TOSHIBA TMP87C408/808/408L/808L

CMOS 8-Bit Microcontroller

TMP87C408M, TMP87C408N, TMP87C808M, TMP87C808N
TMP87C408LM, TMP87C408LN, TMP87C808LM, TMP87C808LN
TMP87C408DM

TMP87C408/808/408L/808L is high speed and high performance 8-bit single chip microcomputers to operate
on low voltage and low power consumption. This MCU contains ROM, RAM, input/output ports, multi-
function timer/counter, a serial interface, and 8-bit A/D converter.

Part No. ROM RAM Package OTP MCU Operation Voltage Range
_TMP87C408M | PSOP28-450-1.27 | TMP87P808M 127V t05.5Vat4.2 MHz
TVIP87CA0BN | | 4K x 8-bit P-SDIP28-200-1.78 | TMPB7PBOBN 4.5V t05.5V at8 MHz
T\VIP87C408DM P-SSQP30-56-0.65
TMP87C808M . P-SOP28-450-1.27 TMP87P808M
TVP87C808N | 8K x 8-bit 256 x8-bit | P-SDIP28-400-1.78 | TMP87P808N
_Tvpgzcaosim | o _P-50P28-450-1.27 | TMP87P808LM [ 1.8Vt04.0V at4.2 MHz
TMP87C408LN P-SDIP28-400-1.78 TMP87P808LN
TMP87C808LM . P-SOP28-450-1.27 TMP87P808LM
‘Tivipg7Caosin ] 8K *8bit BLSDIp28-400-1.78 | TMPS7PBOSIN

Features
@ 8-bit single chip microcomputer TLCS-870 series P-50P28-450-1.27

@ Minimum instruction execution time: 0.5 xs (at 8 MHz)

0.95 s (at 4.2 MHz) L TMP87C408LM

(TMP87C408L/C808L/P808L) TMP87C808M
@® 129 types & 412 basic instructions ;mgg;ggggkn“"
® Multiplication (8 bits x 8 bits, 16 bits + 8 bits) TMP87P808LM

: Execution time 3.5 us (at 8 MHz)
(TMP87C408/C808/P808)
7.0 us (at 4 MHz)

) TMP87C408N
(TMP87C408L/C808L/P80OSL)

TMP87C408LN
TMP87C808N
TMP87C808LN
TMP87P808N
TMP87P808LN

@ Bit manipulations

(Set/Clear/Complement/Load /Store / Test / Exclusive or)
® 16-bit data operations
@ 1-byte jump/call (Short relative jump / Vector call)

TMP87C408DM

000707EBP1

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

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

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

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

@ 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.

3-08-1 2001-01-22



TOSHIBA TMP87C408/808/408L/808L

@ 10 interrupt sources (External: 4, Internal: 6)
® All sources have independent latches each,
and nested interrupt control is available.
® Edge-selectable external interrupts with noise reject
@ High-speed task switching by register bank changeover
@ Input/Output ports (22 pins)
® Middle current output: 6 pins (Typ.7 mA)
(TMP87C408/C808/P808)
(Typ. 6 mA)
(TMP87C408L/C808L/P808L)
@ Two 16-bit Timer/Counters
@ Timer, Eventcounter, Programmable pulse generator output,
Pulse width measurement, External trigger timer,
Window modes
@ Time Base Timer
® Interrupt frequency types: 8 types (1to 16384 Hz)
@ Divider output function (frequency: 4 types)
@ Watchdog Timer
@ One 8-bit Serial Interface
® With 8 bytes transmit/receive data buffer
@ Internal / external serial clock, and 4/8-bit mode
@ 8-bit Successive approximate type A/D converter with sample and hold
® 6 analog inputs
@ Conversion time: 23 us/92 us at 8 MHz programmable selectable (TMP87C408/C808/P808)
46 s/ 184 us at 4 MHz programmable selectable (TMP87C408L/C808L/P808L)
@ Two Power saving operating modes
® STOP mode:Oscillation stops. Battery/Capacitor back-up
Port output hold/high-impedance
@ |IDLE mode : CPU stops, and Peripherals operate using high-frequency clock. Release by interrupts.
@ Operating voltage: 2.7t0 5.5V at4.2 MHz/4.5t0 5.5 V at 8 MHz (TMP87C408/C808/P808)
1.8t0 4.0V at4.2 MHz (TMP87C408L/C808L/P808L)
@ Emulation pod : BM87C408MO0A
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TOSHIBA TMP87C408/808/408L/808L

Pin Assignments (Top View)

P-SOP28-450-1.27 / P-SDIP28-400-1.78 P-SOP30-56-0.65
\./
xouT -<«—[]1 28 [ J=<—vDD xouT -<—[]1 O 30 [ d=<—voD
xin —[] 2 27 [] <> RESET xIN —>[] 2 29 [ <> RESET
TesT —>[] 3 26 |1 <> p10 (INTO) TesT —[] 3 28 |1 <> p10 (INTO)
P67 <[4 25 [ <> P11 (INT1) P67 <> []4 27 [ <P11(nNTY)
P66 <=>=[]5 24 | ] <> P12 (INT2/TC1) P66 <> []5 26 [ <> P12 (INT2/TC1)
(AIN5/STOPS) P65 <> [] 6 23 [ ] <> P13 (BV0) (AIN5/STOPS) P65 <> [] 6 25 [] <> P13 (BV0)
(AIN4/STOPA) P64 <[] 7 22 [ <> P14 (FPG) (AIN4/STOPA) P64 <[] 7 24 [ <> r14 (FPG)
(AIN3/5TOP3) P63 <> [] 8 21 [ - P15(1C2) N.C. Os 231 N.C.
(AIN2/STOP2) P62 <> []9 20 [ ->ri16 (AIN3/STOP3) P63 <> []9 22 [ <> P15 (1€2)
(ANT) P61 <[] 10 19 [ <> P17 (AIN2/sTOP2) P62 <[] 10 21 [1=>ri6
(AINO) P60 <> 11 18 [ <->rp72 (aIN1) P61 e[ 11 20 [ ->rp17
(VAREF) P77 <[] 12 17 [ <= p73 5cK) (aNoy P60 -->[] 12 19 [ ->r72
(STOP/INTS) P76 <[] 13 16 [J <> P74 (51) (VAREF) P77 <>[]13 18 [] <> P73 5CK)
(vass)vss —=[] 14 15 ] <> P75 (50) (STOP/INTS) P76 =[] 14 17 [ <745
(vass)vss —[] 15 16 [ <> p75(50)
Block Diagram
Power { VDD
Supply VSS
P S W | Stack Pointer | Data Memory | Program Counter |
| I
ALU Flags | RBS (RAM)
_______________
| I * I Register Banks |
Resetl/O  RESET System Controller
Test Pin TEST Program Memory
; Standby Controller <| Interrupt Controller | (ROM)
Clock Gear T T 1‘ 1 T
Timing Generator | Time Base 16-bit 8-bit Serial —
Resonator XIN Timer Timer/Counters Interface N ’
Connecting{XOUT High Clock TC1 | