) Saving/restoring using push/pop or data transfer instructions

Figure 1-23. Saving/Restoring General-Purpose Registers

(3) Theinterruptreturn instructions [RETI]/[RETN] perform the following operations.

[RETI] Maskable Interrupt Return [RETN] Non-Maskable Interrupt Return

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

@ The stack pointer isincremented 3 times. |@ The stack pointer isincremented 3 times.

@ The interrupt master enable flag is set to |@ The interrupt master enable flag is set to “1” only

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

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

Note: When the interrupt processing time is longer than the interrupt request generation time, the
interrupt service task is performed but not the main task.
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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
FFy to unused areas of the program memory. The address trap reset is generated in case that an
instruction fetch from a port of RAM area or SER area.

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 Interrupt
The A8700CH / CK/CM / CP / CS have five external interrupt inputs (INTO, INT2, INT3, INT4, and INT5).
Three of these are equipped with digital noise reject circuits (pulse inputs of less than a certain time are
eliminated as noise). Edge selection is also possible with INT2, INT3 and INT4.
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.)
Edge selection for INT2 and INT4 are performed by the external interrupt control register.

Table 1-3. External Interrupts

. Enable e I . .
Source Pin Conditions Enable Conditions Edge Digital Noise Reject
INTO INTO P50 /PWMS8 [IMF =1,INTOEN =1 Falling edge — (Hysteresis input)
Pulses of less then 7 / f. [s] are
INT2 INT2 | P53/TcC1 IMF-EF7 = 1 F.a.llmg edge or eliminated as noise. Pulse of
rising edge 24 /fc [s] or more are
considered to be signals.
Falling edge, rising | Refer to the section of the
INT3 INT3 |P30/RXIN |IMF-EFq1=1 edge or falling / Remote control signal
rising edge preprocessor.
Pulses of less then 7 / f. [s] are
INT4 INTZ2 | P31/TcC3 IMF-EFq = 1 F.a.llmg edge or eliminated as noise. Pulse of
rising edge 24 /fc[s] or more are
considered to be signals.
INT5 INT5 |P20/STOP |IMF-EFqg5=1 Falling edge — (Hysteresis input)

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

INTO /INT5 input HUNTL tINTH >teyc
Note : tcyc=4/fc[s]

tINTL : tINTH

Note 2: If a noiseless signal is input to the external interrupt pin in the NORMAL or IDLE mode, the
maximum time from the edge of input signal until the IL is set is as follows :
INT2, INT3, INT4 pins 25/ fc[s]
Note 3: The noise reject function is also attected for timer/ counter input (TC1 and TC3 pins)
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7 6 5 4 3 2 1
ENTCR e = T . : B
0037, L wgr [INIO [rcaes)] I8 Jercses)| N2 ] nor P © (nitial value : 0000 000%)

0: P50 input/output port

INTOEN | P50 /N0 pin configuratio P20
pin configuration 1 NTO pin (Port P50 should be set to an input mode)

R/W
INT4E 0 : Rising edge

s INT4, INT2 edge select 's'f‘g 9
INT2 ES 1: Falling edge

Note 1: =*:don’tcare

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 INT2ES and INT4ES during NORMAL mode, clear
interrupt latches of external interrupt inputs (INT2 and INT4) after 8 machine cycles from the time of rewriting.

Note 4 : In order to change an edge of timer counter input by rewriting the contents of INT2ES and INT4ES during NORMAL mode,
rewrite the contents after timer counter is stopped (TC+s =0), that is, interrupt disable state. Then, clear interrupt laches of
external interrupt inputs (INT2 and INT4) after 8 machine cycles from the time of rewriting to change to interrupt enable state.
Finally, start timer counter.

Example : When changing TCT pin inputs edge in external trigger timer mode from rising edge to falling edge.

LD (TCICR), 01007000B ; TC1S « 00 (Stop TC1)
DI ; IMF « 0 (Disable interrupt service)
LD (EINTCR), 000007008 ; INT2ES « 1 (Change edge selection)
1 NOP
8 machine to

cycle NOP
LD (ILL), 01111111B ;IL7 « 0 (Clear interrupt latch)
El ; IMF « 1 (Enable interrupt service)
LD (TCICR), 01111000B ;TCIS « 11 (Start TC1)

Note 5 : Always write "0” to bit 7, 1 in EINTCR.

Note 6 : 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

LD (SYSCR1), 070000008 ; OUTEN « 0 (Specifies high-impedance)
DI ; IMF « 0 (Disables interrupt service)

SET (SYSCR1), STOP ; STOP « 1 (Activates stop mode)

LDW (IL), 1170011701070111B ;IL12, 11,7, 3 < 0 (Clears interrupt latches)
El ; IMF « 1 (Enables interrupt service)

Figure 1-24. 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 output
is selected.
When the watchdog timer is not being used for malfunction detection, it can be used as a timer to
generate an interrupt at fixed intervals.

1.10.1 Watchdog Timer Configuration

MPX Reset release signal from T.G.
122 —— A Binary Counters L
fe12?' —— B Clock R
19
fc/217 —C Overflow WDT output _| Resetoutput
fc/2V ——Dg Clear 1 2 s Q —[>—E| RESET
2 Interrupt request
ke +—— INTWDT
Internal reset Enable
Q
S R
WDTEN Writing Writing clear WDTOUT
WDTT disable code code
Controller
WDTCR1 WDTCR2
WatcHdog Timer Control Registers

Figure 1-25. Watchdog Timer Configuration

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.
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Example : Setsthe watchdog timer detection time to 22"/ fc [s] and resets the CPU malfunction.

LD (WDTCR2), 4Eh ; Clearsthe binary counters
—LD (WDTCR1),00001101B ; WDTT « 10, WDTOUT « 1
Within WDT | LD (WDTCR2), 4Eh ; Clearsthe binary counters
ﬂﬁ;‘:mon : (Always clear immediately after changing
| WDTT)
o r LD (WDTCR2), 4Eh ;  Clearsthe binary counters
Within WDT |
detection
time ;
—LD (WDTCR2), 4EH ;  Clearsthe binary counters

Watchdog Timer Control Register 1

2 1 0
WDTCR1 .
WDT Initial value :  ***% 1001
(0034p,) woTT | ouT { )

. ) 0: Disable (It is necessary to write the disable code to WDTCR2)
WDTEN Watchdog timer enable / disable

1: Enable
00: 2%/f, [s] (4.194 [s], at fc =8 MHz)
WDTT Watchdog timer detection time 01: 22/fc (1.048 [s], at fc =8 MHz) Write
(] r | |
atchdos 10: 22"/% (262.1 [ms], at fc=8 MHz) only
11: 2"9/4 ( 65.5 [ms], at fc =8 MHz)

0 : Interrupt request

WDTOUT | Watchdog timer 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: WDTCRI is a write-only-register and must not be used with any of read-modify-write instructions

Note 4 : Just before starting STOP mode, disable the watchdog timer, or clear the counter. When the counter is cleared just before
starting STOP mode, clear the counter again just after releasing STOP mode.

Watchdog Timer Control Register 2
7 6 5 4 3 2 1 0

WDTCR2

(Initial value :  *xxx xxxx)
(0035y)

4EH  : Watchdog timer binary counter clear (Clear code)
B1y :Watchdog timer disable (Disable code) Write
OtHers : Invalid only

Watchdog timer control code write
register

WDTCR2

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

Figure 1-26. 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 : Enables watchdog timer
LD (WDTCR1),00001000B ; WDTEN « 1

(3) Watchdog timer disable
The watchdog timer is disabled by writing the disable code (B1p) to WDTCR2 after clearing WDTEN (bit
3in WDTCR1) to “0”. The watchdog timer is not disabled if this procedure is reversed and the disable
code is written to WDTCR2 before WDTEN is cleared to “0”. The watchdog timer is halted temporarily
in STOP mode (including warm-up) and IDLE mode, and restarts automatically after STOP or IDLE mode
is released. During disabling the watchdog timer, the binary counters are cleared to “0”.

Example : Disables watchdog timer
LDW (WDTCR1),0B101H ; WDTEN « 0, 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. Ifa
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 12/ fc
t0 16/fc(1.5t0 2.0 us at fc= 8 MHz)

2" /48] :

: c :
Clock I . S [ N N N
Binary counter 1 x 2 XEX 0 X 1 X 2 X 3 X 0

Overflow

?/‘

INTWDT interrupt

WDT reset output 1 (Hi-z) |("L" output)

Writes 4Ey to WDTCR2

Figure 1-27. 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 16/ fc[s] max (2 us 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 (PC) | (FFFFW)-(FFFER) | Divider of Timing generator 0
Register bank selector (RBS) 0 Watchdog timer Enable
Jump status flag (JF) 1

Referto 1/ 0O port

Interrupt master enable flag (IMF) 0 Output latches of /0 ports circuitry
Interrupt individual enable flags  (EF) 0 _ Refer to each of
Interrupt latches (IL) 0 Control registers control register

1.11.1 External Reset Input

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

When the RESET pin input goes high, the reset operation is released and the program execution starts at
the vector address stored at addresses FFFEy to 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 1-28. 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 form the RAM or the SFR area
(addresses 0000y to 043Fy of A8700CH / CK / CM and addresses 0000y to 083Fy of A8700CP / CS), and
address-trap-reset will be generated. Then, the RESET pin output will go low. However, when the ROM
corrective function is enabled, the address-trap-reset is automatically disabled on the RAM area from
02404 when the patched program is running. The reset time is 12 /fcto 16/ fc [s] (1.5 to 2.0 us at fc=8
MHz).

Instruction / }
execution P a / \ Resetrelease antructlon ataddressr
! 1
Address-trap is occurred i L
________ —_—emmmm bk — -
RESET output (“L" output) (( (Hi-z) ! I
! 1
1 N | [ |
T T | 1
! 12/fcto 16/fcs] I 4rfe | 16/fc !
to
16/fc
Note 1: The “a” is address in the area of the RAM or the SFR.
Note 2 : During reset release, a reset vector “r” is read out, and an instruction at address r is fetched and decoded.

Figure 1-29. Address-Trap-Reset

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

1.11.4 System-Clock-Reset
Clearing bit 7 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) =0 is detected to
continue the oscillation. Then, the RESET pin output goes low from high-impedance. The reset time is 12
/fcto 16/fc[s] (1.5 to 2.0 us at fc =8 MHz).
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1.12 ROM Corrective Function

The ROM corrective function can patch the part (s) of on-chip ROM with some bugs. The patched data
should be loaded from an external memory at the initialized routine beforehand. The Figure below
shows one example of configurations loading the patched data via 12C-bus. The ROM corrective function
have two modes. One is to replace the instruction on a certain address in the ROM with the jump
instruction to branch into the RAM area where the patched codes and / or data are loaded (Program
Jump Mode). The other is to replace a byte or a word (2 byte) length data in the ROM with the patched
data (Data Replacement Mode). When the ROM corrective function is enabled, the address-trap-reset is
automatically disabled on the RAM area from 0240y where the patched program is running.

Note 1:For using this function, it is necessary to put the processing routine in the initialized routine
beforehand on the premise that the ROM corrective function will be used.
Note 2:BMA8700CSNOA does not support the ROM corrective function.

Example :
ROM corrective circuit
ROMCDR ROMCCR
T
® Correction mode
RAM 12C e Correction code
® Patch program
1.12.1 Configuration
I
Address bus Data bus B By B, B
a al al a
nl n} n} n
Match kKl ki ki ok
. 1 1
Address compare circuit IM.l Instruction fetch control circuit 0 1 : 2 : 3
P
1 1
15 T T
[} 1
to to | § 1 1
Register 4 : :
[} 1
selection 3 : !
circuit 2 : :
1 1 1
1 1
0 1 1
3 1 1
M Compare address Compare address Data register Data register .
register (The lower) register (The upper) (The lower) (The upper) H H
1 1
1 1
1 1
1 1
™M CM: CM: ™M
o] 11 21 3
Write data count Corrective mode signal t 1
I
Register write signal T ROMCCR
ROMCDR CM0to3 | WDC
L | 1 1 1 1 | 1 : U

Figure 1-30. ROM Corrective Circuit
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1.12.2 Control

The ROM corrective function is controlled by ROM corrective control register (ROMCCR) and ROM
corrective data register (ROMCDR).

ROM corrective control register

7 6 5 4 3 2 1 0
ROMCCR | cm3 | cm2 | CcM1 | cMo | wDC (Initial value : 0000 0000)
(OFCOy,) . . .
cm3 Corrective mode setting (BANK3)
cm2 Corrective mode setting (BANK2) 0 : Program jump mode
__________________________________ R/W
M1 Corrective mode setting (BANK1) 1: Data replacement mode
(&%) Corrective mode setting (BANKO)
) Counting the number of the byte written in
WDC Write data counter Read only
ROMCDR
ROM corrective data register
7 6 5 4 3 2 1 0
ROMCDR : : : : : : : (Initial value : 0000 0000) Write only

(OFC1,)

Figure 1-31. ROM Corrective Control Register and ROM Corrective Data Register
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(1) The ROM corrective data register writing
The ROM corrective data register has four banks corresponding to four independent locations to
patch. The write data counter (WDC) points each bank to set. (Figure 1-32)

ROMCDR | ROMC7 | ROMC6 | ROMCS5 | ROMC4 | ROMC3 | ROMC2 | ROMC1 | ROMCO | Initial value (0000 0000)

(OFC1H)
WDC after writing data
— 0000 (Initial value)

The lower 8 bits of the corrective ROM address 0001
The upper 8 bits of the corrective ROM address 0010

BANK O
The lower 8 bits of jump address / replacement data 0011
The upper 8 bits of jump address / replacement data 0100
The lower 8 bits of the corrective ROM address 0101
The upper 8 bits of the corrective ROM address 0110

BANK 1
The lower 8 bits of jump address / replacement data 0111
The upper 8 bits of jJump address / replacement data 1000
The lower 8 bits of the corrective ROM address 1001
The upper 8 bits of the corrective ROM address 1010

BANK 2
The lower 8 bits of jump address / replacement data 1011
The upper 8 bits of jJump address / replacement data 1100
The lower 8 bits of the corrective ROM address 1101
The upper 8 bits of the corrective ROM address 1110

BANK 3
The lower 8 bits of jump address / replacement data 1M1
The upper 8 bits of jump address / replacement data — 0000

Note 1: WDCvalue equals to the number of the byte stored in ROMCDR.
Note 2 : ROMCDR is set in order of the lower (8 bits) and the upper (8 bits) start address of the corrective area, the lower (8 bits) and the upper
(8 bits) of the jump address / the replacement data.

Figure 1-32. Banks and WDC Value of The Program Corrective Data Register

Whenever ROMCDR is written, WDC is incremented to indicate what data is written via ROMCDR.
During reset, WDC is initialized to “0".

The lower start address of the corrective area (8 bits)

The upper start address of the corrective area (8 bits)

The lower jump address / replacement data (8 bits)

The upper jump address / replacement data (8 bits)

When the bank 1, bank 2, and bank are used, repeat writing @ to @.

OP®OOO

Note: Set the corrective ROM address at least 5 addresses apart from the set address of each
bank.
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1.12.3 Functions
The ROM corrective function can correct maximum four ROM areas with their corresponding four banks
of ROM corrective registers. Either program jump mode or data replacement mode is selected for each
bank by CMO0 to CM3 respectively.

(1) Program jump mode

The program jump mode is to execute the program in the RAM area to correct the bug (s) in the ROM.
The start address of ROM that should be patched and the jump vector pointing the RAM area are
specified by ROMCDR. When the program is about to run on the code at this start address, the jump
instruction is issued, the program branches into the RAM at the jump vector, and the subsequent
program codes primarily loaded into this RAM area are executed. After this patch program execution,
the program must be returned to the ROM area by any of the jump instructions at the end of this RAM
area. By doing these, the correction of the bug is completed. The program jump mode can be selected
at CMn =0 (n =0 to 3 for each bank).

Note: The start address must point the 1st byte of the instruction codes (Op-Code).

Example : There is bugs on the locations from C0204 to C085y

The corrective address, the jump vector, the program patch codes and other information
to patch the ROM with the bugs must be read out from any of memory storage that holds
them during initial program routine. CMn =0 specifies the program jump mode.
Subsequently, the patch program codes are loaded into RAM (06004 to 06EFY). The start
address (C020y) of the ROM necessary to patch is written to the corrective ROM address
registers, and the start address (06004) of the RAM area to patch is loaded onto the jump
address registers. When the instruction at C020y is fetched, the instruction to jump into
06004 is unconditionally executed instead of the instruction at C020y, and the subsequent
patch program codes are executed. The jump instruction at the end of the patch program
codes returns to the ROM at C086.

0000,

003F,,
0040,

Patch program

083Fy JP CO86H

OF80y DBR

OFFF,,

11004 Return

€020,
CO85H

ROM

FFFFy
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(2) Datareplacement mode

The data replacement mode is to directly replace a single byte or word (2 byte) length data with the
replacement data which are written via ROMCDR.

The program jump mode can work as the equivalent data replacement mode. However, when many
instructions refer a certain data in the ROM which must be patched, the program jump mode consumes
the same number of banks as that of the instructions referring this (these) data. ROM data replace
mode reduces this kind of bank consumption. (Note : The instruction that gains access to an only byte
is replaced to an only start byte.) By setting CMn to 1, the data replacement mode is selected. The start
address of ROM data is set to the corrective ROM address, and two bytes replacement data is set to the
patch data register via ROMCDR.

Note: The corrective address must point the constant data in the data replacement mode. It is
impossible to replace opecode and operand in the data replacement mode.

Example : The start address is set to C020y as the location of the replaced data. Two bytes of the
patch data are set 33y for C020y, CCH for C0214.

0000
" (Example 1)
SFR At HL=C020,,
003F, Executing LD A, (HL) loads 33, in A.
0040, RAM (Data replacement)
(Example 2)
083F, AtHL=C021y,
Executing LD A, (HL) loads AA in A.
(No data replacement)
OF80
" (Example 3)
DBR AtHL=C020,,,
OFFFy Executing LD WA, (HL) loads CC33 in WA.
(Data replacement)
11004
ROM
€020, 33y
Replacement data
€021y AAy [ CCy
€022y
FFFFy

Note: The instructions with memory prefix (HL +) or ( — HL) can not be used in the data replacement
mode.
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2.  On-Chip Peripherals Functions

2.1 Special Function Registers (SFR) and Data Buffer Registers (DBR)
The TLCS-870 Series uses the memory mapped | / O system and all peripherals control and data transfers
are performed through the special function registers (SFR) and data buffer registers (DBR).
The SFR are mapped to addresses 0000y to 003Fy, and the DBR to addresses 0F80 to OFFFy.
Figure 2-1 shows the list of the A8700CH / CK/CM /CP / CS SFRs and DBRs.

Address Address Read Write

0000, 00204 SBICRT (ACK/CHS) JsBIcR1 (SBIcontrol )
01 21 [ SBIDBR (Bl data buffer) e
02 22( e 2CAR("Cbus address)
03 23 | SBSR(SBistatus) SBICR2 (S8l control2)
04 24| SBICR3 (SBI control 3)
05 25 |.
06 26 | T RVVIVIDBR AP VYV data DuTTEr)
07 27
08 28 |.
09 | 29|
0A |.. 2A . .
0B 2B Oosbcontrol
0oC 2C registers
oD 2D T
OE 2E T
OF 2F _
10 30
11 31
12 32
13 33
14 34
15 35
16 36
17 37
. o T sy, Semeontro)
A BAL ERL (Interrupt enable register) =r=rrrrovreee
18 3B | B RH e
s |y ety
1E 3| o Reserved
1F 3F |PSW (Program status word) RBS (Register bank selector)

Note 1: Do not access reserved areas by the program.

Note 2 : — : Cannot be accessed.

Note 3 : 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.)

Note 4: When defining address 003F with assembler symbols, use GPSW and GRBS.

Note5: SBI : Serial bus interface
PWM  : Pulse with modulation
OSD  :Onscreendisplay

(a) Special function registers

Figure 2-1-1. SFR & DBR
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Address Read Write
OF80Y Reserved

89

4s
b
4

90 O.SD .......................................................................... OSD COn‘tr0| .............
L TR ReseIVed e
98 | ) Reserved e
I RESeIVed e e
96 OSD .............
97 0SD control
98 | SIEDRI(SIFdata ) e
99 | SIFDR2 (SIF data 2) e
9A
L I OO RESEIVEA e
9c |[OSD l OSD control
9D
9E e RESEIVED | et ettt
9F Reserved

OFAO
Al
A2 | SLVLCR (Slice levelregister) ... ..l SLVL (Slicer level control register) ...
A3 | e, Reserved e
L RESeIVed e
A5 Reserved
A6
AT el RESBIVE e
A8 e ReseIVed e
L RN Reserved e
o~ RN
AB — JRMCR (Jitter remove control register)
AC
AD | e, P3CR2 P31/ 0 control 2)
L S PSCRZ(PS1/Qcontrol2) |
AF Reserved

C0
(&
(@]

4

OFDO

OFFF T Reserved T

(b) Data buffer registers

Note 7: Do not access reserved areas by the program.

Note 2 : — : Cannot be accessed.

Note 3 : Write-only registers and interrupt latches cannot use the read-modify-write instructions. (Bit manipulation
instructions such as SET, CLR, etc.

Note4: OSD : Onscreendisplay
SIF : Slicer interface
Remo-con : Remote control

Figure 2-1-2. SFR & DBR
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2.2

1/ 0O Ports

The A8700CH /CK/CM/CP/CS has 6 parallel input/output ports (33 pins) as follows :

Primary Function

Secondary Functions

Port P2 1bit1/0 port External interrupt input, and STOP mode release signal input
External interrupt input, remote control signal input, timer /

Port P3 6 bit1/0 port counter input, serial bus interface input / output and data
slicerinput

Port P4 8 bit1/0 port Pulse width modulation output
Pulse width modulation output external interrupt input, timer

Port P5 8 bit1/0 port / counter input, serial ports, serial bus interface input/ output,
and analog input

Port P6 8 bit1/0 port R G, BandY / BL output fron‘_l OSD.arcwtry, R.G.Band Y /BL
input, analog input, and test video signal output

Port P7 2 bit1/0 port 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 1/ 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.
execution of the instruction which writes to an 1/ 0 port.

Output data changes in the S2 state of the write cycle during

L Fetch cycle L Fetch cycle " Read cycle K
™ - > !
So S1 S2 S3 S¢o S1 S2 S3 So S1 S2 S3
Instruction -——— _———
execution Ex:LDA, (x) |
cycle e ! 1 L 1 I 1 1 I 1 o
Input strobe LR T e -
Data input . % W -
(a) Inputtiming
. Fetchcycle | Fetchcycle | Read cycle |
I T 1 1
So S1 S2 S3 So S1 S2 S3 S0 S1 S2 S3
Instruction -——— _———
execution Ex: LD (x), A |
cycle R 1 I 1 i 1 1 1 1 1 ———
Input strobe - : e
Data input X

(b) Outputtiming

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

Figure 2-2.

Input/Output Timing (Example)
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When reading an | / O port except programmable | / O ports, whether the pin input data or the output

latch contents are read depends on the instructions, as shown below :

(1) Instructions thatread the output latch contents

VOO

XCH r,(src)

SET/CLR/CPL (src).b

SET/CLR/CPL (pp).g

LD (src).b, CF

LD (pp).b,CF

ADD/ADDC/SUB/SUBB/AND/OR/XOR (src),n

(src) side of ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), (HL)

(2) Instructionsthat read the pin input data

®
@

Instructions other than the above (1)
(HL) side of ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), (HL)

2.2.1 Port P2 (P20)

Port P2 is a 1bit input / output port. It is 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

setto “1”. During reset, the output latch is initialized to “1”.

Itis 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 1in P2 are read in as undefined data.

SET/CLR/CPL/others —— /V CMP/MCMP /TEST/ others

Data input < /J—
Output latch ]
Data input —-IE - ll: {1 P20 (INT5/STOP)

Control input ._@

STOP ﬁ:}’
OUTEN
v, 6 S A 3, 2 i, 1.
P2 : : : : : 5 : P20
(002y) i i i : i i INTS
: : : : : : : STOP

Note : » : don’t care

Figure 2-3. Port P2
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2.2.2 Port P3 (P35 to P30)

Port P3 is an 6bit 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 P3 input/
output control register 1 (P3CR1). Port P3 is configured as an input if its corresponding P3CR1 bit is
cleared to “0”, and as an output if its corresponding P3CR1 bit is set to “1”. During reset, P3CR1 is
initialized to “0", which configures port P3 as an input. The P3 output latches are also initialized to “1”.
Data is written into the output latch regardless of the P3CR1 contents. Therefore initial output data
should be written into the output latch before setting P3CR1.

Port P3 is also used as an external interrupt input, Remote-control signal input a timer / counter input,
data slicer input and serial bus interface input / output. When used as a secondary function input pin
except I2C bus interface input / output, the input pins should be set to the input mode. When used as a
secondary function output pin except I°C bus interface input / output, the output pins should be set to
the output mode and beforehand the output latch should be setto “1”. When P34 and P35 are used as
I2C bus interface input/ output, P3CR2 bits should be set to the sink open drain mode, the output latches
should be setto “1”, and the output pins should be set to the output mode.

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

Example 1: Outputs an immediate data 5AH to port P3.
LD (P3), 5AH ; P3 < 5AH

Example 2 : Inverts the output of the lower 4 bits (P33 to P30) in port P3.

XOR (P3),00001111B

: P33 to P30 « P33 1o P30

STOP STOP
OUTEN | OUTEN
P3CR1i ﬂ/]— P3CR1i ﬁ
Data input Y . ¢ Data input < g
Control input <——I Control input (1) ‘——I
P3CR2i
Data output Data output —-| D Q I 1 II\/ |
P3i P3j
Output latch : Output latch
Control output VIN (*2)
(a) P35toP34 (b) P33toP30
A 6. 3 4 3 2 ! 0
P3 : : P35 : P34 : P33 i P32 : P31 : P30 -, .
(0003) : SDAO © SCLO © VINO | VIN1 i INT4 i 73 | (nitialvalue: =+T11111)
: : TC4 ¢ CSIN @ TC3 : RXIN
7 6 5 4 3 2 1 0
P3CRT  vrerrrerinminninannns
(©oosy) i | | | | | | (Initial value :  *+00 0000)
M Wri
P3CR1 1/0 control for P3 0: Input mode rite
1: Output mode only
7 4 2 1
PICRZ  wovrteriosnns 6.3 LDAA 0.
omow 1L I N O T (niialvalue:_ss11 4110
: Sink i
P3CR2 | 1/0 control for P3 0: Sink open drain RIW
1: Tri-state
(1) only P33, P31
(#2) only P33, P32
Note 71: =*:don‘tcare, i=5to4, j=3to0
Note 2 : P3CR1 cannot used the read-modify-write instructions. (Bit manipulation instructions such as SET, CLR, etc. and logical operation such
as AND, OR, etc.)

Figure 2-4. PortP3 and P3CR

3-A8700-51




TOSHIBA TMPA8700CH/CK/CM/CP/CS

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 PACR bit is set to “1”. During reset, PACR 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. Therefore 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 mixed, the
contents of output latch setting input mode may be changed by executing bit manipulation

instructions.
STOP
OUTEN
PACRI
Data input
Data output
Output latch
PWI
7 6 5 4 3 2 1 0
P4 PA7 : P46 : PA5 : PA4 : PA3 : P42 : P41 : PAD Initial value : 11111111
(©008) | PWN7 : PWME : PWMS : PWMA | PWM3 : PWMI2 : PWMT  Pwip |  (Initial value: )
7 6 5 4 3 2 1 0
f(;‘ogim | : | (Initial value : 0000 0000)
0: Input mode Write

P4CR I/ 0 control for port P4

1: Output mode only

Note1:i=7to0
Note 2 : P4CR cannot be used with the read-modify-write instructions. (Bit manipulation instructions such as SET, CLR, etc. and logical

operation such as AND, OR, etc.)

Figure 2-5. Ports P4 and P4CR
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2.2.4 Port P5 (P57 to P50)

Port P5 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 P5 input /
output control register 1 (P5CR1). Port P5 is configured as an input if its corresponding P5CR1 bit is
cleared to “0”, and as an output if its corresponding P5CR1 bit is set to “1”. During reset, P5CR1 is
initialized to “0", which configures port P5 as an input. The P5 output latches are also initialized to “1”.
Data is written into the output latch regardless of the P5CR1 contents. Therefore initial output data
should be written into the output latch before setting P5CR1.

Port P5 is also used as is also used as A / D converter analog input, a pulse width modulation (PWM)
output external interrupt input, timer/ counter input, and serial bus interface input/output. When used
as a secondary function input pin except 1°C bus interface input / output, the input pins should be set to
the input mode. When used as a secondary function output pin except I12C bus interface input / output,
the output pins should be set to the output mode and beforehand the output latch should be setto “1”.
When P52 and P51 are used as I2C bus interface input / output, PSCR2 bits should be set to the sink open
drain mode, the output latches should be set to “1”, and the output pins should be set to the output
mode.

Note: Input mode port is read the state of input pin. When input / output mode is used mixed, the
contents of output latch setting input mode may be changed by executing bit manipulation
instructions.
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OLSJ-'IESIG Analog input
i El — AINDS
P5CR1i ﬂ/]— SAIN
i STOP
Data input AN OUTEN
P5CR1i ﬂ/]—zDi
j Data input < 4
Data output D ™ |
—‘| Q I 1L~ ‘

P5j DD a j N O

Output latch Data output
P5j
Output latch
(a) P57 (b) P56toP54

Analog input (S:)TUOTPEN
AINDS .

SAIN P5CR1i ﬂ/]—:' —
ooror = e Data input <1
P5CR1i — ———— Control input -——]
| .

;:I P5CR2i
y

Data input AN
Control input <——I

Data output Data output
P5I1
PSk Output latch
t latch
Control output Outputlate Control output
@ P53 (d) P52toP51
STOP
OUTEN
P5CR1i ﬁ:' )—
Data input < »
Control input =——
Data output
P5m
Output latch
Control output
(e) P50
7 6 5 4 3 2 1 0
P5 P57 : P56 i P55 : P54 I P53 [ P52 I P51 ! P50 " )
(00051) DAIN3 D AIN2 © AINT : INT2 © SO1 :PWMO : PWMS (Initial value:  11111111)
: : : : TC1 i SDA1 : SI1 : INTO
¢ SCK1 :SCL1 2 TC2
©AINO : : :
7 6 5 4 3 2 1 0
PSCR1 : : : : : : ; - .
(0009R) H : : : : : : (Initial value : 0000 0000)
ol Wri
PSCR1 | 1/0 control for PS 0:Input mode rite
1: Output mode only
P5CR2 » )
(OFAER) (Initial valug :  *%x% x11%)
: Sink i
PSCR2 | 170 control for P5 0: Sink open drain QW
1: Tri-state

Note1: =x:dontcare, i=7, j=6to4 k=3 [=2to1
Note 2 : P5CR1T cannot be used with the read-modify-write instructions.
(Bit manipulation instructions such as SET, CLR, etc. and logical operation such as AND, OR, etc.)

Figure 2-6. Ports P5
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2.2.5 Port P6 (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/ output mode is selected by the corresponding bit in the port P6 input /
output control register (P6CR). Port P6 is configured as an input if its corresponding P6CR bit is cleared to
”0", and as an output if its corresponding P6CR bit is set to “1” and P6nS 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.
Port P6 is used as an on screen display (OSD) output (R, G, B, and Y / BL signal) / input (RIN, GIN BIN, Y /
BLIN signal), a test video signal output and A / D converter analog input. When used as a secondary
function input, the input pins should be set to the input mode. When used as an OSD output pin, the
output pins should be set to the output mode and beforehand the port P6 data selection register (P67S to
P64S) should be clear to “0”.

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

Example : Sets the lower 4 bits (P63 to P60) in port P6 to the output mode, and the other bit to the
input mode.
LD (P6CR), OFH : P6CR «<—00001111p
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STOP STOP
OUTEN @: OUTEN
PECRI ————————— P6CR3 ——
Data input ’ Data input
\l RIN \l T
Data out ™
put D Q A Y Data output D Q . > —1{]
PG6i P63
Output latch Output latch
R,G,B,Y/BL —————=B S
P6iS 1
(a) P67toP64 (b) P63
STOP
OUTEN = )
PGCR2 Analog input
) AINDS
Data input SAIN
STOP
GIN OUTEN
P6CR] ———————4
Data input
BIN, Y /BLIN \l T
Data output 0
P62
Output latch N
CsSouT AS Data output ——| D Q e e |
t P6j
HVFREE Output latch
(c) P62 (d) P61toP60
7 6 5 4 3 2 1 0
P6 P67 : P66 : P65 : P64 : P63 : P62 : P61 : P60 (Initial value : 1111 1111)
(0006H) Y/BL : B G ¢ R ¢ RN : GIN : BIN :Y/BLIN
: : : : 1CSOUT: AIN5S : AIN4
7 6 5 4 3 2 1 0
P6CR (Initial value : 0000 0000)
(000Dy)
M Writ:
P6CR 1/0 control for port P6 0:Input mode rie
1: Output mode only
7 6 5 4 3 2. ! 0
ORP6S : : : : (RDW | (MFY . .
(OF91p3) P675 : P6ES : P65S : Pe4s | P (Initial value : 0000 **00)
P67S to 0: The OSD output (R, G, B, Y/BL Write
Selection of the output data for port Pén utput( ) "
P64S 1: Port P6n output latch only
Note1: =:dontcare, i=7to4, j=T1to0
Note 2 :  P6CR and ORP6S cannot be used with the read-modify-write instructions. (Bit manipulations such as SET, CLR, etc. and logical
operation such as AND, OR, etc.)

Figure 2-7. Ports P6, P6CR, and P67S to P64S
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2.2.6 Port P7 (P73 to P70)
Port P7 is a 2bit 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.

SET/CLR/CPL/others CMP /MCMP /TEST / others

Data input

Data output ]
P7i
STOP
ouTEN —dP
HD, VD
AT B ol T S 3o 2. 0
P7 P71 : P70 L _
(0007) VD . TD (Initial value :  #x%% xx11)

Note:i=1to0, *:don’tcare

Figure 2-8. Ports P7
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2.3 Time Base Timer (TBT)

MPX
fe/2% A
fe/ 2% B
fc/216 C Source clock
fc/2' > Rising INTTBT
fe/2B>—E Y :| — edge = interrupt
fes22 >—F detector request Source clock
fer2" >—6 : : :
9 H : H :
f/2® >—HS TBTEN — 5 : :
3 1 : : :
TBTCK TBTEN | I ||
INTTBT :
B e EE—
| TBTCR ! ' Interruptperiod '
Time Base Timer Control Register Enable TBT
(a) Configuration (b) Time base timer interrupt

Figure 2-9. Time Base Timer

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. (Figure 2-9 (b))
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.

Example : Sets the time base timer frequency to fc/2'¢ [Hz] and enables an INTTBT interrupt.
LD (TBTCR), 00001010B

SET (EIRL). 6
2 1 0
(ToBoT3ceRH)  TBTCK | (Initial value  0%*0 0***)
: Disabl
TBTEN Time base timer enable / disable 0: Disable
1:Enable
000:fc/2?3[Hz]  (  0.95Hz.atfc=8 MHz)
001 : fc/22 ( 3.81Hz,atfc=8MHz)
010: fc/2'® ( 122.07 Hz,at fc=8 MHz) RIW
TBTCK Time base timer interrupt frequency select 011:fe/2* (488.28 Hz,atfc=8MHz)
pirequency 100: fc/2% (97656 Hz,at fc=8 MHz)
101 : fe/2"? ( 1953.12 Hz,at fc =8 MHz)
110 : fc/2" ( 3906.25 Hz,at fc =8 MHz)
111 f¢/2° (15625 Hz, atfc=8MHz)

Note 1 : fc : High-frequency clock [Hz], * : don’t care
Note 2 : Always write "0” to bit 7to 4 of TBTCR

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

2.4.1 Configuration

MCAP1
S .
A TC1S
—Y
B
Decoder Command start
Ext.
. Ext.
Pulse width . trigger start Pset Q
measurement trigger ¢
mode
> Clear
Falling Rising

Edge detector METT1

INTTC1 interrupt

Clear

16 bit up-counter

Pulse width
measurement
mode

Match

Lo

CMP

TREG1B

TREG1A |

INT2ES
MPX
TC1pin [T D
fer2" A B
fc/27 B Y[ A
3 Clock
fe/2 Cs s
, t
Window mode
Capture
TC1CK SCAP1
TC1CR |

Timer /counter 1 control register

Note: CMP : Comparator
MPX : Multiplexer

16 bit timer registers 1A, 1B

Enable

| Match detect control |

tt

TREG1A, TREGTA_
TREG1B, TREG1B,
write strobe

Figure 2-11.

Timer/Counter 1(TC1)
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2.4.2 Control

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

Write
only

TREGIA 15 14 13 12 11 10 8 7 6 5 4 3 2
(0010, 0011, | . TREG1Ay(0011,,). . | . TREG1A, (0010,) .
Write only
TREG1B
(0012,0013,) | . TREG1B,, (0013,) . | . TREG1B, (0012,) .
Read only
7 6 5 4 3 2 0
TCICR : SCAP1 - .
(0014,) ©omon [mcar TC1$ TC1CK TCIM (Initial value : 0000 0000)
: METT1 , , ,
00 : Timer/external trigger timer / event counter mode
. 01 : Window mode
TCIM Timer/counter 1 mode select ’
10 : Pulse width measurement mode
11 : Reserved
00 : Internal clock fc /2" [Hz]
' 01 : Internal clock fc /2’
TC1CK | Timer/counter 1 source clock select 3
10 : Internal clock fc/2
11 : External clock (TC1 pin input)
00 : Stop & counter clear
. 01: Command start
TC1S Timer /counter 1 start control
10 : Reserved
11: External trigger start
SCAP1 Software capture control 0: —
P 1 : Software capture trigger Note 3)
. 0 : Double edge capture
MCAP1 | Pulse width measurement control .
1:Single edge capture
. . 0: Trigger start
METT1 | External trigger timer control .
1: Trigger start & stop
Note 1 : f¢: High-frequency clock [Hz]
Note 2 : Writing to the low-byte of the timer registers (TREG1A,, TREG1B,), the comparison is inhibited until the high-byte (TREG1Ay, TREG1B,)
is written.
Note 3 : Set the mode, source clock, edge, PPG control and timer F/ F control when TC1 stops (TC1S =00).
Note 4 : Software capture can be used in only timer and event counter modes.
Note 5 : Values to be loaded to timer registers must satisfy the following condition.
TREGTA>0
Note 6 : Always write "0” to bit 7in TCICR.
Note 7: TCICR cannot be used with the read-modify-write instructions. (Bit manipulation instructions such as SET, CLR, etc. and logical
operation such as AND, OR, etc.)

Figure 2-12. Timer Registers and TC1 Control Register
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2.4.3

Function

Timer / counter 1 has five operating modes : timer, external trigger timer, event counter, window, pulse
width measurement mode.

(1) Timer mode
In this mode, counting up is performed using the internal clock. The contents of the timer register 1A
(TREG1A) are compared with the contents of the 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 the up-counter can be transferred to the timer register 1B (TREG1B) by setting
SCAP1 (bit 6 in TC1CR) to “1" (software capture function). SCAP1 is automatically cleared to “0” after

capturing.

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

S Clock Resolution Maximum Time Setting
ource Lloc (AT fc=8 MHz) (AT fc=8 MHz)
fc/2" [Hz] 256 us 16.77696 s
fc/27 16 us 1.04856s
fc/23 1us 65.535ms

Example 1: Setsthe source clock to fc/27 [Hz] and generates an interrupt 1 [s] later (at fc =8 MHz).

LD (TC1CR), 00000100B
LDW (TREG1A), OF424H

SET (EIRL). EF4

El

LD (TC1CR), 00010100B

Example2: Softw

LD (TC1CR),01010100B
LD WA, (TREG1B)

are capture

; Sets the TC1 source clock
; Sets the timer register (1s +fc/27 =F424y)

; Enables INTTC1 interrupt

; Starts TC1

; SCAP1 « 1 (Captures)

; Reads captured value

SCAP 1

Source clock

Up-counter

INTTC1 interrupt

Source clock

Command start

JULT Uy L

o

OO

Xn-1X:_X(;)X1XzX3X4X5X6X7X:

TREG1A » X o

q

D

Match
detect

¥

Counter
clear

(a) Timer

T e
comer Yo X X o X X X X X X

Capture

Capture

TREG1B

X

X-

ﬂ

h

(b) Software capture

Figure 2-13. Timer Mode Timing Chart
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(2) External trigger timer mode

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

The TC1 pin input has the same noise rejection as the INT2 pin ; therefore, pulses of 7 / fc [s] or less are
eliminated as noise in the NORMAL or IDLE mode. A pulse width of 24 / fc [s] or more is required for
edge detection.

Count start Count restart

TC1 pininput ﬁTrigger | ﬁ iTrigger (INT2ES = 0)
| !

Internal clock | | | | | |:| | | | | I | I
I

Up-counter 0 I X 1 XZX 3 st Xn—1XEX o XXXz X

TREG1A X n

INTTC1 Match W Clear

(a) Triggerstart (METT =0)

Count start Count clear Count start

TC1 pininput Trlgger Trigger Trigger LRising edge select
(INT2ES =0)

TREG1A p

INTTC1 Match W Clear

(b) Trigger start & stop (METT1=1)

>

Note:m<n

Figure 2-14. External Trigger Timer Mode Timing Chart
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(3) Event counter mode
In this mode, events are counted at the edge of the TC1 pin input. Either rising or falling edge can be
selected with INT2ES in EINTCR. The contents of the TREG1A are compared with the contents of the
up-counter. If a match is found, an INTTC1 interrupt is generated, and the counter is cleared. The
maximum applied frequency is fc/ 2% [Hz] in the NORMAL or IDLE mode.
Setting SCAP1 to “1” transferees the current contents of the up-counter to the TREG1B (software
capture function).

Command start

TC1 pininput I | I | I | I | I | I I_l Ll |
Up-counter ' st X n-1 X_n_XTTrX 1 2

1
TREG1A X n D

1
: Match Counter
INTTC1 interrupt ! detect clear

Figure 2-15. Event Counter Mode Timing Chart (INT2ES = 1)
(4) Window mode
Counting up is performed at the rising edge of the pulse that is the logical AND-ed product of the TC1
pin input (window pulse) and an internal clock. The contents of the TREG1A are compared with the
contents of the up-counter. If a match is found, an INTTC1 interrupt is generated, and the counter is
cleared. Positive or negative logic for the TC1 pin input can be selected with INT2ES. Setting SCAP1 to
“1" transferees the current contents of the up-counter to the TREG1B. It is necessary that the
maximum applied frequency (TC1 input) be such that the counter value can be analyzed by the
program. That is, the frequency must be considerably slower than the selected internal clock.

Command start

TC1 pininput

— I
\ 1 1 1
1 | |
]
Internal clock | | |:| I |:| | | | I | I | |:| | | | | |:| | | I | | | | | I
: - ” o - 5 | 1
[ : : : ! ! :
D G5 € € € G © 0.0 65 €5 €

1
L}
TREG1A X 7 b
1
1
1
1

Match W Clear

INTTC1

(a) Positive logic (INT2ES =0)

Command start

TC1 pin input

i | |

1
|
Internal clock ||||||||||||||||||||||||||:|||||I
1 ! ' '
! [ : :
Up-counter 1 0 X X XZX X X 6 XZX 8 W
T
1

TREG1A X 9 q

INTTC1 Match Clear

ot

(b) Negative logic (INT2ES=1)

Figure 2-16. Window Mode Timing Chart
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(5) Pulse width measurement mode

Counting is started by the external trigger (set to external trigger start by TC1S). The trigger is selected
either rising or falling edge of the TC1 pin input. The source clock is used an internal clock. Atthe next
falling (rising) edge, the counter contents are transferred to the TREG1B and an INTTC1 interrupt is
generated. The counter is cleared when single edge capture mode is set. When double edge capture is
set, the counter continues and, at the next rising (falling) edge, the counter contents are again
transferred to the TREG1B. If a falling (rising) edge capture value is required, it is necessary to read out
the TREG1B contents until a rising (falling) edge is detected. Falling or rising edge is selected with
INT2ES, and single edge or double edge is selected with MCAP1 (bit 6 in TC1CR).

Count start Count start

TC1 pininput ' Trigger

Internal clock I|I|I|I|I|I|||‘§||||||||||||‘JL||—|L|L|I_
DOOEE M XX

Capture

TREG1B

INTTC1 |-|

(a) Single edge capture (MCAP1=1)

[Applications] High or low pulse width measurement

Count start Cou ntstart

TC1 pininput

Internal clock ||||IllllllllLJlIlIlIlIl]LJuI_II_II—II—

pcounter Dﬂﬁﬂﬂ@ﬂ@@@ﬁ@@@@ﬂ
TREG1B X"1 = Xm -

I I

[Applications] @  Period / Frequency measurement
@ Duty measurement

(b) Double edge capture (VICAP1=0)

Figure 2-17. Pulse Width Measurement Mode Timing Chart
Example : Duty measurement (Resolution fc/27 [Hz])

CLR (INTTC1Q). 0 ; INTTC1 service switch initial setting
LD  (EINTCR), 00000000B ;  Setstherise edge at the INT2 edge
LD  (TC1CR), 00000110B ;  Setsthe TC1 mode and source clock
SET (EIRL). 4 ;  EnablesINTTC1
LD  (TC1CR),00110110B ;  Starts TC1 with an external trigger
PINTTC1: CPL (INTTC1C). 0 ;  Complements INTTC1 service switch
JRS  F,SINTTC1
LD (HPULSE), (TREG1BL) ; ReadsTREG1B
LD (HPULSE + 1), (TREG1BH)
RETI
SINTTC1: LD (WIDTH), (TREG1BL) ;  Reads TREG1B (Period)

LD  (WIDTH + 1), (TREG1BH)
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2.5 16 bit timer/Counter 2 (TC2)

2.5.1 Configuration

MPX TC2S >—[>c
TC2 pin [ H
MPX
Window
fc/ 2283 >—={A B Clear
13 >——»lB D
fC/Zs Timer/ Y—-I 16 bit up-counter
fe/28 >—C event counter Source
Y A

fc/23 >—=D clock

E S

Fs TC2M T INTTC2

R detect interrupt

E |
TC2S nable
TC2CK
TC2CR | TREG2 | | Match detect control |
Timer/Counter 2 control register 16 bit timer register 2 1 f
TREG2H TREG2L
write strobe write strobe

Figure 2-18. Timer/Counter 2 (TC2)

2.5.2 Control
The timer / counter 2 is controlled by a timer / counter 2 control register (TC2CR) and a 16 bit timer
register 2 (TREG2). Reset does not affect the TREG2.

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

TREG2
(0016, 00174y . . TREG2H (0017)y), | TREG2L (00164,
Write only

7 6 5 4 3 2 1 0
TC2CR RIS

(0015y)

| TC28 |  TC2CK | | ITCZ'V' | (Initial value : %00 00+0)

0: Timer/Event counter mode

TC2M Timer/counter 2 ting mode select
C imer/counter 2 operating 1: Window mode

000 : Internal clock fc /22 [Hz]
001 : Internal clock fc/2%3
010 : Internal clock fc/28

011 : Internal clock fc/23 Write
100 : Reserved only
101 : Reserved

110 : Reserved

111 : External clock (TC2 pin input)

TC2CK | Timer/counter 2 source clock select

0 : Stop and counter clear

TC2S Timer /counter 2 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 (TREG2p) is written.
After writing to the high-byte, any match during 1 machine cycle (instruction execution cycle) is ignored.

Note 3: Set the mode and source clock when timer/ counter stop (TC2S =0).

Note 4: Values to be loaded to the timer register must satisfy the following condition.

TREG2>0 (TREG2 15 to 11>0 when warm-up).

Note 5: The TC2CR and the TREG2 cannot be used with any of the read-modify-write instructions. (Bit manipulation in structions such as SET,

CLR, etc. and logical operation such as AND, OR, etc.)

Figure 2-19. Timer Register 2 and TC2 Control Register
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2.5.3 Function
The timer / counter 2 has three operating modes : timer, event counter and window modes.

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

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

S Clock Resolution Maximum Time Setting
ource Lloc (AT fc=8 MHz) (AT fc =8 MHz)
fc /22 [Hz] 1.048576s 19h 5 min 18.4s
fc/213 1.024 ms 1 min 71s
fc/28 32 us 2.09712s
fc/23 1us 65.535 ms

Example : Setsthe source clock fc/ 23 [Hz] and generates an interrupt every 25 ms (at fc =8 MHz).
LD (TC2CR), 00001100B ; Setsthe source clock

LDW (TREG2), 61A8H ; Sets TREG2 (25 ms + 23/ fc = 61A8y)
SET (EIRH). EF14 ; Enables INTTC2 interrupt
El

LD  (TC2CR),00101100B ; Starts TC2

(2) Event counter mode
In this mode, events are counted at the rising edge of the TC2 pin input. The contents of TREG2 are
compared with the contents of the up-counter. If a match is found, an INTTC2 interrupt is generated,
and the counter is cleared. The maximum frequency applied to the TC2 pin is fc / 2% [Hz] in the
NORMAL and IDLE mode.

Example: Setsthe event counter mode and generates an INTT2 interrupt 640 counts later.

LD (TC2CR),00011100B ; Setsthe TC2 mode

LDW (TREG2), 0280H ; Sets TREG2

LD (TC2CR), 00111100B ; Starts TC2

(3) Window mode

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

TC2 pininput

1 1
1
1
1 1
" X PO GEEEE 200666
D

TREG2 X

INTTC2 interrupt Match W Counter clear

Figure 2-20. Window Mode Timing Chart
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2.6 8bittimer/Counter 3 (TC3)

2.6.1 Configuration

Inhibit
Rising
Edge Fallin Capture —>
detector 9 control >—D_
TC3M

TC3ES —1
S

TC3S J

Clear

Source clock

Overflow detector

N 8 bit up-counter

TC3M

TC3S SCAP

1
TC3CR

Timer / Counter 3 Control Register

Capture

TREG3B |

8 bit Timer Register 3A, 3B

[ ¢

Match
detector

I TREG3A I-—G:

Capture

Note : CMP : Comparator

INTTC3
interrupt

Figure 2-21. Timer/Counter (TC3)
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2.6.2 Control
The timer / counter 3 is controlled by a timer / counter 3 control register (TC3CR) and two 8 bit timer
registers (TREG3A and TREG3B). Reset does not affect these timer registers.

7 6 5 4 3 2 1 0
TREG3B
(0019) | | Read only
o do. 6 5.4 3 L S
TGCR ¢ SCAP TC3$ TC3CK TC3M iti .
(00TAR)  ieereeees | | ......... | | : | ......... | | (Initial value :  *0+0 00%0)
) . 0: Timer/event counter mode
TC3M Timer/counter 3 operation mode select
1: Capture mode
00: Internal clock fc/2'? [HZ]
' 01: Internal clock fc/2"
TC3CK | Timer/counter 3 source clock select 7
10 : Internal clock fc/2 Write
11 : External clock (TC3 pin input) only
. 0 : Stop and counter clear
TC3S Timer/ counter 3 start control
1:Start
SCAP Software capture control 0: -
P 1: Software capture
..... A > 4 3 2L
EINTCR upu (INTO (INT4 (INT2 upu : - i
©037) i O | EN) |(TC4ES)| ES) | TC3ES | ES) | O ................ (Initial value : 0000 000%*)
0 : Rising edge
TC3ES | TC3 edge select sing ecg R/IW
1: Falling edge
Note 1: fc: High-frequency clock [Hz],  * :don’tcare
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 : TC3CR and EINTCR is a write-only-register and must not be used with any of read-modify-write instructions.
Note 5: Always write “0” to bit 7and 1 in EINTCR.

Figure 2-22. Timer Register 3 and TC3 Control Registers
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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

S Clock Resolution Maximum Time Setting
ource Lioc (AT fc =8 MHz) (AT fc =8 MHz)

fc /212 512 us 130.56 ms

fc/210 128 us 32.64 ms

fc/27 16 us 4.08 ms

(2) 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/ 2% [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 6 in TC3CR) to “1”.
SCAP is automatically cleared after capturing.

Example : Generates an interrupt every 0.5, inputting 50 Hz pulses to the TC3 pin.

LD
LD
SET
El
LD

(TC3CR), 000111008

; Sets TC3 mode and source clock

(TREG3A), 19H
(EIRH). EF8

(TC3CR), 0001 1100B

;0.5s+1/50=25=19y
; Enables INTTC3 interrupt

; Starts TC3
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(3) 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
continued. On the next rising (falling) edge of the TC3 pin input, the current contents of counter are
loaded into TREG3A, then the counter is cleared again and an interrupt is generated. If the counter
overflows before the edge is detected, FFy is set to the TREG3A and an overflow interrupt (INTTC3) is
generated. During interrupt processing, it can determine whether or not there is an overflow by
checking whether or not the TREG3A value is FFy. Also, after an interrupt (capture to TREG3A, or
overflow detection) is generated, capture and overflow detection are halted until TREG3A has been
read out ; however, the counter continues. After TREG3A has been read out, capture and overflow
detection start again. Therefore, TREG3B must be read out earlier than TREG3A.

dpreonnter -2 X XXX X KK m X+ X K- XXX X2 X3 XKre XXX X2 X3 )
TC3 pin input I\ |_, ‘
\ X

. \
\
\

X m

TREG3A k

>

FF (Overflow)

\ T
X FE

T
!
Capture i_IOverrow

TREG3B

Capture
INTTC3 interrupt I_l

Reading TREG3A I_I I_I I_I_

T 1T 2%

T TN

Figure 2-23. Timing Chart for Capture Mode (TC3ES =0)

3-A8700-70



TOSHIBA TMPA8700CH/CK/CM/CP/CS

2.7 8bit Timer/Counter (TC4)

2.7.1 Configuration

TCAES
S Tcas >—{>o
TC4 pin A
pi DK Y
MPX
B
D Source Clear
fe/2" ) A YL'I 8 bit up-counter
fc/2’” >—*B
fcr22 >—Cs
2 Match
TCACK
TC4S TCAM
P[4
| TCACR | | TREG4 |
Timer/Counter 4 Control Register 8 bit Timer Register 4

INTTCA

ﬁ ﬁ interrupt

Note: MPX :Multiplexer
CMP : Comparator

Figure 2-24. Timer/Counter4

3-A8700-71



TOSHIBA TMPA8700CH/CK/CM/CP/CS

2.7.2 Control
The timer / counter 4 is controlled by a timer / counter 4 control register (TCACR) and an 8 bit timer
register 4 (TREG4). Reset does not affect the TREGA4.

7 6 5 4 3 2 1 0
TREG4 I | )
(001By) Write only
A LI 5.4 3 2 ! 0
TCACR A A | TCAS | TC4CK TCAM | iti :
(001C)  ieveeeeens STTTITRTO ST 1 1 (Initial value : = 00+0 0000)
00 : Timer/event counter mode
TCAM Timer/Countor 4 operating mode select 01 : Reserved
1% : Reserved
00 : Internal clock fc/2"" [Hz] )
7 Write
) 01 : Internal clock fc/2
TCACK | Timer/Countor source clock select 3 only
10 : Internal clock fc/2
11 : External clock (TC4 pin input)
0: Sto d counter cle
TC4S Timer/Countor start control P and counter clear
1:Start
..... 7.8 3 4 3 2
EINTCR ., | (INTO (INT4 | | (INT2 | e : . .
(00371) 0 EN) | TCAES ES) (TC3ES) ES) 0, (Initial value : 0000 000+)
0 : Rising edge
TCAES | TC4 edge select : I, 9 ecg R/W
1: Falling edge
Note 1: fc: High-frequency clock [Hz], * : don’t care
Note 2 : Set the operating mode, the source clock selection and the edge selection (TC4ES) when the TC4 stops (TC4S =0).
Note 3: Alwayswrite “1” to bit 7 and bit 6 in TC4CR.
Note 4 : Values to be loaded to the timer register must satisfy the following condition.
TREG4 >0
Note 5 : TC4CR and the TREG4 cannot not be used with any of the read-modify-write instructions. (Bit manipulations instructions such as SET,
CLR, etc. and logical operation such as AND, OR, etc.)
Note 6 : Always write “0” to bit 5 in TCACR.

Figure 2-25. 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

S Clock Resolution Maximum Time Setting
ource tloc (AT fc= 8 MHz) (AT fc = 8 MHz)

fc/ 2" [Hz] 256 us 65.28 ms

fc/27 16 us 4.08 ms

fc/23 1 us 255 s

(2) Event counter mode
In this mode, the TC4 pin input (external clock) pulse is used for counting up. 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. Counting up resumes after the counter is cleared. The maximum
applied frequency is fc / 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 (SBl-ver.A)

The A8700CH /CK/CM/CP/CS 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) / P52 (SDA1) and P34
(SCLO) / P51 (SCL1) in the 12C bus mode; and through P53 (SCK1), P52 (SO1), and P51 (SI1) in the clocked-
synchronous 8-bit SIO mode.

The serial bus interface pins are also used as the P3 / P5 port. When used as serial bus interface pins, set
the P3/P5 output latches of these pins to “1”. When not used as serial bus interface pins, the P3/P5 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 ’C bus mode of this serial bus interface circuit,
there is a possibility that the following problems raise. PC bus mode of this serial bus interface
circuit should be used by a single master ’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 I12C
bus standard.

2.8.1 Configuration

— > INTSBI Interrupt request

SCL
' SCK
10 —1 P35
Clock - (SDAO)
Control |« npu
T Output P34
¢ channel (SCLO)
f¢/4 —>| Divider Control
= SIO SO
Transfer —1 P53
Data Control T
Control — Sl (SCK1)
12C bus ]

Circuit
Clock+Sync. ) J L P52
Noise PN (SDA1/S01)
Control

Canceller Shift 12C bus
Register Data Control Noise pa P51
™ Canceller S (SCL1/sI1)
£ | Reset signal for SBI
SBICR2/
SBISR 12CAR SBIDBR SBICR1 SBICR3
SBI Control Register 2/ |2C bus $Bl Data SBI Control Register 1  SBI Control Register 3
SBI Status Register Address Register Buffer Register

Figure 2-26. Serial Bus Interface (SBl-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 control register 3 (SBICR3)

® 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 Data Formats in the I2C Bus Mode
The data formats when using the serial bus interface circuit in the I2C bus mode are shown below.

(a) Addressing format

8 bits 1 [<=—1to 8 bits —— 1 |«<—11t0 8 bits ——={ 1
I'TTTTTIRIA A A

S| Slave address /|C Data C Data c|P
W] K K K
1 lormore — >

(b) Addressing format (with restart)

8 bits 1 |<—110 8 bits 1 8 bits 1 |<—11t0 8 bits —>| 1
T T T T T Irla A T T T T T Irla A
S| Slave address /{c Data C|S | Slave address /{c Data c|P
W] K K W] K K
1 1 or more 1 1 or more —>
(c¢) Free data format
8 bits 1 |<—1t0 8 bits —>{ 1 |«—1t0 8 bits ——>{ 1
I'TTTTTT A A A
S Data C Data C Data c|P
K K K
1 lormore — >
Notes S : Start condition

RAW : Direction bit
ACK : Acknowledge bit
P : Stop condition

Figure 2-27. 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 1°C bus mode.

Serial Bus Interface Control Register 1

SBICR1 7 6 5 4 3 2 1 0
©0200) | Bc ,  Jack]cHs|  sck || (nitialvalue: 0000 0000)
ACK=0 ACK=1
BC | Number of : Number of ;
Clock Bits Clock Bits
000 8 8 9 8
001 1 1 2 1 Write
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)
. 0 : Channel0 (SCLO, SDAO) Read/
h | sel
CHS [ Input/Output channel selection 1: Channel1 (SCL1. SDA1) Write
000 : 181.8kHz )
001 : 105.3kHz
010 : 57.1kHz
. . 011 : 299kHz > atfc=8MHz (Output on SCL pin) Write
SCK | Serial clock selection 100 © 153 kHz only
101 : 7.72kHz
110 : 3.88kHz
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: Can not use SIO function when setting the CHS to “0”.

Serial Bus Interface Data Buffer Register

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

] | | | A . . | (Initial value 1 sxxx xxxx) Read / Write

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

Note2 : 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.

Note3: A value written to SBIDBR is cleared to "0” by INTSBI interrupt request signal.

Noted4: *,;don’tcare

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

12CAR Slave address
(0022) sA6 | SA5 | sA4 | sA3 | SA2 | sA1 | SAO ALS (Initial value : 0000 0000)
SA A87OQCH / CK/CM/CS slave address
selection Write
ALS Addrgss rgcognition mode 0 : Slave address recognition_ . only
specification 1 : Non slave address recognition

Note : 12CAR is a write-only register, which cannot access any of in read-modify-write instructions such as bit operate,
etc.

Figure 2-28. Serial Bus Interface Control Register 1/Serial Bus Interface Data Buffer Register/
12C Bus Address Register in the 12C Bus Mode
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SBICR3
(00244

Serial Bus Interface Control Register 2

7 6 5 4 3 2 1 0

SBICR2
(00234) [mst[TRx [ BB [ PIN | seim_ | “0" | “0” I (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 : I’°Cbus mode
11 : Reserved
Note1:  +;don’tcare
Note2:  Switch a mode to port mode after confirming that the bus is free.
Note3:  Swich a mode to 12Cbus mode after confirming that input signals via port are high level.
Note4:  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 0in SBICR2 to “0”.

Serial Bus Interface Status Register

7 6 5 4 3 2 1 0

seisk | msT [ TRx | 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 | Lastreceived bit monitor 0: Lastreceived bitis “0"
1: Lastreceived bitis 1"

Serial Bus Interface Control Register3

.......... .......... .......... .......... .......... .......... .......... EWRS (nitial value : sexe s£s0)

0 : —(Initial state)
SWRST | Software Reset 1 : Initialize SBI (After initializing SBI, the SWRST is R/W
automatically cleared to “0")

Figure 2-29. Serial Bus Interface Control Register 2/ Serial Bus Interface Status Register
in the 12C Bus Mode
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(1) 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 I2CAR 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.

(2) Number of transfer bits
The BC (bits 7 to 5 in the SBICR1) is used to select a number of bits for next transmitting and receiving
data.
Since the BC is cleared to “000” by a start condition, a slave address and direction bit transmissions are
executed in 8 bits. Other than these, the BC retains a specified value.

(3) 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.
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.

|e«—1tH|GH —>|<«—tLow —> 1/fscl

SCK
] (bits2 to 0 in the SBICR1) n
tLow = 2"/c 000 2
thigh = 2" + 12/c 001 5
010 6
fscl = 1(tLow + tHiGH) 011 7
100 8
Note : fc ; high-frequency clock 101 J
’ 110 10

Figure 2-30. Clock Source
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b.Clock synchronization
The I°C 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 matches to the process speed of the slave
device.

Start counting high-level width of a clock pulse

i
1

SCL pin (Master Device) /i wait
1

I

SCL pin (Slave Device)

X

V

RS

i
SCL (Bus) i
1

Figure 2-31. Clock Synchronization

(4) Slave address and address recognition mode specification
To operate the serial bus interface circuit in the addressing format which recognizes the slave address,
clear the ALS (bit 0in I2CAR) to “0” and set the slave address to the SA (bits 7 to 1 in 12CAR).
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.

(5) 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.

(6) 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 bit is “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.
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The following shows TRX change conditions in each mode and TRX after changing.

. . . s TRX after

Mode Direction bit Change condition changing
Slave mode 0 A received slave address is the 0
1 same as a value set to 12CAR. 1
0 i i 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.

(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.

/ a6 X a5 X aa X A3 X A2 X A1 X A0 X RW [/

Start slave address and the direction bit Acknowledge
condition signal

Figure 2-32. 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.

Loeed
Stop condition

Figure 2-33. 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.
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(8) 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 set to “1" by the program, the PIN is not cleared to “0”
when it is written “0”.

(9) 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 I1°C 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.

(10) Noise detection monitor
The I2C 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) issetto “1”. When
the AL is set to “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 orreadingdatato orfromthe SBIDBR, orwritingdatatothe SBICR2 clearstothe ALto “0”.

o T A NS\
SDA pin _\_/_\_/_' —————————————————————

1
| o ———— ———————————
SDA (Bus) 1
! Noise detection
Noise

AL

MST |>)
/

TRX [

Figure 2-34. Noise Detection Monitor

(11) Slave address match detection monitor
The AAS (bit 2 in the SBISR) is set to “1” in the slave mode, in the address recognition mode (ALS =0),
when receiving “GENERAL CALL" or a slave address with the same value that is set to the I2CAR. When
the ALS is “1”, the AAS is set 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.
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(12) GENERAL CALL detection monitor
The ADO (bit 1 in the SBISR) is set to “1” in the slave mode, when all 8-bit received data is “0”, after a
start condition (GENERAL CALL). The ADO is cleared to “0” when a start or stop condition is detected
on a bus.

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

(14) Software reset
Software reset function can be used for initializing just serial bus interface when Serial bus interface is
rocked by external noise, etc.
The SWRST (bit 0 of SBICR3) is set to “1”, internal reset signal pulse is generated and inputted into
Serial bus interface circuit. All command registers and status register are initialized to the initial value.
The SWRST is automatically cleared to “0” after initializing Serial bus interface circuit.

sctey  ___/ 6 \_/ 7 \_/ &8 \_/ 2\ _——

SDA (Bus) - D2 X D1 X DO X Ackrsxpwledge X

ignal

LRB ~ X p2 X bt X D0 Xacknowledgesignal -

INTSBI I_I

interrupt request

Figure 2-35. Last Received Bit Monitor

3-A8700-81



TOSHIBA TMPA8700CH/CK/CM/CP/CS

2.8.5 Data Transfer in 12C Bus Mode

(1) Device Initialization
Setthe ACKin the SBICR1to “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 and a serial bus interface pin to the CHS.
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).
Setthe 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 pinis 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 notstart 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.

————

sCLpin | 1 2 3 4 5 6 7 8 9
1 ——

1
1
. 1
SDA pin i \

[r6 Xas_Xas Xas Xaz Xar X0 XrRWY 0
“‘t‘ \ N J Acknowledge
Start condition Slave address + direction bit signal froma
slave device

PIN
INTSBI ( -
interrupt n
request

Figure 2-36. 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.

@® When the 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
SCLpin 1 2 3 4 5 6 7 8 9

SDA pin D7 __XD6 XD5 XD4 XD3 XD2 XD1 _XDO Y\__\_:'

Acknowledge signal
PIN _J from a receiver

INTSBI o

_ ..

interrupt request

Figure 2-37. 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.

PIN I to a transmitter

(”_:

interrupt request -

Figure 2-38. 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.

INTSBI

SCL pin 1 2 3 4 5 6 7 8 1
soApin AR CHB.CED IS CEB.CINE C VA S -
"""""" ST N Emmmm Emmmm oo o emmee Acknowledge signal
sent to a transmitter
PIN | l I I |
< i < :
1
1
interrupt request -J-l $ n ] |-|__
"0" - ACK, "001" - BC,
Read SBIDBR Read SBIDBR

Figure 2-39. 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 t ow 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 ADO (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

In the slave receiver mode, the serial bus interface
circuit receives a slave address of which the value
of the direction bit sent from the master is "1".

Set the number of bitsin T-word to the BCand
write transmitted data to the SBIDBR.

In the slave transmitter mode, 1-word data is
transmitted.

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

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
“0" —BB
“1" —=PIN

SCL pin

SDA pin

PIN

BB (Read)

1

(5) Restart

Figure 2-40. Stop Condition Generation

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 us 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)

0" > MST
"0" > TRX
'0" - BB

1" > PIN

|<4.7 [s] (Min) >

1
"1
"

1

1" > MST
1" > TRX
" —>BB
1" = PIN

,— Start condition

SCL (pin)

SDA (pin)

LRB

L]

“~—

_r\l\__/\

BB

PIN

—

Figure 2-41. 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

SBICR1 7 6 5 4 3 2 1 0
(00204) |S|OS | ISl\lla S|QM | e | SCK | (Initial value : 0000 0000)
......... 1 1
0: Stop

SIOS | Indicate transfer start/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 : fc/25 ( 250 kHz)
001 : fc/26 ( 125kHz)
010 : fc/27 (62.5kHz)
011 : fc/28 (31.25kHz2) >atfc=3MHz<Outputon>
100 : /29 (15.62 kHz) SCKpin

101 : f¢/210 (7.81 kHz)

110 : fg211 (3.90kHz)
111 : External clock (input from SCK pin)

SIOM [ Transfer mode select

Write
only

N

SCK | Serial clock select

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

Note 2 : Clear the SISO to “0” and set the SIOINH to “1” when setting the transfer mode and serial clock.

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

Note 4 : Setbit 3 to “1” in SBICR1 when SBl is used as SIO mode.

Serial Bus Interface Data Buffer Register

SBIDBR 7 4 2 1
SBIDER | 6 5 3 0

, , , , , , , | (nitial value :  »wxx xxxs) 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.

Note 2 : don’tcare

Serial Bus Interface Control Register 2
SBICR2 7 6 5 4 3 2

(0023)  eeeeeees e TP e
0T IO oT LT L SBM *rkx 00%+)
00 : Port mode (serial bus interface output disable)
SBIM Serial bus interface operation mode 01:SI0 mode Write
selection 10 : 12C bus mode only
11 : reserved

Note 1: = ;don’t care

Note 2 : Switch a mode to port after data transfer is complete.

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

Note 4 : SBICR2 is a write-only regiter, which cannot access any of in read-modify-write instructions such as bit
operate, etc.

Note 5 : Clear bits 7 to 5 in the SBICR2 to "0”, and set bit 4 to “1”.

Figure 2-42-1. 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 7 4 2 1
R > %
SIOF Serial transfer operating status 0 : Transfer terminated
monitor 1 : Transfer in process Read
: Shif i i only
SEF | Shift operating status monitor 0:5 !toperat!ontcermlnated
1: Shift operation in process
Serial Bus Interface Control Register
Lo e s A2 0
SBICR3 § : : 5 : : SWRS (Initial valug :  #%*x *%%0)
TN S WS S P WS N
0: —
SWRST [ Software reset 1 : Initializing of serial bus interface (After initializing R/W
SBI, the SWRST is automatically cleared to “0")

Figure 2-42-2. Serial Bus Interface Status Register in SIO Mode

(1) Serial clock
a. Clock source

The SCK (bit 2 to 0in 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 | |1| |2| |3- 7] |8 1 [ el |71 18] 111 |2] I3

sopinoutput o Xar¥ez 2Xaar— KboXor, e XbsXoaXbr Xeo Xer X
p O —

Write transmitted data :X a X b X C

Figure 2-43. 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).

won LI LT

-

tseke tsckH
tsckLs tsckH = 4 teyc Note : tcyc =4/fc (in NORMAL mode, IDLE mode)

Figure 2-44. 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 bit1 X bitz2 X bit3 X bita X bits X bite X bit7

Shift register Xr6543210 7654321 K #576532K 55476543 K x5 47650 K 1 455765 K s x 554 76K kw0447

(a) Leading edge

SCK pin |[:|AIAIAIAIAIAIA
Sl pin \béto X bitt X bitz2 X bit3 X bita X bits X bite X bit7

ShlftregISter ********ﬁ******x10****** 210*****X3210**** 43210***X543210** 6543210x 76543210
(b) Trailing edge

Note : *,; don’tcare

(2) Tr
The

a.

Figure 2-45. Shift Edge

ansfer mode
SIOM (bit 5 and 4 in the SBICR1) is used to select a transmit, receive, or transmit/receive mode.

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

_e
SIOF _|

SEF

SCK pin (output)
SO pin

INTSBI interrupt
request

SBIDBR
A (a) Internal clock
Write transmitted data
Clear SIOS
SI0S
SIOF
SEF

SCK pin (input)

SO pin

INTSBI interrupt
request

SBIDBR
* A (b) External clock
Write transmitted data
Figure 2-46. 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 (P5). 3 ; If SCK =0 then loop
JRS T,STEST2
LD (SBICR1),00000111B ; SIOS «0

SCK pin | I
SIOF |

SO pin bit6 X bit 7 7

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

Figure 2-47. Transmitted Data Hold Time at End of Transmit
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b.8-bit receive mode
Set the control register to receive mode and the SIOS to “1” for switching to receive mode. Data is
received from the 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 isread.
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).

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.

l«—— ClearsiI0s —>

si0s _6[ /4 I\\
SioF ] \ \71(
SEF — 1 |

SCK pin (output)

Sl pin

INTSBI interrupt

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

Figure 2-48. Receive Mode (Example : Internal Clock)
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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 data is 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 “07,
read the last data, and then switch the transfer mode.

[«—————— ClearSiIos ——>1
S10S
SIOF
SEF
SCK pin
(output)
SO pin
Sl pin
INTSBI interrupt ” ”
request
SBIDBR X = b Xd
Write transmitted Read received Write transmitted Read received
data (a) data (c) data (b) data (d)

Figure 2-49. Transmit/Receive Mode (Example : Internal Clock)
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SCK pin I I
SIOF |

SO pin bit6é X  Bit7in lasttransmitted word S/

tsopH = Min. 4/fc [s] (In normal mode, idle mode)

Figure 2-50. Transmitted Data Hold Time at End of Transmit/Receive

(3) Software reset (Bit 0 of SBICR3)
Software reset function can be used for initializing just serial bus interface when Serial bus interface is

rocked by external noise, etc.

The SWRST (bit 0 of SBICR3) is set to “1”, internal reset signal pulse is generated and inputted into
Serial bus interface circuit. All command registers and status register are initialized to the initial value.
The SWRST is automatically cleared to “0” after initializing Serial bus interface circuit.
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2.9 Remote Control Signal Processor / 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. When the remote control
signal processor / external interrupt 3pin 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 processor / external interrupt 3 input pin, it can be used
for normal 1/ Os.

2.9.1 Configuration

fer2" >
fer2'0 >—
for2® >
fo127 >
fo128 >
fo12° > Receive bit :> o ]
fc/22 >_| counter Receive bit counter value monitor (RBCTM)
Y
|_ Selector
RNC
INT3/RXIN [—= Polarity Noise canceler RNCT Interrupt ] > INT3
select select INT Interrupt request
EINT
Measurement
width select ) Remote control receive counter
8 bit up-counter )
| Selector | register (RXCTR)
I
atch detect
L( fe1128 R |
£l 28 Shift register
2|3 , L— £./12"
2
L fer12"™ 2 4 I
RPOLS RCCK RMM RCS CREGA
Remote control receive
RXCR1 RXCR2 data buffer register
(RXDBR)
Remote control receive Remote control receive
command register 1 command register 2

Figure 2-51. Remote Control Signal Processor
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2.9.2 Remote Control Signal Processor Control
When the remote control signal processor is used, operating states are controlled and monitored by the
following registers. Interrupt requests also use the remote control signal processor / external interrupt 3
input pin.

® Remote control receive control register 1 (RXCR1)

® Remote control receive control register 2 (RXCR2)

® Remote control receive counter register 1 (RXCTR)

® Remote control receive data buffer register 2 (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".

Remote control receive control register 1

7 6 5 4 3 2 1 0
RXCR1
(OFDO) reck  [reois | EWNT RNC (Initial value : 0000 0000)

00:fc/2%  [Hz]
01:fc/28

10: /2"

11: 472"

0 : Positive

1: Negative

00 : Rising edge

01: Falling edge

10 : Both edges

11 : 8 bit receive end

000 : Noise canceler disable
001:2%/fcx7-1/fc s
010:2%/fex7-1/1¢
011:2%/fcx7-1/1
100: 27 /fex7-1/%¢

101: 2876 x7-1/1¢
110:2"0/6ex7-17%¢

111: 2" /e x7-111%¢

RCCK 8 bit up-counter source clock select

RPOLS Remote control signal polarity select

(when RPOLS =0)
EINT Interrupt source select
R/W

RNC Noise canceler noise eliminating time select

Note :  After reset, RPLOS do 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

7 6 5 4 3 2 1 0
RXCR2 [ —— - T < 177" L. .
OFD 1) | CREGA | res | [ rum (Initial value : 0000 0%00)
Match detect time (Tth) = 16 x CREGA /RCCK [s]
CREGA Setting of detect time for match with 8 bit up- CREGA=1~Fy
counter upper 4bits Example : CREGA = 2h, RCCK = f( /28 [Hz], at f. = 8MHz
Tth =256 [us]
0 : Stop and counter cle
RCS 8 bit up-counter start control pa unter cear R/W
1:Start
00:
Measurement mode select 01:
RMM le.2-
(invalid when EINT = “10") 10; Seeteble.2:6
11:

Note 1: When an interrupt source is set for both edges, low and high widths are forcibly measured separately.

Note 2 : Set CREGA (1 to 16) before EINT sets to 8 bit receive end.
Note 3: *:don‘tcare

Figure 2-52. Remote Control Receive Control Register 1, 2
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Remote control receive counter register

7 6 5 4 3 2 1 0 Read onl
RXCTR H T T T T - - ead only

(OFD2p) : : : : : : : (Initial value : 0000 0000)

Remote control receive data buffer register

7 6 5 4 3 2 1 0 Read onl
RXDBR T T T T T T T €ad only

(OFD3p) : : : : : : : (Initial value : 0000 0000)

Remote control receive status register

7 6 5 4 3 2 1 0
RXSR, [———————————\ e
(OFD4) ,_RBgIM | .......... | OVFF | SRM | RNCM | (Initial value : 0000 *000)
RNCM Receive bit counter value monitor
0: No overflow
SRM 8 bit up-counter overflow flag
1: Overflow Read
) ) ) 0 : Measurement data<when Tth="0" only
OVFF Data buffer register input monitor wan
1: Measurement data>when Tth="1
RBCTM Remote con.trol signal monitor after passing
through noise canceler

Figure 2-53. 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 J—1 -]
) L1 L

00 10 FL L | =

E _H

o1 e e
0 01 o | T | A =
11 _H H

10 e R P e e e

00 J1 ]
11 Receive end

10 = =

00 — e
00 LT N I N O e B e
11 ===
o1 —1=
: 01 o | L
d = =
10 e I e
00 =

11 Receive end

10 M
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2.9.3 Noise Elimination Time Setting
The remote control receive circuit has a noise canceler. By setting RNC in RXCR1, input signals shorter

than the fixed time can be eliminated as noise.

Table 2-7. Noise Elimination Time Setting

Minimum Signal Maximum Noise Width
RNC Pulse Wid%h AT fe=8 MHz to be Eliminated AT fc=8 MHz
000 — — — —
001 (25 +5)/1c [s] 4.63 [us] (22x7-1)/fc [s] 3.38 [us]
010 (28 +5) / fc 32.63 (25x7-1)/1c 27.88
011 (22 +5)/fc 64.63 (26x7-1)/fc 55.88
100 (219+5) /fc 128.63 (27x7-1)/fc 111.88
101 (2" +5) /fc 256.63 (28x7-1)/fc 223.88
110 (23 +5)/fc 1.025 [ms] (2"0%x 7 -1)/fc 895.88
111 (24 +5) /fc 2.049 (2""x7-1)/fc 1.792 [ms]

2.9.4 Operation

(1) interrupts atrising, falling, or both edges, and measurement modes
First set EINT and RMM. Next, write “1” in RCS ; 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 (FFH) 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".
As setting RCS to “1" the OVFF is cleared to “0”.
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(2) 8bitreceive end interrupts and measurement modes

By determining one-cycle remote control signal as one-bit data set to “0” or one-pulse width remote
control signal as one-bit data setto “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 are saved, bit by bit, in RXDBR at the rising edge of the remote control signal
(when RPLOS =1, falling edge). The number of bits saved in RXDBR is counted by the receive bit
counter and saved in RBCTM. RBCTM is set to “0001B” at the rising edge of the input (when RPOLS =1,
falling edge) after the INT3 request is generated.

S e

RCCK

8 bitup 2
* g x FE FF ‘ 1
counter value

B

Setto 1 by command.

RCS

OVFF

Receive bit counter
valuex

X"_é)
RBCTM*  n-1 xn é

e

INT3
request

NN
e N N

* : Valid only when 8 bits are received.

Figure 2-57. Overflow Interrupt Timing Chart
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2.10 8bit A/D Converter (ADC)
The A8700CH / CK/CM / CP / CS each have an 8-channel multiplexed-input 8 bit successive approximate
type A /D converter with sample and hold.

2.10.1 Configuration

Ladder resistors
[ N 1A S
i il R/2 R R R/i2 i
Vpp [F——o"o———wv A\ = = = e AN w——0 vgs
1 . .
o= 1! !
LN !
" Tap Decoder
Analog input
Multi glexzr ,_._S.E’T‘E."i Hold _ _ __. - Reference
P i 1 Voltage
1 1
ANOO——— A i i
Y — W oo 1 +
AN O———B i ; i 8
1 1
AN2——C i i
i i
AIN3SO—D : ; Analog
AINA(}F———— E ' l Comparator
A =
AINSO——F
Sampling Successive Approximate Circuit
clock
EN
Shift clock
S
AINDS Control Circuit
8
SAIN ADS EOCF
4
ADCCR ADCDR
A /D Converter control register A/ D Conversion result register

Figure 2-59. A /D Converter
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2.10.2 Control
The A / D converter is controlled by the A / D converter control register (ADCCR) and the P5 / P6 port
registers (P5CR1/P6CR). The status of A /D converter operation is obtained by reading the EOCF of the
ADCCR ; the result of conversion is obtained by reading the A /D conversion result register (ADCDR).

A/ D Conversion Result Register

7 6 5 4 3 2 1 0

ADCDR : . : : . : :
(OOOFH) : H H : H H : Read On|y

Figure 2-60. A /D Conversion Result Register

A/D Converter Control Register

ADCCR 7 6 5 4 3 2 1 0 N
(000E,) | EOCF I ADS | 0| AINDS I . SAIN . (Initial value : ~ 00+0 0000)
0000 : AINO
0001 : AIN1
0010 : AIN2
SAIN Analog input selection 0011 : AIN3
0100 : AIN4
0101 : AINS
011* : Reserved RIW
1x%% : Reserved
. 0: Enable
AINDS | Analog input control R
1: Disable
ADS | A/D conversion start 0:
1:A/Dconversionstart
) 0 : Under conversion or Before conversion
EOCF End of A/D conversion flag ) R
1: End of conversion

Note 1 :+ : don’t care

Note 2 :Select analog input when A/ D converter stops.

Note 3 :The ADS is automatically cleared to 0" after starting conversion.
Note 4 :The EOCF is cleared to “0” when reading the ADCDR.

Note 5 :The EOCF is read-only.

Note 6 : Always write “0” to bit 5 in ADCCR.

Figure 2-61. A /D Converter Control Register and A /D Conversion Result Register
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2.10.3 A/D Converter Operation
The high analog reference voltage is applied to the Vpp pin and the low voltage to the Vss pin. The
reference voltages between Vpp and Vgg are split using a ladder resistor to correspond to bits. The
analog input voltage is then converted to digital by comparing it against the reference voltages.

(1) A/D conversion
Prior to A/ D conversion, one of the analog input channels (AIN5 to AINOQ) is selected by SAIN (ADCCR
bits 3 to 0). AINDS (ADCCR bit 4) is cleared to “0”, and P6 input control (P6CR) clearsto “0” the channel
to be used for analog input.

A / D conversion starts when ADS (ADCCR bit 6) is set to “1”.

On completion of conversion, EOCF

(ADCCR bit 7) isset to “1” to show the end of conversion. If ADS issetto “1” while A/D conversion isin
progress, the converter is initialized and conversion 20 is started again from the beginning.

A / D conversion takes 46 machine cycles (184 / fc [s]), the analog input voltage being sampled 4
machine cycles after the instruction to start conversion.

Note 1: The pins not used for analog input can be used as normal I/ O pins. However, to ensure
accuracy, do not execute any output instructions for anyof these pins while conversion is in
progress.

Note 2: The sample-hold circuit has a built-in 12 pF (typ.) capacitor connected via a 5 kQ (typ.)
resistor. The capacitor must therefore be charged within the 4 machine cycles.

(2) Reading of A/D conversion result
After the end of conversion, read the conversion result from the ADCDR.
The EOCF is automatically cleared to “0” when reading the ADCDR.
During conversion indifinete data is read.

(3) A/D conversion in STOP mode

When the MCU places in the STOP mode during the A /D conversion, the conversion is terminated and

the ADCDR contents become indefinite.

However, if the STOP mode is started after the end of conversion (EOCF = 1), the ADCDR contents are

held.

ADCDR X Invalid X

— Conversion time —

Result X Invalid X Invalid X Result

— Conversion time —

184 /fc[s] : 184 /fcs] :
EOCF | | | |
Operation _?_? ? ? ?
Read Start Read Start Start
Figure 2-62. A /D Conversion Timing Chart
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2.11  Pulse Width Modulation Circuit Output
A8700CH / CK / CM / CP / CS has 10 built-in pulse width modulation (PWM) channels. D / A converter
output can easily be obtained by connecting an external low-pass filter.
PWM outpuTs are multiplexed with general purpose | / O porTs as ; P40 (PWMO) to P47 (PWM7), P50
(PWMS), P51 (PWM39). When these ports are used PWM outputs, the corresponding bits of P4, P5 output
latches should be setto “1”, and be set to the output mode.

2.11.1 Configuration

ALL 0" s
R Q=0 pwwii
Match signal clock to
) x9 PWIVI9
Binary counter
Clock
|‘I4|13|12|‘I1|10|9 n 7|6|5|4|3|2|1|-—fc/2
| [ [
| | ALL“0"
S _—
} {} —1 PWMO
{ N\ Q
L Additional signal
Compare circuit x9 Compare circuit pulse generate
circuit
6 | 0 13 i 0
T T T T T — T T T T T T T T T T T 1
PV\IIIVI1It0 PYVM? Da‘Ea Iafch | X9 PWMO Data latch |
| 7, | 0 5 0
1 1 T 1 1 T 1 1 T 1 1
_— Data transfer buffer | Data transfer buffer |
Transfer control circuit I I S E R A | [ R IR R
PWMEOT —|
’—I T
7 0 7 0
T T T T T T T T T T T T T T
oozsw| |, pwcwjpwysn ||, pwoss [oossy
PWM Control Register PWM Data Buffer Register

/PWM Status Register

Figure 2-64. Pulse Width Modulation Circuit
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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 Ty = 2%/ 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 =Ty / 64), which is the sub-period of the PWMO0. When the 8 bit data are decimaln (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 T\ period. The relationship between the 6 bits data and the
position of Ts period where the additional pulse is generated is shown in Table 2-9.

Table 2-9. Correspondence between 6 bits data and the additional pulse
generated TS period

st position of 6 bitsData |  "e121VEPoston o Where The Qutput ules
Bit 0 32
Bit 1 16,48
Bit 2 8, 24,40, 56
Bit 3 4,12,20, 28,36,44,52,60
Bit 4 2,6,10,14, 18, 22, 26, 30, -*, 58, 62
Bit 5 1,3,5,7,9,11,13,15,17,:--,59,61, 63

Note: When the corresponding bitis “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 form isillustrated in Figure 2-65.

TM=64Tg

Ts(0) Ts(1) Ts(63)

1 . e

]
PWMO
Lss—

Pulse width =nxtg Pulse width=(n+ 1) tg

" Tn

w -

I'_'I Pulse width =k x t,

Note 1: Itisshown to the additional pulse Ts (1) and T (63) of the PWMO.
Note2: Tg=2%/fc(64 s, fc =8 MHz), Ty =28/ fc (32 s, fc =8 MHz)

Figure 2-65. 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 PWMEQOT of PWM status
register (PWMSR).

PWM Control Register
PWMCR  voes e LR 4.3 2 ! 0
(00254) : : : : PWMDLS (Initial value :  *%%x 0000)
: : : : | /

0000 : Lower 6 bit of PWMO
0001 : 8 High-order bits of PWMO
0010 : PWM1

0011 : PWM2

0100 : PWM3

0101 : PWM4

0110 : PWM5

PWMDLS | PWM Select and Data Transfer 0111 : PWM6

1000 : PWM7

1001 : PWM8B

1010 : PWM9

1011 : Reserved

1100 : PWM Data Transfer
1101 : Reserved

111* : Reserved

Write
only

PWM Status Register

PWMSR 7

PWMEOT

(Initial value:  *1111111)

PWM data 0: End of Transfer Read
End of PWM data transfer 1: Under Transfer only

PWM Data Buffer Register

PWNMIDBR 7 : 6 : 5 : 4 : 3 : 2 : 1 : 0 .
oo2ey | ¢ i f b i f b ] writeonly

Note : » : don’t care

Figure 2-66. PWM Control Register / PWM Status Register / PWM Data Buffer Register
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(1) Programing of PWM data

PWM output is controlled by PWM writing the output data to data latches. For the writing the output
data are divided using the PWM Control Register (PWMCR).

1.Write the number of the data latch which the data are to be written to the PWMDLS.

2. Write PWM output data to the PWMDBR.
3. Write “0CH" to the PWMCR.

Note: When switching of the output data is completed, the end of PWM data transfer flag becomes
“0”, indicating that the next data can be written. Do not write PWM data when the end of
PWM data is “1” because write errors can occur in this case.
When writing the output data to PWMO, write “0CH” to the PWMDLS 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 “0C4" is written to the data latch until PWM
output is switched is 2'5 / fc [s] (4.096 ms, at fc =8 MHz) for PWMO output and 29/ fc [s] (64 us, at fc=8
MHz) for PWM1 to PWM9 output.

Example : PWMO pin outputs 32 us pulse width without the additional pulse.

PWM1 pin outputs 16 us pulse width.
PWM2 pin outputs 8 us pulse width.

Note : at fc=8 MHz

LD
LD
LD
LD
LD
WAITO : TEST
JRS
LD
LD
LD
WAIT1: TEST
JRS
LD
LD
LD
WAIT2: TEST
JRS

(PWMCR), 00H
(PWMDBRY), 00H
(PWMCR), 01H
(PWMDBR), 80H
(PWMCR), OCH
(PWMSR). 7

F, WAITO
(PWMCR), 02H
(PWMDBR), 40H
(PWMCR), OCH
(PWMSR). 7

F, WAIT1
(PWMCR), 03H
(PWMDBRY), 20H
(PWMCR), OCH
(PWMSR). 7

F, WAIT2

; Select lower 6 bit of PWMO

; Without the additional pulse

; Select 8 high-order bits of PWMO
;32 us+2/fc=80y

; PWM Data Transfer

; PWMEOT =0?

; Slect PWM1

;16 us +2/fc=40y

; PWM Data Transfer
; PWMEOT =0?

; Select PWM?2

;8 us+2/fc=204

; PWM Data Transfer
; PWMEOT =07
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2.12 On-Screen Display (OSD) Circuit

The A8700CH / CK/CM/CP/CS features a built-in on-screen display circuit used to display characters and
symbols on the TV screen. There are 251 characters and any characters can be displayed in an area of 32
columns x 8 lines. With an OSD interrupt, additional lines can be displayed. The functions of the OSD
circuit meet the requirements of on-screen display functions of closed caption decoders based on FCC

standards.
OSD circuit functions are as follows :
@® Number of characters 1251
@ Number of display characters 1256 (32 columns x 8 lines). With OSD interrupt, nine or more
lines can be displayed.
@ Character matrix :8x9dots (8 x 13 dots including space around character)
@ Charactersizes : 3 (Specified by line)
® Display colors :Character colors  :7 colors
(Specified character by character)
Fringe colors :8 colors
Background colors : 8 colors
® Fringing and smoothing functions (For large, middle, and small characters)
@ Display position : 128 horizontal steps and 256 vertical steps
Full-raster blanking function
® Blinking function
@ Underline
@ Solid space
@ slant function (Italics)
® Window function
2.12.1 Configuration
TLCS-870CPU
ROM RAM Clock <L XN
16K /24K /32K /48K /60 Kbytes || 1K /2 Kbytes generator [ XOUT
t
oset O Oscillation Interrupt Slicer Interrupt Data
osc2 O <"t control Slicer
a]l !OSD
| Horlzczr;t:rit;;crmtlon | _.| 05D control Interrupt
P70 (D) O+ {L
) | Horlzontal position |: ]
gy F T
tion Character ‘é. B o 0 P67 (v/BL)
circuit Vertical position counter | AL code § g
° s 3 [~ P66 (8)
P71 (VD) O+ AL L Character ROM —,\ —;_ 3 | pes ©
Vertical position counter l_ 2518 x9bits Ch 5 2
I aracter £ [0 P64 (R)
data =
P60 (Y/BLIN) [} 3
P61 (BIN) o
P62 (GIN) o
P63 (RIN) O

Figure 2-67. OSD Circuit
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2.12.2 Memories for OSD

(1) Character ROM
The character ROM contains 251 character patterns. It is possible to design any patterns as below. The
character ROM consists of 256 characters stored as 8 x 9 dots (character codes 004 to FFy except 014 to
05H). Each bit in the character ROM corresponds to one dot. When a bit in the character ROM is set to
1, the corresponding dot is displayed ; if set to 0, the dot is not displayed. The start address in the
character ROM for each characters can be calculated as follows :
Start address in character ROM = CRAH x 104 + 40004

Note: CRA : Character code (004 to FFH except 01 to 05)

Character code 004 is fixed as blank data and cannot be changed to represent a different character.
Character codes 01 to 054 cannot be used by users.

Figure 2-68 shows an example of the character pattern configuration for an 8 x9 bit character
(character code 01y), with the ROM addresses and data.

In case of using SLANT function, the character data should be fixed in 6 x 9 dots area on the left side as
below.

Figure 2-69 shows the character ROM dump list for the above character pattern.

When ordering a mask, load the data to character ROM starting at address 4000y going to 4FFFy in the
1Mbit EPROM. Write “00” for all the data of address 40004 to 40084, 4010y to 4018y, 4020 to 40284,
40304 to 4038y, 4040y to 4048y and 40504 to 4058y in character ROM. Write “FF” for all the data
which has **%9 to **+Fy as an address in character ROM.

, Bit
I
[}

Address data 7

4010, 78,

4011, 84,
4012, 04y
4013, 18,

4014, 04,
4015, 04y
2016, 84y

4017, 78,
4018, 00y

(Character code 01y)

Figure 2-68. 8x9 Dot Pattern Configuration

4010/ 78 84 04 18 04 04 84 78 00 FF FF FF FF FF FF FF

Figure 2-69. Character ROM Dump List
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(2) Display memory

Each character of the 256 characters displayed in 32 columns x 8 lines consists of 14bits in the display
memory. Five data items are written to the display memory : character code, color data, blinking
specification, underline enable, and slant enable. The display memory is in an unknown state at reset.
There are two modes for writing display data to the display memory. One mode is used for writing all
display data (character code, color data, blinking specification, underline enable, and slant enable)
simultaneously. The other mode is used for changing either character codes or the remaining data
items (color data, blinking specification, underline enable, and slant enable). How to write display
data to the display memory is described in section 2.12.3 (24).

Display memory configuration

® Character code specification register (8 bits) ....... CRA7 to CRAQ

® Color data specification register (3bits) ........... RDT/GDT/BDT

® Blinking specificationflag (1 bit) ................. BLF

® Underlineenableflag(1bit) ..................... EUL

® Slantenableflag(1bit) ......... ... ... ... ... SLNT

| SLNT | EUL | BLF | RDT | GDT | BDT | CRA7 | CRAG | CRA5 | CRA4 | CRA3 | CRA2 | CRA1 | CRAO |

__/ \ / \ /
Character Color data Character code

Blinking specification flag

Underline enable flag

Slant enable flag

Figure 2-70. Display Memory Bit Configuration

G ™ 23 a|s e |7 |8 |9 |0|11]12|13]1a]15]16]17[18[ 19|20 |21 |22|23]2a]25]|26]27|28] 293031 |32
1 00|01]02|03 04|05 |06|07 |08 |09 oalos|oc|on|oe|or|10]11[12]|13]1a|15|16|17]| 18] 19[1a|18]1c|1D]1E|1F
2 20| 21|22 (23|24 |25]| 26|27 |28 |29 |2a] 28| 2c| 20| 26 | 2F 30|31 32|33 |34 3536 37|38 [39]|3a]38 [3c|3D|3E]3F
3 40 | a1 | 5F
4 60 I~ 7F
5 |80 AN 9F
6 A0 BF
7 0 N DF
8 EO ™ - FE | FF

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

Figure 2-71. Display Memory Address Configuration
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2.12.3 0OSD Circuit Control
The OSD circuit performs control functions using the OSD control registers which reside in addreses
001Dy to 001Fy and 0027y to 002Fy in the special function registers (SFR), and in addresses OF89y to
0F92yH and OF96H to OF98y in the data buffer register (DBR). Section 2.12.3 (28) shows the OSD control
registers. To write data to the OSD control registers, use the normal data buffer register access method.
The OSD control registers are used to set display start position, display character designs (that is, fringing,
smoothing, color data, character size, and etc.), display memory addresses, and character codes.
Setting the display on-off control bit, DON, (bit 0 in ORDON) to 1 enables display (starts display). Setting
DON to 0 disables display (halts display).
How to write to or read from the OSD control registers refer to section 2.12.3 (28).

(1) Display position
The horizontal display start position can be set to any value by the 128 steps. The vertical display start
position can be set to any value by the 256 steps. The horizontal display start position is specified by
OSD control registers HS16 to HS10 (ORHS1). The vertical display start position for the first line is
specified using VS17 to VS10 (ORVS1). The vertical display start position for the second line to the
eighth line are specified by setting VS27 to VS20 (ORVS2) -:- VS87 to VS80 (ORVS8).

Horizontal display start position

Specified Page by Page.

Specification steps : 128
Vertical display start position

Specified Line by Line.

Specification steps : 256
Horizontal display start position register (7 bits)
Lines 1to 8 HS16 to HS10 (ORHS1)
Vertical display start position registers (8 bits x 8)
Line 1: VS$17 to VS10 (ORVS1)
Line2: VS27 to VS20 (ORVS2)
Line 8: VS87 to VS80 (ORVSS)

Horizontal display start position
When FORS =0, normal frequency mode
HS1={(HS16 to H514) x 16" + (HS13 to HS10) x 16°} x 2Tosc + 10Tosc
When FORS =1, double frequency mode
HS1 ={(HS16 to HS14) x 16" + (HS13 to HS10) x 16%} x Tosc + 5Tosc
Vertical display start position
When VDSMD =0, normal mode
Line n : VSn ={(VSn7 to VSn4) x 16" + (VSn3 to VSn0) x 16°} x 1Tup
When VDSMD = 1, double scan mode
Line n : VSn ={(VSn7 to VSn4) x 16" + (VSn3 to VSn0) x 16°} x 2THp
Tosc : Onecycle of OSC oscillation
THp : Onecycle of HD signal2
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HD
L], ||
_____ e e e e e e e o e e e e
: Vs1 VSs2 VSs3 vsa Vvs7 Vs8
1
(0 )
1
1
1
i
1
I
I
I
1
I
1
s : Line3
1
1
1
1
!
1
1
1 .
I Line 4
i
1
1
1
1
1
1
1
i Line 7
1
: Line 8
1
I: l \. J
1
! (Settings)
Lines1,2,7,and 8 : Display on, small size character specification
Line3 : Display on, middle size character specification
Line 4 : Display on, large size character specification
Lines5and 6 : Display off

Figure 2-72. TV Screen Display Image

® Notices for setting horizontal display start position
Lines of OSD (VS1 to VS8) are fixed priority levels as follows :
VS1 > VS2 > VS3 > VsS4 > VS5 > VS6 > VS7 > VS8

@ When horizontal display start positions are set as follows :
(ORVS1) = ORVS2 = ORVS3 = ORVS4 = ORVS5 = ORVS6 = ORVS7 = ORVSS,
if higher priority level line overlapps lower one, lower one is not displayed.

O N NN — o

____________________________________

VS1 (Display on, small character)
VS2 (Display canceled, middle character)

Figure 2-73. Occasion of Overlapping (VS1 = VS2)

A O N NN — — o

VS1 (Display on, small character)
VS2 (Display canceled, middle character) i

i
VS3 (Display on, small character) / 7/7/7/7/7/7/7/7‘ _________________

(ORVS3)

Figure 2-74. Occasion of Overlapping (VS1 = VS2 = VS3)
Then the display line counter (refer to section 2.12. (16)) does not count up canceled lines.
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@ When horizontal display start position is set as follows :
ORVS1 > ORVS2 > ORVS3 > ORVS4 > ORVS5 > ORVS6 > ORVS7 > ORVSS,

if higher priority level line overlapps lower one, lower one is changed to higher one in the
middle of lower one.

(ORVS2)
VS2 (Display on, middle character) ///////////////
VS1 (Display on, small character) K<<~~~ —S—/S

————— le——— (ORVS1
\l (Display canceled) 1 ¢ )

_________________

Figure 2-75. Occasion of Overlapping (VS1 > VS2)
Then the display line counter counts up only one.
If higher priority level line is filled with space character, under side of lower one is broken off.

Note 1: (ORVSn) means the value of the vertical display start position register VSn7 to VSn0.
Note 2: Ifdisplay lines are overlapped each other a display line is canceled as above. Set a space line

for not overlapping display lines, or set vertical display start position to the out of display
area.

When the display line is also set to the display off by character size (CSn1, 0 =00), overlapped
display line is canceled as above.

The width of the display off line is the same as that of the small character line.

Note 3:

(2) Double scan mode

The OSD circuit has a double scan mode. This enables counting by double steps in the vertical direction
to handle non-interlaced scanning TVs. This mode also enables vertical display position to be set for
the whole screen. Setting the OSD control register VDSMD (bit 4 in ORETC) to “1” sets double scan
mode. after releasing the reset mode, the initial mode is the normal mode.

Double scan mode select register (1bit) ......................... VDSMD (Bit 4 in ORETC)
B O R Normal mode
N Double scan mode
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(3) Charactersizes and display on / off
There are three character sizes : large, middle and small. One character size can be specified for each
line. Display on/ off can also be specified for each line. Character size and display on / off are specified
using OSD control registers C511, CS10---CS81, €580 (ORCS4 and ORCS8).
Character sizes : Large, middle, small
Character size and display on / off specification unit  : Line
Character size select/ display on / off register (2 bits x 8)
Forline1: CS11and CS10 (Bits 1 and 0in ORCS4)
Forline2: (€S21and CS20 (Bits 3 and 2 in ORCS4)

Forline8: (CS81and CS80 (Bits 7 and 6 in ORCS8)

Table 2-10. Character Size and Display On / Off Specifications (n : 1to 8)
csni csSno Character Size Display On / Off
1 1 Small On
1 0 Middle On
0 1 Large On
0 0 — (Note) Off
Table 2-11. Dot and Character Sizes
VDSMD =0, (Normal Mode) VDSMD = 1, (Double Scan Mode)
DOT Size Character Size DOT Size Character Size
FORS =0 Small 2Toscx1THD 16 Toscx 9 THD 2Toscx2THD 16 Tosc X 18 THD
(Normal mode) Middle AToscxX2THD 32Toscx 18 THD 4Tosc x4 THDp 32Toscx 36 THD
Large 8Tosc x4 ThHD 64 Toscx 36 THp 8Tosc X8 THD 64 ToscX72 THD
FORS = 1 Small 1Toscx 1 THD 8Toscx9Thup 1Tosc X2 THD 8Toscx 18 THD
freqézggybr'ﬁode) Middle | 2Toscx2Tup | 16ToscX18Tup | 2Toscx4Tup | 16 Tosc X 36 Thp
Large 4Tosc x4 THD 32Toscx 36 THp 4Tosc X8 THD 32ToscxX72 THD

Tosc : One cycle of OSC oscillation THp : One cycle of HD signal

Note: The display off line operates like the width of a small character size line though the character
is not displayed.
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(4) Character configuration
The area for a character consists of 8 x 13 dots : character display area, underline display area, and
space area. A display character is specified by a character code ; underline display is enabled or
disabled by the underline enable flag. Figure 2-76 shows a display character image.

1:Space area

9 : Character display area

1:Space area

1:Underline area

1:Space area

Figure 2-76. Display Character Image

(5) Smoothing function
The smoothing function removes the jagged edges from displayed characters. When smoothing is
enabled, 1/ 4-size dots are displayed between any two dots connected corner to cor ner within a
character, as shown in Figure 2-77. Smoothing is enabled by setting = 20 ESMZ (ORETC bit 5) in the OSD
control register to “1”.
Smoothing specification unit : Page

Smoothing specification register (1bit) ...................... ... ESMZ (ORETC bit 5)
O No smoothing
S Smoothing enabled

Note: When smoothing small characters, set the command register of the jitter elimination circuit as
follows :
Jitter elimination circuit command register :
HJRM =1 (Jitter elimination mode enabled)
AFLD =1 (Auto field line decision mode)
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(6) Fringing function
The fringing function is used to display a character with a fringe (width is 1 / 2 dot) which has a
different color from that of the character. When a character has dots which are active on the edge of
the 8 x9 character area, the fringe exceeds the boundaries of the character area by 1/2 a dot. This
occurs on the, left, and right of the character area is displayed with the maximum of 8 vertical dots and
9 horizontal dots, the fringe exceeds right and left, of the character display area. If there is an adjacent
character whose outer dot is active, then this dot will overrule the fringe in the horizontal direction.
Underlines are not fringed.
Fringing is enabled for each line by setting EFR1 to EFR8 (at address OF8BR) in the OSD control register
to "1".
A fringe color, which is common to all lines, is specified using OSD control registers, RFDT, GFDT, and
BFDT, (bits 2 to 0 in ORBK). Do not enable both fringing and solid space simultaneously.

Specified Line by line
Fringe color specification unit: Common to all lines
(1 color can be selected in 7 colors.)
Fringing enable register (1 bit x 8)
line 1 EFR1 (Bit 0 in OREFR)
line 2 EFR2 (Bit 1in OREFR)

line 8 EFR8 (Bit 7 in OREFR)
Fringing specification

EFRn(n: 1to 8)

O No fringing

S Fringing enable
Fringe color register (3 bits) : RFDT, GFDT, BFDT (Bits 2 to 0 in ORBK)

Figure 2-77. Smoot Figure 2-78. Fringing Figure 2-79. Priority of smoothing
and fringing
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(7) Background function
The background function is able to display with a background color in the color of 8 x 13 dots areas
except the character. (Except for areas whose character code is blank data)
This function is specified for each display page by setting the OSD control register EBKGD (bit 7 in
ORBK) to “1”.

A background color is specified for each display page by setting the OSD control registers, RBDT, GBDT,
and BBDT (bits 5 to 3 in ORBK) to “1".

Background specification unit : display page (1 color can be selected in 8 colors.)
Background enable register (1 bit) : EBKGD (Bit 7 in ORBK)
0" No background function
............ Background function enable
Background color specification registers (3 bits) :

............................... RBDT, GBDT, BBDT (Bits 5 to 3 in ORBK)

Note: When the background function is used, the blank character (Code 00H) can not be used as the
first character on the fringing line.

(8) Full-raster blanking function
The full-raster blanking function deletes the display of the video signal and is able to color on the
whole screen with the background color. Display page video signal is used to first delete by BL signal.
In case of using the full-raster blanking function, it is necessary to select BL signal, because it is
impossible to remove display page video signal by Y signal.

This function is specified for each display page by setting OSD control register EXBL (bit 6 in ORBK) to
ll1 "-

Color specification : Same as that for background.

Full-raster blanking specified display page by display page.

Full-raster blanking enableregister: ........................... EXBL (Bit 6 in ORBK)
0" No full-raster blanking

............ Full-raster blanking

Full-raster blanking color specification registers (3 bits) :

............................... RBDT, GBDT, BBDT (same as background color)

(9) fosc frequency select

fosc frequency mode select : This function is to select fosc frequency mode. By setting FORS (bit 6 in
ORIV) to “1”, the OSD circuit is operated with clock (2 x fosc)-

fosc frequency mode selectregister (1 bit) ..................... FORS (Bit 6 in ORIV)
0" Normal frequency mode
S Double frequency mode

(10) Character

Characters : 251 (including blank data).

Character specification register (8 bits) .................... CRA7 to CRAOD (Bits 7 to 0 in ORCRA)
"00" ........... Blank data
“01" to “05" .... Can not be used by users
“06" to “FF” .... User programmable by character ROM
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(11) Character color

Character colors : 7
Character color specification unit : character

Character color specification register (3 bits) ............... RDT, GDT, BDT (In the display memory)
Table 2-12. Character Color
RDT GDT BDT Character Color

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

(12) Solid space control
Solid space control is used to display one column of solid space to the left and right of 32 columns.
Solid space control is used to delete the Video signal in the areas where solid spaces are located in the
original display page, then add color to them.

Solid space specification unit : line

Solid space specification register (16 bits)
Forline 1 SOL11 and SOL10 (Bits 1 and 0 in ORSOL4)
Forline 2 SOL21 and SOL20 (Bits 3 and 2 in ORSOL4)

Forline8 SOL81 and SOL80 (Bits 7 and 6 in ORSOLS)
Solid space specification

The solid space control functions as follows :
SOL*1/SOL*0

“00" ... No solid space display

01" L. Solid space display left for 32 columns

10" L. Solid space display right for 32 columns

S I Solid space display left and right for 32 columns

Solid space color specification registers (3 bits)
..................... RBDT, GBDT, BBDT (Bits 5 to 3 in ORBK)
(Same color as that of background)
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(13) Underline function
Underline function is used to add a line under a display character. The underline is same color as that
of character.

Underline specification unit : Character

Underline enable register (1 bit) .............. EUL (Bit 4 in ORDSN)
(This resides in the display memory)
0" . No underline
S Underline

Underline color specification registers (3 bits)
................. RDT, GDT, BDT (Bit 2 to 0 in ORDSN)
(This resides in the display memory, same color as that

of character)
| F 8 1
1
9
Character display area
13
3 _Under line display area m
} ¥
EUL=0 EUL=1
Figure 2-80. Underline
i‘ 32 columns ‘i
gugd ANEENRNERNRNERNRNERNENERERRNEEEE Rus
Solid space Solid space
(Lef) \5_’l|||||||||||||||||||||||||||||||l/2/ (Right)

Figure 2-81. Solid Space
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(14) Blinking function
Blinking function is used to blink any display character.
When BKMF = 1, characters specified to blink by BLF are not displayed. Blinking display is able to be set
BKMF by software. (Space is displayed. That is, 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) (In the display memory)
0" No blinking
S Blinking

Blinking master flag (1 bit) ................ BKMF (Bit 6 in ORETC)
0" Blinking function disable

............ Blinking function enable
(Characters whose BLF is set to “1"are not displayed.)

(15) Slant function
Slant function is used to slant characters for italics.

Slant specification unit : Character

Slant enable register (1 bits) ............... SLNT (Bit 5 in ORDSN) (In the display memory)
S No slant
S Slant

Note: SLANT function is enabled each characters, and therefore, in case of using background
function, this color of the Background is enable as slant. Regarding the extra dots of the left
and / orright character by fringing function, it is not enabled as slant.

Figure 2-82. Slant
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(16) Multiple line display by OSD interrupt
Nine or more lines can be displayed using OSD interrupts. By changing the display start position and
display data after the display of each line has been finished, the additional line is able to appear on
screen.

Interrupt source select register (1 bit) ......... SVD (Bit 7 in ORIRC)
0" . An interrupt request is generated when scanning of a line specified
by the value set in ISDC is finished (Falling edge of HD signal).
............ Aninterrupt request is generated at falling edge of VD signal
Display line counter

4 bit counter used to indicate a line being displayed.

This counter is cleared toato “0000" the falling edge of the VD signal.

The counter is incremented after the scanning of one displayline. (falling edge of the HD signal).

The counter is incremented even when a line with all blank data or a line with display on / off bit off
occurs. (The display line specified as display off by character size register is incremented by the same
width of small character.)

It is necessary to be read out display line counter several time, because it does not synchronize CPU
clock. (There is a possibility which the display line counter’s value changes during reading)

Display line counter register (4 bits) DCTR (Bits 3 to 0 in ORIRC)

"0000" ...l No display line or end of display of line 16

"0001" ... End of display of line 1

“0010" ...l End of display of line 2

"0011" .l End of display of line 3

“0100" ...l End of display of line 4

"0101" . End of display of line 5

"0110" ...l End of display of line 6

01117 L End of display of line 7

“1000" ...l End of display of line 8

"1001" ...l End of display of line 9

"1010" ... End of display of line 10

011" End of display of line 11

"1100" ...l End of display of line 12

101" End of display of line 13

110" End of display of line 14

B I I End of display of line 15

Interrupt generation line specification register (3 bits) ........... ISDC (Bits 6 to 4 in ORIRC)
When the lower 3 bits in DCTR are set as follows :

000" ...l Interrupt request generated when the display line counter is cleared
or at end points of the last scanning line of the 16'th display line.

001" L.l Interrupt request generated at end points of the last scanning line of
the first or 9'th display line.

010" L Interrupt request generated at end points of the last scanning line of
the 2'nd or 10'th display line.

to
T Interrupt request generated at end points of the last scanning line of

the 7'th or 15'th display line.
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(17) P6 port outputselect
P67S to P64S are able to be selected as P67 to P64 port orR/G/B/Y/BL output port.

P6 port output select registers (4 bits) ...... P67S to P64S (Bits 7 to 4 in ORP6S)
S ¢ R, G, B, Y/BLsignal output
............ P6 port input/output

(18) OSD pin output polarity control

Output polarity control
Output polarity control registers (3 bits)
ForBL .......... BLIV (Bit 4 in ORIV)
ForY ........... Y1V (Bit 3 in ORIV)
ForR,G,andB .. RGBIV (Bit2in ORIV)
Output polarity control
**IV
0" Active high
............ Active low

(19) OSD pin input polarity control

Input polarity control
Input polarity control register of RIN/GIN /BIN /Y /BLIN (2 bits)

ForY/BLIN ..... YBLII (Bit 1in ORIV)

ForRIN, GIN,andBIN ........... RGBII (Bit 0 in ORIV)
Input polarity control

**”

0" L. Active high

S Active low
Input polarity control register of HD / VD (2 bits)

ForVD .......... VDPOL (Bit 1in ORPOL)

ForHD ......... HDPOL (Bit 0 in ORPOL)
Input polarity control

**pOL

S ¢ Active low

St Active high

(20) Y/BLsignal select

Selects of either Y or BL signal output from the Y /BL pin
Ysignal ......... Logical OR for R, G, B, character pattern, and fringing
BLsignal ........ EXBL (Bit 6 in ORBK)
When EXBL =0 (no full-raster blanking) :
Outputin all areas where characters can be displayed. (Except for character code 004 : blank data)
When EXBL = 1 (full-raster blanking) :
Output in the whole screen
Y /BLsignal select register (1 bit) ..... YBLCS (Bit 7 in ORETC)
0" Y signal output
............ BL signal output

3-A8700-125



TOSHIBA

TMPA8700CH/CK/CM/CP/CS

(21) R, G, B, Y/BLsignalselect

Selects either R, G, B, and Y / BL signals from the internal OSD circuit, or RIN, GIN, BIN, and Y / BLIN
signals externally input.

R, G, B, Y /BLsignal select registers (2 bits) MPXS1/MPXSO0

(Bits 3 and 2 in ORETC)

"00" ........... Simultaneous output (Signal from the OSD circuit has higher priority.)
01" L Output of signal from internal OSD circuit
10" L Output of signal from externally input

11" Simultaneous output (Externally input signal has higher priority.)

(22) Display memory access
There are two types of access
memory.

The display memory is accessed using the following registers : DMA7 to DMAO, CRA7 to CRAQ, RDT,
GDT, BDT, BLF, EUL, SLNT, MBK, MFYWR, RDWRV.

: write data to the display memory and read data from the display

® Display memory read mode specification register (1 bit)
0" Normal mode

Read-modify-write-mode

® Read /write mode select register at normal mode (MFYWR = 0)
0" Data write mode

Data read mode

® Display memory bank switching register (1 bit)
g

MFYWR (Bit 0 in ORP6S)

RDWRYV (Bit 1 in ORP6S)

MBK (Bit 0 in ORETC)
Access to either character code or character display options

Access to both character code and character display options
Display memory auto increment depends on MBK setting.

Table 2-13. Address Increment

RD WR
Color Data Character Data Color Data Character Data
_ MBK =0 INC INC INC INC
MFYWR=0 | gk =1 — INC — INC
_ MBK =0 — — INC INC
MFYWR=1 1 MK =1 — — — INC
INC Automatic address increment at read or write

— . No address change at data read or write

® Display memory address specification register (8 bits)
DMA?7 to DMAGO (Bits 7 to 0 in ORDMA)

® Display memory data access register
@ Forcharacter code access (8 bits)
@ Forcharacter design access (6 bits)

CRA 7 to CRAD (Bits 7 to 0 in ORCRA)

SLNT, EUL, BLF, RDT, GDT, and BDT
(Bits 5 to 0 in ORDSN)

There are two types of display memory access : normal mode and read-modify-write mode.

Note 1:
Note 2:

Don’t use the operation | LDW (HL), mn | when accessing display memory.
IIt is impossible to use the read-modify-write instructions (Bit manipulation instructions
such as SET, CLR, etc. and logical operation such as AND, OR, etc.)
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1.Normal mode
In normal mode, display memory addresses are automatically incremented for every read or write.
Since addresses are automatically incremented, this mode is used for simultaneously reading data
from multiple consecutive addresses and for simultaneously writing data to multiple consecutive
addresses.

- Display memory read sequence —

@ Set MFYWR to 0. (Setto normal mode.)
EX:LD (ORP6S), 00y

@ SetMBKtoOor1.
EX:LD (ORETC), 004 or01y

@ Set RDWRV to 1. (Set to data read mode.)
EX:LD (ORP6S), 02y

@ Setthe display memory address to DMA7 to DMAO.
EX:LD (ORDMA),n

® Read data from CRA7 to CRAO, SLNT, EUL, BLF, BDT, GDT, and RDT.
(DMA7 to DMADO are automatically incremented.)
EX:LD A, (ORDSN) or (ORCRA)

® For continuous read, repeat @ and ®.
(For data read from continuous addresses, repeat ®.)

— Display memory write sequence —

@® Same as above.
EX:LD (ORP6S), 004

@ Same as above.
EX:LD (ORETC), 004 or 01y

@ SetRDWRV to 0. (Set to data write mode.)
EX:LD (ORP6S), 004

@ Same as above.
EX:LD (ORDMA),n

® Write data to CRA7 to CRAO, SLNT, EUL, BLF, BDT, GDT, and RDT.
(DMA7 to DMADO are automatically incremented.)
EX:LD A, (ORDSN) or{(ORCRA), n

® Same as above.
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2.Read-modify-write mode
In read-modify-write mode, display memory addresses are automatically incremented during a
write ; not incremented during a read. Thus, immediately after data is read from a display
memory address, data can be written to the same address. After a write, the display memory
address is automatically incremented.

— Read-modify-write sequence -

@ Set MFYWR to 1.
EX:LD (ORP6S),01H

@ SetMBKtoOor1.
EX:LD (ORETC), 00y or 01y

@ Set display memory address to DMA7 to DMAO.
EX:LD (ORDMA), n

@ Read data from CRA7 to CRAOD, SLNT, EUL, BLF, BDT, GDT, and RDT. (DMA7 to DMAO are not
incremented.)
EX:LD A, (ORDEC) or (ORCRA)

® Write data to CRA7 to CRAO, SLNT, EUL, BLF, BDT, GDT, and RDT. (DMA7 to DMAO are
automatically incremented.)
EX:LD (ORDEC)or (ORCRA), n

® For continuous read-modify-write, repeat @, @, and ®.
(For read-modify-write at consecutive addresses, repeat @ and ®.

Note: In read-modify-write mode, reading only or writeing only can be executed.

(23) Display on/ off
Function used to display a line specified for on / off display.
Display on / off specified page by page

Display on / off specification register (1 bit) ... DON (Bit0in ORDON)
0" Disable display
............ Enable display

Note: Don’t start STOP mode during display enable. When starting STOP mode, it is necessary that
DON is specified as display off. If starting STOP mode during display, the contents of the
display memory might be broken.
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(24) Window
Function used to set upper and lower limit of page. Window upper limit is specified by WVSH7 to
WVSHO. Window lower limit is specified by WVSL7 to WVSLO. This function is enabled by setting
EWDW (Bit 1in ORDON) to “1”.

® Window upper limit specification register (8bit) ............. WVSH7 to WVSHO (QRWVSH)
®* Window lower limit specification register (8bit) ............. WVSL7 to WVSLO (QRWVSL)

Window upper and lower limit position
When VDSMD =0 (normal mode) :
WVSH = (WVSH7 to WVSHO) X 1 THD
WVSL = (WVSL7 to WVSLO) 4 x 1 Thp
When VDSMD = 1 (double scan mode) :
WVSH = (WVSH7 to WVSHO) 4 X 2 THD
WVSL = (WVSL7 to WVSLO) 4% 2 Tp
THD : One cycle of HD signal

Note: Modify value of window limit registers, at the timing from the end position of display all line to
the start position of first display line, or the timing until the position of window upper limit.

® Window enableflag(1bit) .......... .. ... ... ....... EWDW (Bit 1in ORDON)
0" . Disable window function
............ Enable window function

WVSH -=»r—-—- 7/
% F— Only this area is displayed.
WVSL -— ===~
A\
~
For 34 characters
(Including SOLID space)

WVSL>WVSH | Setting condition

TV screen

...... Do ......... ............... SS .....................

WVSH

«
N

Figure 2-83. Window
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<Usage example >

The following can be displayed by combining the window and full-raster blanking functions.

Table 2-14. Window / Full-Raster Blanking

EXBL EWDW Internal OSD BL Output
Vertical direction : Character area is only displayed.
0 0 Horizontal direction : Character area is only displayed.
Horizontal direction : Character area is only displayed.
0 1 Vertical direction : Window area is displayed.
Horizontal direction : Character areais only displayed.
1 0 Vertical direction : Whole page is displayed.

Horizontal direction

: Whole page is displayed.

Vertical direction
Horizontal direction

: Window area is displayed.
: Window area is only displayed.

TV screenimage

(EXBL=1,EWDW =1)

TV screen image
(EXBL=1, EWDW =0)

Figure 2-84. TV Screen Image Using Window Function
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(25) OSD interrupt control
Interrupt latch of the both OSD interrupt and SLICER interrupt is the same. OSD and SLCR of ORIRC
register are interrupt enable registers and interrupt source detection register. When OSD interrupt is
enabled, set the OSD of the OSD interrupt enable register (bit 3 in ORIRC) to “1”, and when SLICER
interrupt is enabled, set the SLCR of the SLICER interrupt enable register (bit 2 in ORIRC) to “1”. OSD
and SLICER interrupts can be enabled at the same time.

OSD interrupt enable register OSD (Bit 3 in ORIRC)

0T OSD interrupt is disabled
............ OSD interrupt is enabled
SLICER interrupt enable register SLCR (Bit 2 in ORIRC)

S SLICER interrupt is disabled

S SLICER interrupt is enabled

When OSD and SLICER are enabled at the same time, the interrupt source can be detected by OSD (bit 5
in ORIRC) and SLCR (bit 4 in ORIRC) of the interrupt source monitor register whether it is OSD interrupt
oritis SLICER interrupt.

These OSD and SLCR bits of the interrupt source monitor register are cleared by executing the read
instruction for this register.

Note: OSD and SLCR bits of the interrupt enable register is different from those of the interrupt
source monitor register.

(26) OSD control register write / read
The addresses of the OSD control registers are assigned to the DBR register.
For writing data to or reading data from the OSD control registers, access the DBR register in the
normal way.
If RGWR register is set to “1” the written data is transferred to the OSD circuit and become valid.
However, while the display line is being scanned, the data written after the line is scanned is
transferred to the OSD circuit and becomes valid.
The registers for writing data to display memory become valid, when its data is written. (DMA7 to
DMAQO, CRA7 to CRAO, RDT, GDT, BDT, BLF, EUL, SLNT, YBLCS, BKMF, ESMZ, VDSMD, MPX, MBK, P67S to
P64S, RDWRV, MFYWR, VDPOL and HDPOL)

Written data transferregister (1bit) ....................... RGWR (Bit 2 in ORDON)
S ¢ Initialized state
............ Transfers written data to OSD circuit.
(After transfer, RGWR is reset to 0.)

Note: Don’t write “0” to RGWR.
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<RGWR timing >

1)

RGWR system

| OSD circuit |

Q LE —— Transfer pulse by RGWR = 1

| Register specified by RGWR |

Figure 2-85. RGWR System

2) Transfer timing

@ Nodisplay area (including any lines specified as display off by character size)
When having set RGWR to “1” during no display area, the timing OSD register can be
transferred is at the falling edge of HD signal.

When setting RGWR to “1” during
this period

JAN

Register transfer pulse :

RGWR

-———x--

5
— -y__
— L

Flag I

Register transfer

Figure 2-86. Data Transfer Timing in No Display Area

@ Display area
When having set RGWR to “1” during display area, the timing OSD register can be
transferred is at the falling edge of HD signal when the display line has been finished.

® . H L .

! % |
Display line H I | '

H When setting RGWR to “1” during this period H
RGWR

— '
Register transfer pulse ! I I-l

= I

3)

Figure 2-87. Data Tranfer Timing in Display Area

Flag

RGWR flag is set to “1” during the period from the timing having sett RGWR to “1" to the timing
register transfer pulse is generated.

When RGWR flag becomes “0”, the data of OSD register can be available. Aftersetting RGWR to
“1", it is possible to write OSD registers even RGWR flag is “1".
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(27) OSD control registers

ORHS1
(0027,

ORVS1
(0028,

ORVS2
(0029,)
ORVS3
(002A,,)
ORVS4
(002B,,)
ORVS5
(002C,,)
ORVS6
(002D,
ORVS7
(002E,)

ORVS8
(002F,)

ORCS4
(0F89,,)

ORCS8
(OF8A,)

OREFR
(OF8B,)

ORSOL4
(OF8C,)

ORSOL8
(OF8D,,)

7.6 5 4 3 2 1 0
0" HS16 : HS15 : HS14 : HS13 : HS12 HS11 HS10 | (Initial value: *000 0000)
. . . Write
| HS16to 10 |Hor|zonta|d|splaystartposmon only |
7 6 5 4 3 2 1 0
| VS17 : VS16 : VS15 © VS14 § VS13 I VS12 : VS11 : VS10 | (Initial value : 0000 0000)
| VS27  VS26 : VS25 : VS24 I VS23 ! VS22 I VS21 : VS20 | (Initial value : 0000 0000)
| VS37 © VS36 : VS35 : VS34 : VS33 ! VS32 : VS31 I VS30 | (Initial value : 0000 0000)
| VSA7 1 VS46 : VSA5 1 VS44 ! VSA3 1 VSA2 : VS41 : VS40 | (Initial value : 0000 0000)
 vss7 i vsse i vsss i vssa i vss3 i vss2 ivssi i vsso | (nitialvalue: 00000000)
| VS67 : VSB6 : VSB5 : VS64 i VS63 i VS62 : VS6T : VS60 | (Initial value : 0000 0000)
| VS77 1 VS76 : VS75 1 VS74 ! VS73 I VS72 i VS71 : VS70 | (Initial value : 0000 0000)
| VS87 : VS86 : VS85 : VS84 I VS83 : VS82 i VS81 : VS80 | (Initial value : 0000 0000)
. . ", . Write
| VSn8to 0 |Vert|cald|splaystart position for line n only |
(n=1to08)
7 6 5 4 3 2 1 0
| csa | cs3 | cs2 | cst | (Initial value : 0000 0000)
| css | cs7 | cs6 | css | nitial value : 0000 0000)
00 : Display off )
csn Character size and display on / off | 91 : Large size Write
forlinen 10 : Middle size only
11 : Small size
(n=1t08)
7 6 5 4 3 2 1 0
| EFR8 | EFR7 I EFR6 | EFR5 | EFR4 I EFR3 | EFR2 | EFR1 | (Initial value : 0000 0000)
inai : 0 : Disable fringing Write
EFR F le forl
n ringing enable for line n 1: Enable fringing only
(n=1to08)
7 6 5 4 3 2 1 0
| soL4 | soL3 | soL2 | soL1 | (initial value : 0000 0000)
| soLs | soL7 | SOL6 | SOLS | (initial value : 0000 0000)
00 : No solid space display Wi
: ; 01: Solid space display left for 32 columns rite
L I le for |
SOtn Solid space enable for line n 10 : Solid space display right for 32 columns only
11: Solid space display left and right for 32 columns
(n=1to08)

Figure 2-88-1. OSD Control Registers (1)
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7 6 5 4 3 2 1 0
ORBK IEBKGDl EXBL | RBDT I GBDT | BBDT | RFDT I GFDT | BFDT | (Initial value : 0000 0000)
(OF8EL,)
0 : No background function
EBKGD Background function enable g A
1: Background function enable
: No Full- lanki
EXBL | Full-raster blanking enable 0 No Full-raster blanking
1: Full-raster blanking
000 : Black
001 : Blue
010 : Green
RBDT/ 011:Cyan
BDT/ Back: d col lect )
GBBDT ackground color selec 100 : Red .
101: Magenta Write
110 : Yellow only
111 : White
000 : Black
001 : Blue
REDT/ 010 : Green
GEDT/ | Fringing color select 011: Cyan
r
ringing color selec 100 : Red
BFDT
101 : Magenta
110 : Yellow
111 : White
7 6 5 4 3 2 0
oReTC [ vsies [ exwir | Esmz [vosmo|  wexs [ Bk | (nitial value :  00000000)
(OF8Fy) 1

0: Y signal output

YBLCS Y /BL signal select :
1: BLsignal output

0: Disable blinking

BKMF Blinking master flag 1: Enable blinking

0 : Disable smoothing

ESMZ Smoothing enable .
1: Enable smoothing

VDSMD Double scan mode select 0:Normalmode
u a i
1: Double scan mode Write

only
00 : Simultaneous output (Signal from the OSD circuit has higher

priority.)
01: Output of signal from internal OSD circuit

MPXS R. G, B, Y /BLsignal select ) ;
9 10 : Output of signal from externally input
11: Simultaneous output (Externally input signal has higher
priority.)
X e 0 : Access to either character code or character display options
MBK Display memory bank switching

1: Access to both character code and character display options

Figure 2-88-2. OSD Control Registers (II)
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ORIRC
(0F90,,)

ORIRC
(OF90,)

7

3 2

[ svo |

| osD | SLCR | (initial value : 0000 00+)

SVD

Interrupt source select

0 : Interrupt request by the value of ISDC
1: Interrupt request by the falling edge of VD signal

ISDC

When the lower 3bit in DCTR are set as follows :

DCTR s “*000".

DCTRis "*001".

DCTRis “*010".

DCTRis "*100".

DCTRis “*101".

DCTRis “*110".

DCTRis "*111".

000 : Interrupt request generated at display end when SVD is “0” and
001 : Interrupt request generated at display end when SVD is “0” and
010 : Interrupt request generated at display end when SVD is “0” and
011: Interrupt request generated at display end when SVD is “0” and
Interrupt generation line select DCTRis “%011".
100 : Interrupt request generated at display end when SVD is “0” and
101 : Interrupt request generated at display end when SVD is “0” and

110: Interrupt request generated at display end when SVD is “0” and

111: Interrupt request generated at display end when SVD is “0” and

OSD interrupt enable select

0: Disable OSD interrupt
: Enable OSD interrupt

N

SLICER interrupt enable select

0 : Disable SLICER interrupt
1: Enable SLICER interrupt

Write
only

OSD interrupt monitor

0: OSD interrupt no generated
1:0OSD interrupt generated

SLCR

SLICER interupt monitor

0 : SLICER interrupt not generated
1: SLICER interrupt generated

DCTR

Display line counter

0000 : No display line or end of display of line 16
0001 : End of display of line 1
0010 : End of display of line 2
0011 : End of display of line 3
0100 : End of display of line 4
0101 : End of display of line5
0110 : End of display of line 6
0111 : End of display of line 7
1000 : End of display of line 8
1001 : End of display of line 9
1010 : End of display of line 10
1011 : End of display of line 11
1100 : End of display of line 12
1101 : End of display of line 13
1110 : End of display of line 14
1111 : End of display of line 15

Read
only

Figure 2-88-3. OSD Control Registers (III)
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ORP6S
(0F91,)

ORIV
(0F92,)

ORDMA
(001D,

ORDEC
(001E,)

7 6 5 4 1 0
P67S P66S P65S P64s RDWRV |MFYWR (Initial value 0000 **00)
0:R,G,B,Y/BLsignal output
P67S to P64S | P6 port output select
1: Port contents output
RDWRV Read / write mode select at normal | 0 : Data write mode Write
mode 1: Data read mode only
MFYWR Display memory read mode 0: Normal mode
play ¥ 1: Read-modify-write-mode
L6 5.4 3 2 ! 0
i wo" | Fors | 1 [ Buv | viv [rasiv | veun | reei | Gnitialvalue: 00000000)
FORS foo frequency select 0 : Normal frequency mode
T
oscirequency 1: Double frequency mode
BLIV BL output polarit lect 0: Active high
output potartty selec 1: Active low
YIV Y output polarity select 0: Active high
utpu ari .
putp y 1: Active low Write
RGBIV R, G, B output polarit lect 0: Active high only
+ G, B output polarity sele 1: Active low
. . 0 : Active high
YBLII Y /BLIN input polarity select )
1: Active low
RGBII RIN, GIN, BIN input polarity select 0 : Active high
P . I rn .
putpolarity 1: Active low
7 6 5 4 3 2 1 0
| DMA?7 : DMAG6 : DMAS : DMAA4 : DMA3 : DMA2 : DMA1 : DMAO |  (Initial value : 0000 0000)
| DMA7 to 0 | Display memory address | V(\)/rrllltye |
5 4 3 2 1 0
: I SLNT | EUL | BLF I RDT | GDT | BDT | (Initial value :  *%#% %xx%)
0 : Disable slant
SLNT Slant enable
1: Enable slant
. 0 : Disable underline
EUL Underline enable .
1: Enable underline
0 : Disable blinking
BLF Blinkin |
Inking enable 1: Enable blinking
R/W
001 : Blue
010 : Green
RDT/ 011: Cyan
GDT/ Character color select 100 : Red
BDT 101 : Magenta
110 : Yellow
111 : White

Figure 2-88-4. OSD Control Registers (IV)
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7

6 5 4 3 2 1 0

Note 2 :

Note 3 :
Note 4 :
Note 5 :

Note 6 :
Note 7 :

%EFF{A) [ cra7 : crA6 | CRAS { CRA4 | CRA3 | CRA2 i CRAT i CRap | (nitialvalue: xxxxxxss)
H
| CRA7to 0 |Charactercode | R/W |
7 6 5 4 3 2 1 0
ORDON  rioepesertssoprnes B s N .
0969 oo [ ROWR [EWOW] DON | nitialvalue: - x+x +000)
0: (Initial state)
RGWR Written data transfer control 1: Transfers written data to OSD circuit.
(After transfer, RGWR is reset t0 0.)
; 0 : Disable window function R/W
EWDW Window enable . .
1: Enabler window function
. 0 : Disable display
DON Display on/ off select
splay on 1: Enable display
7 6 5 4 3 2 1 0
gi‘é‘;"?H [WVSH7 | WVSH6: WVSHS WVSHA  WVSH3:WVSH2 IWVSH1 EWVSHO | (Initial value : 0000 0000)
H
| V;’,ng |Windowupperlimitposition | Vgr:il‘;e |
7 6 5 4 3 2 1 0
gi\;‘g’?L [WvsL7 i wvsLe i wysLs i wvsLa i WsL3 i WVSL2 1 WVSLT iWVSLO | (initial value : 0000 0000)
H
| \;VX)S(I). |Windowlowerlimitposition | Vgr:il‘;e |
1 0
ORPOL S .
(OF9C,y) (Initial value :  *#%% %x00)
VDPOL VD input polarity select 0: Active low
In
put pofartty 1: Active high
- R/W
hDPOL hD input polarity select 0: Active low
I
put polarfty 1: Active high
Note 1 :* : don’t care

All OSD control registers cannot use the read-modify-write instructions. (Bit manipulation instructions such as SET, CLR, etc.
and logical operation such as AND, OR, etc.)

Always write “0” to bit 1 of ORETC when writing to ORETC.

Always write “1” to bit 3 of ORDO when writing to ORDON.

The registers of ORHS1, ORVST to ORVSS8, ORCS4, ORCS8, OREFR, ORSOL4, ORSOL8, ORBK, ORIRC, ORIV, ORWVSH, and ORWVSL
are changed by RGWR. Bits 2 to 1in ORDON are also changed by RGWR.

Always write “0” to bit 7 of ORIV and “1” to bit 5 when writing to ORIV.

Don’t write “01” to “05” to ORCRA.

Figure 2-88-5. OSD Control Registers (V')
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(28) OSD comand register list

address 7 6 5 4 3 2 1 0

Horizontal display start position

0027 HS16 HS15 HS14 HS13 HS12 HS11 HS10
Vertical display start position for line 1

70028 VS17 VS16 VS15 VS14 VS13 VS12 VS11 VS10

Vertical display start position for line 2

70029 VS27 VS26 VS25 VS24 VS23 VS22 VS21 VS20
Vertical display start position for line 3

7 002A VS37 VS36 VS35 VS34 VS33 VS32 VS31 VS30
Vertical display start position for line 4

¥7002B VS47 VS46 VS45 VS44 VS43 VS42 VS41 VsS40
Vertical display start position for line 5

% 002C VS57 VS56 VS55 VS54 VS53 VS52 VS51 VS50
Vertical display start position for line 6

002D VS67 VS66 VS65 VS64 VS63 VS62 VS61 VS60
Vertical display start position for line 7

¢ 002E VS77 VS76 VS75 VS74 VS73 VS72 VS71 VS70
Vertical display start position for line 8

¢ 002F VS87 VS86 VsS85 VS84 VSs83 VS82 VS81 VS80
Character size and display on/ off forline 1/2/3/4

Y OF89 CS41 Cs40 Cs31 Cs30 Cs21 Cs20 CS11 cs10
Character size and display on/ off forline5/6/7/8

Y7 OF8A CS81 CS80 CS71 CS70 CS61 CS60 CS51 CS50
Fringing enable

Y¢OFSB EFR8 EFR7 EFR6 EFR5 EFR4 EFR3 EFR2 EFR1
Solid space enable forline 1/2/3/4

Y OF8C SOL41 SOL40 SOL31 SOL30 SOL21 SOL20 SOL11 soL10
Solid space enable forline5/6/7/8

Y7 OF8D SOL81 SOL80 SOL71 SOL70 SOL61 SOL60 SOL51 SOL50
Background function enable, full-raster blanking enable, background color select, fringing
color select

Y¢OFSE EBKGD EXBL RBDT GBDT BBDT RFDT GFDT BFDT

Y / BL signal select, blinking master flag, smoothing enable, double scan mode select, R, G,
B, Y /BLsignal select, display memory bank switching

OF8F YBLCS BKMF ESMZ VDSMD  MPXS1 MPXS0 “0" MBK
OSD interrupt control, display line counter
Y 0F90 SVD ISDC2 ISDC1 ISDCO osD SLCR
|osD] IsLcR|] |[DCTR3| [DCTR2| [DCTR1| [DCTRO]
P6 port output select, read / write mode select, display memory read mode
0F91 P67S P66S P65S P64S RDWRV MFYWR

fosc frequency select, OSD output polarity select, OSD input polarity select
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Y¢ OF92 “Q" FORS “1" BLIV YIV RGBIV YBLII RGBII
Display memory address

001D DMA7 DMAG6 DMAS5 DMA4 DMA3 DMA2 DMA1 DMAO
ficati .

Display memory character m
001E*
Display memory character data read / write

001F*
Written data transfer control, window enable, display on / off select

Y v¢ OF96 i
Window upper limit position
Yt OF97 WVSH7 WVSH6 WVSH5 WVSH4 WVSH3 WVSH2 WVSH1 WVSHO
Window lower limit position
Y¢ OF98 WVSL7 WVSL6  WVSL5S WVSL4  WVSL3 WVSL2 WVSL1 WVSLO
OSD input polarity select
0F9C
[ ]Readonly. R/W, the other ; write only

Note: Y :These OSD registers are changed by RGWR.
Y :Only lower 2bits are changed by RGWR. (The register in address OF96H must not be used
with any of the read-modify-write instructions such as SET, CLR, etc.)
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2.13  lJitter Elimination Circuit
The A8700CH / CK / CM / CP / CS has a built-in jitter elimination circuit which maintains the vertical
stability of the OSD even when input of the vertical syncsignal fluctuates.
Using the hardware jitter elimination mode enables smoothing for lower-case characters on the OSD
without field decision information from the slicer chip.

2.13.1 Configuration

VDDLYR

Field decision 1 Field decision

circuit signal

HD/VD :D Delay value > Internal VD signal VD
— . .
Edge detect circuit setting circuit output control circuit (To OSD circuit)

VD signal delay value

measuring circuit

T

fe—=8 Y

fer2 —=1A S

SJIRMCK AFLD HJRM

JRMCR

Jitter elimination control register

Figure 2-89. litter Elimination Circuit
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2.13.2 Control
Jitter removal is controlled by the jitter removal control register (JRMCR).

Jitter elimination control register

3 2 1 0

o

: Automatic field decision disabled

AFLD Automatic field decision
: Automatic field decision enabled

: Jitter elimination disabled Write

HJRM [ Jitter elimination mode . Lo
: Jitter elimination enabled only

- O

SIRMCK 0 : Source clock : 2/fc 8 MHz mode
1

: Source clock : 1/fc 4 MHz mode

Note 1: Clears the AFLD to zero to in other than jitter elimination mode.

Note 2 : Always write "0” to bit 1 of JECR.

Note 3: When using jitter elimination circuit, SIMCK mast be set, using the CPU clock of 4MHz or 8 MHz. Otherwise, misoperaton may result.
Note 4: In a non-interlace TV, the jitter elemination circuit must be disabled (if not disabled, OSD display is disarranged.)

Note5: = :don‘tcare

Jitter elemination status register
7 6 5 4 3 2 1 0

JRMSR  [—— e PSS e S S B .
(OFACY) FDSF : : : : : : T (Initial value: Oxxx xxxx)

0: A position of a scanning line exists in the field which has a second
display dot of character on an interlace TV screen. Read
1: A position of a scanning line exists in the field which has a first only
display dot of character on an interlace TV screen.

FDSF Field deetect status flag

Note 1 : FDSF is different form the 1st and the 2nfd filed. It is a uique filed decided for OSD display.
Note 2 : =*:don’tcare

Figure 2-90 lJitter Elimination Control Register and Auto Field Line Reading Register

2.13.3 litter Elimination Mode
The hardware jitter elimination mode is to identify the phase of the falling edges of the external VD
signal and HD signal. When VD signal is falling within HD signal falling +/- 1/4HD, the jitter is
automatically eliminated and internal VD signal is set to the stable location.
When the jitter elimination control register HIRM (2nd bit at OFABH address) is set to 1, the mode is
turned to the jitter elimination mode. When the jitter elimination mode is used, CPU clock has to be used
at 8 MHz or 4 MHz. SIRMCK is set to 0 at 8 MHz and SJIRMCK is setto 1 at 4 MHz.

2.13.4 Auto Field Line Decision
The internal vertical and horizontal sync signals corrected by the jitter elimination circuit generate the
field line decision signals used in the OSD.
The smoothing of small characters of the OSD is achieved using the field line decision signals.
To enable smoothing of small characters, select jitter elimination mode and set ALFD (OFABH, bit 3) to
1.
By reading the field line decision signal, the roll-up function for closed captions can be effected more
smoothly. The roll-up function is achieved by changing the display position each frame. In order to make
the roll-up display smoother, the field line decision signal is monitored, and the display position changed
at the end of the previous field or at the start of the next field.
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2.14 Data Slicer
The A8700CH / CK / CM / CP / CS contains the data slicer to decode the caption data multiplied during
vertical flyback time of the composite video signal.
The composite video signal is input to the data slicer circuit through P32 (V|n1) and P33 (Ving). The
caption data is decoded from the video signal. The syncsignal inputs negative composite video signal to
Vino and Vi1 pins. This can comply with the copy guard signal and special signals and receive accurately
the caption data under the condition of a weak electrical field or a ghost.

2.14.1 Configuration

* A0
Al Z
S Slicer mode setting register 1
SIF status read register 2
(OFAOy) .
SYNCINV 05D l—FD
C.Syncexternal input mode | SIFSMS1/SIFSTR circuit «—VD
{'“““_‘“": EXSYNC
I CSyncsignal |
! | ! Synchronous separator VDR
b 4 g -
H\OXE.'\” : Sync-chip clamp s
! circuit
1 Htiming circuit [—= Vtimingcircuit
| — U
H —I_’ le—]
Composite H
. R a LINE21
video Interrupt
signal D 1 ______________ - generation circuit
Vin ! Clamping pulse
ol Pedestal clamping
. = circuit
I 1
H Slice level control Sampling clock
1 circuit generation circuit Interrupt
I — f
[ O R R I control register
(0F90y,)
Data separator
LLLTETLT sese
— (OF9A,)
Slicer interface e
| D /A converter | | D/A converter circuit
DACLCR sivick | | sikor1 | | sipoR2 |
(OFA6,) (OFA2,) (OF98,) (0F99,))
Sync-chip slice level Slice level Data register 1 Data register 2
setting register control register

Figure 2-91. Data Slicer
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2.14.2 Functions

(1) Videosignal input
A low pass filter, a voltage amplifier and a condenser of about 0.1«F are connected between the video
signal and the video signal input pin of V|y1 and V|ng pins, that is shown as Figure 2-93 (a). The low
pass filter functions to reduce noise and color burst from the video signal, passes the amplifier and
inputs the video signal to both V|y1 and Vg pins.

(2) Synchronous separator
This circuit is to separate the synchronous signal from the video signal. When DACL7 to 0 of DACLCR
are set for the synchronous separation, the syncslice level is capable of setting. DACL7 to 4 set the slice
level at the rising edge of the sync signal clamped data, and DACL3 to 0 set the slice level at the falling
edge of the sync-chip clamped data. (Refer to section 2.14.5)

(3) Dataseparator
The data separator replaces the caption data piled on the video signal with the digital signal.
When SLVL5 to 0 of SLVLCR are set to get the digital signal, the Initial value : of the caption data slice
level is capable of setting. (Refer to section 2.14.5)

(4) Sync-chip clamp circuit
The sync-chip level is clamped to the specified value.

(5) Pedestal clamp circuit
The video signal is set to the specified voltage with the clamp pulse generated from the H/ V timing
part, which is called as a pedestal clamp.

(6) D/A converter
This converter gets the D/ A changed slice level of the clamp circuit to the comparator.

(7) Comparator
This comparator replaces the composite video signal with the digital value while inputting to the
comparator.

(8) H timing circuit
This circuit detects the horizontal synchronous signal from C.Sync signal separated synchornously from
the video signal, and generates the clamp pulse to clamp the video signal and provides it to the
pedestal clamp circuit. In addition, the circuit detects the change of H frequency and provides the data
to the sampling clock generation part.

(9) Vtiming circuit
This circuit detects the horizontal synchronous signal from C.Sync signal separated synchornously from
the video signal, and provides line 21 detection signal to take out caption signal to the slice level
control part.

(10) Slice level control circuit
This circuit detects CRI (clock run in) signal from VIDEO signal with line 21 detection signal generated at
H /V timing part after slicing, and controls to the most suitable slice level and takes out the caption
data.
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(11) Sampling clock generation circuit
This circuit generates the sampling clock which is phase-locked to CRI signal with CRI signal detected at
the slice level control part. In addition, the circuit revises the location where the sampling clock
generates with H frequency variable data generated at H timing generation part.

(12) Slicerinterface circuit
This is a 16 bit serial interface to receive the serial data.

(13) Interrupt generation circuit
Interrupts are generated by a rise in the caption line detection signal.

Video igral U'NMM'I-I_I_I
LI Caption line LI LI

1

1
o
17.7 usi
I

1

1

1

Caption line detection signal (LINE21)

95 us

Interrupt generation I_I

Figure 2-92. Interrupt Generation Timing

See the description of the on-screen display circuit interrupt vectors for details of interrupt vectors.

(14) C.Syncexternal input mode
The external C.Syncsignal can be used internally by setting EXSYNC (SIFSMS1 bit 5) to “1”.
As shown in Figure 2-93 (b), insert a low-pass filter (fr =503 kHz), voltage amplifier (x2 voltage
amplification), and a capacitor of approximately 0.1 «F between the video signal and the video signal
input pin V|y1 and input an external C.Syncsignal to Viyo.
The polarity of the C.Syncsignal is selected by SYNCINV (SIFSMS1 bit 6). (Internally used as C.Sync.)

CSIN (P32) SYNCINV
CSync(—u) “0"
CSync(IL—TL) "
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2.14.3 Video Signal Connection

AB8700CH /CK/CM/CP/CS
Outer circuit
S
: 0.1 uF !}
Composite 1 i} + <) P32 (ViNT)
videosignal | (2Vp-p) i
(1vp-p) | Low pass filter Amplifier H
1 1
1 1
: ——C) P33 (vinD)
1 0.1 uF :
1
L o e e e e a
(a) Internal syncseparation mode
A8700CH /CK/CM/CP/CS
Outer circuit
il
1 1
1 1
: e
ExtCSync 1 O () P32(CSIN)
signal | 1
(5Vp-p) | H
| 0.1 4F |
Composite | I— <) P33 (Ving)
video signal : (2 Vp-p) :
(1Vp-p) : Low pass filter Amplifier !
L e e 4
(b) C.syncexternal input mode

Figure 2-93. Video Signal Connection

2.14.4 Control

Slicer Interrupt control (Write Only)

7 6 5 4 3 2
ORIRC B )
(0ro0,) [ svo) | L (1DO) | | 05D | sier | { (Initial value: 0000 00%+)
Bit name | Function Bit definition
SLCR 0 : Slicer interrupt disable Write
1 : Select the slicer as an interrupt factor only
Slicer Interrupt control (Read Only)
7 6 5 4 3 2 1 0
ORIRC i
(OF90)  feoeeeeeiiieeee, | (OsD) | SLCR | 1 (DCITR)
Bit name | Function Bit definition
) . Read
SLCR Interrupt request monitor from slicer 1: Interrupt request only

Note: OSD/SLCR bits are set to “1” with interrupt request and it is cleared to “0” when the flag is read.

Figure 2-94-1. Data Slicer Control (1)
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SIF data register 1 (Caption data 1st byte read register) (Read Only)

7 6 5 4 3 2 1 0
SIFDR1 D1ST7 : D1ST6 : D1ST5 : D1ST4 : D1ST3 : D1ST2 i D1ST1 : D1STO
(0F98H) . - . . - . .
Bitname | Function Bit definition
DIST7-0 | Caption data 1st byte read register Rer
only
SIF data register 2 (Caption data 2nd byte read register) (Read Only)
7 6 5 4 3 2 1 0
?([)FF[;;Z) D2ND7: D2ND6 : D2ND5 : D2ND4 | D2ND3 : D2ND2 i D2ND1 : D2NDO
H:
Bit name | Function Bit definition
R
D2ND7-0 | Caption data 2nd byte read register :Td
nly
SIF status register (Read Only)
7 6 5 4 3 2 1 0
SIFSR H H :
(OF9A,) | STCRI | CRIN3 : CRIN2 : CRIN1T : CRINO |STFLD | STSB | STDE |
Bit name | Function Bit definition
1:Clock i i
STCRI Clock run in detection 0 ;;);O::(n mnd,:tjec:z:,cn
H runi |
CRIN CRI number -1 Actual CRI number-1
1:2nd fiel
STFLD [ Field identification 0: 1:tdfi§dd Read
i only
1:F ion of i il fall in /VC
STSB | Start bit identification flag o or;: ‘f:::'on of star bit until fall in /VD
H rt
STDE | 16 bit data receive end identification flag :) ; g;: i"::: 16 bit data reception until fall in/VD
H rt
Figure 2-94-2. Data Slicer Control (II)
Slicer mode setting register 1 (Write Only)
6 5 4 3 2 1 0
SIFSMS1 YNC " ]
(OFAOL,) NV |EXSYNC|_““1 ..... | CLINE3 |CLINE2 |CLINE1 |CLINEO | (Initial value: 0001 1011)
Bitname | Function Bit definition
0 : Noinversion
SYNCINV | Syncsignal inputi i
ynesignatinput inversion 1: Inversion of C.Sync external input signal
= | i
EXSYNC Syncsignal selection (1) Enieerr:]a lscyr;c:iP:Fr)a:on
: External C.Syncinpu
0000 : 10 line
0001: 11 line
0010: 12line
0011:13line
0100: 14 line )
0101: 15 line Write
0110: 16line only
0111: 17 line
CLINE Setting lines piled on caption data 1000 : 18I:Ee
1001 :19line
1010: 20 line
1011: 21 line
1100: 22 line
1101: 23 line
1110: 24 line
1111: 25 line

Note: Always write “0” to bit 7 of SIFSMST and “1” to bit 4 when writing to SIFSMST.

Figure 2-94-3. Data Slicer Control (III)
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SIF status read register 2
5 4 3 2 1 0
|GOODV| FLINE4 : FLINE3 : FLINE2 : FLINE1 : FLINEO

SIFS1R
(0FAO,)

Bitname | Function Bit definition

0 : Out of synchronization (One or more)
1:Vtiming synchronizing

00000:0 263.5
00001 : 1 264.5
00010:2
00011:3
00100: 4
00101:5
6
7
8
9

GOODV | Monitor signal of synchronization

00110:
00111:
01000 :
01001 :
01010:10
01011: 11
01100:12
01101:13
01110:14 Read
01111:15 278.5 only
10000 : V synchronizing adjustment
10001 : =15 248.5

10010:-14

10011:-13

10100:-12

10101 :-11

10110:-10

10111:-9

11000: -8

11001 : -7

11010:-6

11011:-5

11100 :-4

11101:-3

11110:-2 261.5

11111 :-1 262.5

Field scanning line
FLINE (Standard 262.5= - 1)
Two's complement

Figure 2-94-4. Data Slicer Control (IV)

The explanation of the monitor signals (GOODV, FLINE) are as follows.

@ GOODV 0: Dataslicer can not synchronize video signal.
1: Data slicer can synchronize video signal.

@ FLINE  The number of filed signal scanning line which the data slicer is detecting or monitor
flag of detecting state.

Example
FLINE = 1FH — NTSC Signal
FLINE =10H — V synchronizing adjustment
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Caption data slice level control register (Write / Read)
5 4 3 2 1 0
SLVL5 : SLVLA : SLVL3 : SLVL2 i SLVL1 : SLVLO [ (Initialvalue: %00 1010)

SLVLCR
(OFA2,,)

Bitname | Function Bit definition

000000 : VPCLAMP +(1/256) Vpp
000001 : VPCLAMP + (2 / 256) Vpp
000010 : VPCLAMP + (3 / 256) Vpp

000011 : VPCLAMP +(4/256) V,
Slice level (Initial value :) setting * ) Voo

SLVL X . 000100 : VPCLAMP +(5/256) Vpp Write
Slice level setting : :
111101 : VPCLAMP + (62 /256) Vpp
111110 : VPCLAMP + (63 /256) Vpp
111111 : VPCLAMP + (64 /256) Vpp
SLVL | Slice level (Final value) Read

Note 7: VPCLAMP (Pedestal clamp) =(1/2) Vpp
Note 2 : The SLVLCR has different write buffer and read buffer, and cannot be read write buffer data. The SBIDBR cannot be used with any read-
modify-write instructions. (Bit manipulation instructions such as SET, CLR, etc. and logical operation such as AND, OR, etc.)

Sync-chip slice level setting register (Write Only)
7 6 5 4 3 2 1 0
DACL7 : DACL6 : DACL5 i DACL4 | DACL3 i DACL2 i DACL1 : DACLO | (Initial value : 0100 0010)

DACLCR
(OFAG,,)

Bit name | Function Bit definition

0000 : VSCLAMP +(3/512) Vpp
0001 : VSCLAMP +(6/512) Vpp,

DACL7to4: Slice level 0010 : VSCLAMP +(9/512) Vpp
DACL Upper limit setting 0011 : VSCLAMP +(12/512) Vpp Write
DACL3t00: Slicelevel only
Lower limit setting 1101 : VSCLAMP +(42/512) Vpp

1110 : VSCLAMP + (45 /512) Vpp
1111 : VSCLAMP + (48 /512) Vpp

Note : VSCLAMP (Sync-chip clamp) =(204/512) Vpp

Figure 2-94-5. Data Slicer Control (V)
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2.14.5 Clamp and Data Slicer Operation
The slicer uses the following steps to obtain the caption signals :

Syncsignal separation

Caption line detection

CRI detection

Slice level setting and generation
of sampling clock

Caption signal extraction

The composite video signal input via VN1 (pin 40) is clamped
by the sync chip / tip clamp circuit and the HD and VD sync
signals separated by the sync separation circuit.

Field decision and caption line detection are effected using
the HD and VD syncsignals.

The CRI signal of the caption line interval is detected from
the pedestal clamped video signal at Viyo (pin 41).

The slice level is controlled during the CRI signal interval,
detected by the slice level control block, to obtain the
optimum level.

To determine the timing for extracting the caption data, a
sampling clock is generated that is phase-locked to the CRI.

The caption data is extracted at the selected slice level using
sampling clock, which is locked to the caption data.

The data slicer has two separation circuits :

a.Syncsignal (sync chip / tip clamp + sync signal slice) separation.
b.Caption data (pedestal clamp + data slice) separation.

The two circuits are described briefly below.
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a.Syncsignal (sync tip clamp + sync signal slice)

a-1 Synctipclamp (pin40) ........... The sync tip is clamped at (204/512) Vpp [V] as shown in

Figure 2-95.

Video signal

After syncsignal separation

A, B: Synctipslice levels

1 2 A: DACL7to4
__________________________________ B Lower-limit setting
B: DACL3to0
_________________________ Ji A Upper-limit setting
(204/512) Vpp [V]
GND

Figure 2-95. Sync Signal Slice

a-2 Method of syncsignal slice
The syncsignal is separated as shown in Figure 2-95.
Sync signal separation is accomplished by comparing the voltage of the sync tip-clamped video
signal with the sync tip slice level. For a 1 — 2 video signal change, if the sync signal after
separation is high, the slice level A is selected ; if low, the slice level B is selected.

(Sync tip slice level)
Slice level = VSCLAMP + {(3 + 3X) / 512} Vpp

Vbbp
VSCLAMP

X

: power supply voltage
:synctip clamp =(204/512) Vpp
: setup data (4 bits)

3-A8700-150




TOSHIBA TMPA8700CH/CK/CM/CP/CS

b.Caption data (pedestal clamp + data slice)

b-1 Pedestal clamp (pin41) ........... Clamped at (1/2) Vpp [V] as shown in Figure 2-96.

U I 1--------—---—--—-- Slice level

(1/2)Vpp V]

GND

Figure 2-96. Pedestal Clamp

b-2 Method of data slice
The data slice level constitutes a level at which the CCD data is differentiated.
Theslice level’s setup value is indicated by the following :

Slice level = VPCLAMP + (X /256) Vpp [V]

Vpp : power supply voltage
VPCLAMP : pedestal clamp=(1/2) Vpp
X : setup data (6 bits)

b-3 Automaticslice level correction circuit
The slice level is corrected to the appropriate value during the CRI period.
Slice level correction always begins with the setup value of SLVL (bits 5 to 0 of SLVLCR).
If you want the last value to become the initial value of the next slice level, set it to SLVL (bits 5to 0
of SLVLCR).
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2.15 Test video Signal Generator
The A8700CH / CK/ CM / CP / CS have a built-in test video signal generation circuit to output necessary
signal for TV screen adjustment.

Mode : NTSC

Picture pattern : Total eight types, Monochromaticinversion possible

Outputformat : Threestates(H, L, Hi-Z) output
Comp.Syncduration time L output
Black level / Pedestal duration time  Hi-Z output
White level duration time H output

2.15.1 Configuration

Horizontal pattern
generation circuit

Vertical pattern f
generation circuit

Pattern mixed circuit ———-11 P62 (CSOUT)

Display pattern

generation circuit

3

CSOUTM3 CSOUTM21t0 0

SGCR1/2

0

HVFREE

Figure 2-97. Test Video Signal Generation Circuit
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2.15.2 Control
The video signal output circuit can be controlled with the signal control register.

Test video signal generator control register 1

7 6 5 4 3 2 1 0

SGCR1 g csouT[csouT| T A CSOUT : CSOUT - .

OFAY) o Lons [ M g | [AVEREE| (nitial valve : <00% £000)
Bitname | Function Bit definition

0 : Noinversion
CSOUTMS3 | Pattern monochromatic inversion .
1: Inversion

000 : White on the whole screen
001 : Black horizontal hatch
010 : Black vertical hatch

CSOUTM2 Display pattern 011 : Black cross hatch Write
to0 playp 100 : White on the upper side and black on the lower only
101 : Black cross bar
110 : Black dot
111 : Black cross hatch and dot
0: Disable
HVFREE | Test video signal output
1:Enable
Test video signal generator control register 2
7 6 5 4 3 2 1 0
SGCR2 ot s e RIS e PR oo B _
(OFID oo e SGCHS | (nitialvalue:  +xxx+x20)
Bit name | Function Bit definition
0: Port
SGCHS | Synchronous signal for OSD ' . ) R/W
1: Test video signal generator

Figure 2-98. Test Video Signal Generator Control Register

2.15.3 Functions

Test video signal output is to generate monochromatic picture signal output to take easily the necessary
tests such as TV screen white adjustment and screen distortion amplitude adjustment implemented on

the final manufacturing process of a TV receiver set.

When CSOUT2 to 0 of the test video signal generator control register 1 (5th, 2nd, 1st bit at OFA1H
address) is set, the display pattern is selected. When CSOUTM3 (6th bit at OFA1y address) is set to 1, the

pattern isinverted. When HVFREE (Oth bit at OFA14 address) is set to 1, the pattern is generated.

When the on screen display and the display pattern of test video signal are displayed at the same time,
SGCHS of the test video signal generator control register 2 (0th bit at 0F9Dy address) is set to 1, and the
synchronous signal generated in the test video signal generator is also used for the OSD circuit. SGCHS

has to be clear to 0 when the test video signal generator is not enabled.
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Display Pattern
(Csoutm2 to 0)

TV Screen

000
(White on the whole screen)

001
(Black horizontal hatch)

010
(Black vertical hatch)

011
(Black cross hatch)

100
(White on the upperside and
black on the lower side)

101
(Black cross bar)

110
(Black dot)

111
(Black cross hatch and dot)

Figure 2-99. Display Pattern and TV Screen
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There are three states of the output to generate picture signal with the external circuit of the resistance
divided voltage.

5V
A8700CH/CK/CM/CP/CS

A

P62 (CSOUT) [}
BNC

77 GND
Three state of Picture signal output
the output
(5Vp-p) (1Vp-p)

Figure 2-100. Example of Picture Output Generation

3-A8700-155



TOSHIBA

TMPA8700CH/CK/CM/CP/CS

Input/ Output Circuitry

(1) Control pins
The input/output circuitries of the A8700CH / CK/CM/CP/CS control pins are shown below.

Control Pin 1/0 Input/ Output Circuitry Remarks
Osc.enable Resonator connecting pins
' Dot (High-frequency)
VbD AW v
il(l)\IUT nput S Rf =1.2 MQ (Typ.)
Output =1 .
Ro =1.5kQ (Typ.)
XIN XOUuT R =1 kQ (Typ)
VoD Sink open drain output
;Rm ; Hysteresis input
RESET 1/0 Address-trap-reset @ 0 Pu”_up resistor
Watchdog-timer-reset%>—<
System-clock-reset Rin =220 kQ (Typ.)
N Hysteresis input
- —|>°_'% % SR
STOP/INTS |
(PZO) InPUt P20
STOP /TS < R=1kQ (Typ.)
VoD Pull-down resistor
RiNn=70kQ (Typ.)
TEST Input —< iy 0
R'N% % R=1kQ (Typ.)
Osc. connecting pin for on-
Osc. enable ——{ Jo—¢— fosp screen display
VbD
0SsC1 Input £q R¢ Rf =1.2 MQ (Typ.)
0sC2 Output 1 Ro =1.5kQ (Typ.)
O R =1k (Typ.)
osc1
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(2) Input/outputports

Port 1/0 Input/ Output Circuitry Remarks
Initial “Hi-Z" Voo Sink open drain output
P20 1/0 [_D
—P>o
<l R =1KkQ (Typ.)
Initial “Hi-z” Voo Tri-state 1/0O
P30 Hysteresis input
to
P33 1/0
P50 oi [
isable 3R
P57
< R=1kQ (Typ.)
Initial “Hi-z" Voo Tri-state 1/0O
Hysteresis input
P34 P-ch Control Y P
P35 E
P51 1/0 [_D
P52 Disable SR
< R =1KkQ (Typ.)
Initial “Hi-z" VbD Tri-state 1/0O
Hysteresis input
o ] yseresisinp
P53 O
to /0 Disable >——_D°_'%L i 3R
P56 @ R=1kQ (Typ.)
_I_(I> Ra =5 kQ (Typ.)
Az TRa Ca =12 pF(Typ.)
Initial “Hi-Z" VDD Tri-state /0
P4
P64 1/0 [—D
to Disable 2R
P67 P
~ R=1kQ (Typ.)
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Port 1/0 Input/ Output Circuitry Remarks
Initial “Hi-Z" Tri-state /0O
"D High current output
—e— 'ET i loL=20 mA (Typ.)
P60 =
P61 /0 disable )——_):>°—' i S:R
1 R=1kQ (Typ.)
AN
el Ra =5k (Typ.)
) S Ca =12 pF (Typ.)
v Tri-state /0
DD

High current output
loL=20 mA (Typ.)

P62
P63 170 —0
disable 3R
1
Y R=1kQ (Typ.)
Voo Sink open drain output
Hysteresis input
P70
P71 /0 —0
—>o $r
@ R=1kQO
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Electrical Characteristics

Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Condition Rating Unit
Supply Voltage Vpp — -0.3t06.5 \
Input Voltage VIN — -0.3toVpp+0.3 \'
Output Voltage VouTi1 —_ -0.3toVpp+0.3 Y
. lout1 |Ports P2, P3, P4,P5, P64to P67, P7 3.2
Output Current (Per 1pin) mA
lout2 | P60 to P63 30
SloyTt1 |Ports P2, P3, P4, P5, P64 to P67, P7 120
Output Current (Total) mA
SlouTt2 | P60 to P63 120
Power Dissipation [Topr =70°C] Pp —_ 600 mwW
Soldering Temperature (time) Teld — 260 (105s) °C
Storage Temperature Tstg — -55t0 125 °C
Operating Temperature Topr — -30to 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
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Recommended Operating Conditions

(VSS = 0 V, Topr = - 30 to 70°C)

mode (FORS =0)

Parameter Symbol Pins Test Condition Min Max |Unit
NORMAL mode 45
fc= :
S ly Voltage \Y — IDLE mode 5.5 \Y
upply Voltag DD 8 MHz o
STOP mode 2.0
. Vbp
ViH1 | Except hysteresis input % 0.70
Vpp = 4.5V
Input High Voltage | Vi42 |Hysteresisinput XVOD% Vpp | V
Vi3 — Vpp < 4.5V Voo
) x 0.90
. Vbp
ViL1 | Except hysteresis input % 0.30
Vpp = 4.5V :
Input Low Voltage V)2 [Hysteresisinput 0 xVODgS \'
V
Vi3 — Vpp <45V x OD.?O
fc XIN, XOUT Vpp=4.5t0 55V — 8.0
Double frequency 2 6
Clock Frequency Vpp =4.5 | mode (FORS = 1) MHz
fosp | OSC1, 0OSC2 0 5.5V
0. Normal freguency | 12

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: fc : The condition of power supply voltage is limited to NORMAL and IDLE mode.
Furthermore, since the CPU clock serves dual purposes as a clock for the CCD slier, always be sure to use an 8 MHz

oscillator.
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TOSHIBA

TMPA8700CH/CK/CM/CP/CS

Electrical Characteristics

D.C. Characteristics

(VSS =0V, Topr = -30to 70°C)

Parameter Symbol Pins CiTrifjtit Test Condition Min | Typ. | Max | Unit
Hysteresis Voltage Vys | Hysteresis inputs — — — | 09 | — \Y
Vpp=5.5V,
lint | TEST — |ViN=5.5V/0V — | — | *?
. Vpp=5.5V,
Input Current liIn2 | Open drain ports — |vy=55V/0V — | = 2 | A
w3 | Tri-state ports _ |Vop=55V, | — | 12
lina | RESET, STOP ViN=5.5V/0V
Input Resistance Rin2 | RESET — — 100 | 220 | 450 | kO
Output Leakage | Open drain ports and __ |Vopb=5.5YV, | 2 A
Current LO | tri-state ports Vour=5.5V #
Output High 0 __ |Vpp=4.5V, _ _
Voltage Vouz | Tri-state ports lo = - 0.7 mA 4.1 \Y
Except XOUT, OSC2, __ |Vbp=4.5V, _ _
Output Low Voltage | VoL P60 o 63 loL = 1.6 mA 0.4 \Y
Vpp=4.5V,
Output Low Current | loL3 | P60 to P63 — |voL=1.0V — 20 — | mA
Supply Currentin Vinn = 5.5V
NORMAL Mode > Note3)| — | | % |™
Supply Currentin fc=8 MHz
IDLE Mode Ll - — |vin=53v/02v | — | 8 | 18 | mA
Supply Currentin Vpp=5.5V
STOP Mode Vin=53Vv/02v | — | 03 | 10 | A
Note 1: Typical values show those at Topr=25°C, VDD =5 V.
Note 2: Input Current : 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=4.5t0 5.5V, Topr= - 30 to 70°C)
Test . . .
Parameter Symbol Circuit Test Condition Min | Typ. | Max | Unit
Vv — — |V —_
Analog Reference Voltage AREF — bo Y
Vass — — 0 —
Analog Reference Voltage Range AV AREF — =Vpp - Vss — [ Vpp | — Y
Analog Input Voltage VaIN — — Vs | — | Vpbp| V
Nonlinearity Error — — — — 1 | LSB
Zero Point Error — — — — +2 | LSB
Vpp=4.5t0 55V
Full Scale Error — — — — + LSB
Total Error — — — — t LSB

Note: Total error does not include quantization error.
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TOSHIBA

TMPA8700CH/CK/CM/CP/CS

A.C. Chracteristics

(Vss=0V,Vpp=4.51t05.5V, Topr= —30 to 70°C)

Parameter Symbol C'il'recsl;cit Test Condition Min | Typ. | Max | Unit
) ) In NORMAL mode
Machine Cycle Time tcy — — | 05| — S
In IDLE mode
High Level Clock Pulse Width | twcH __ |Forexternal clockoperation | oo | _ | _ |
Low Level Clock Pulse Width twel (XIN input), fc =8 MHz ’
Recommended Oscillating (Vss=0V,Vpp=4.51t05.5V, Topr= — 30 to 70°C)
Recommended
Parameter Oscillator Frequency Recommended Oscillator Conditions
Cq C
. Ceramic Resonator 8 MHz KYOCERA KBR8.0M 30 pF 30 pF
High-frequency -
Crystal Oscillator 8MHz |TOYOCOM 210B 8.0000 20pF | 20pF

(1) High-frequency

(2) LCResonator for OSD

6 MHz TOKO  A285HCIS-13319 (5 mm)
OsD LC Resonator — —
12MHz |TOKO  TA285HCIS-13306 (5 mm)
XIN XOUT

Note: An electrical shield by metal shield plate on the surface of the IC package should be recommendable in order to prevent
the device from the high electric fieldstress applied from CRT (Cathode Ray Tube) for continuous reliable operation.
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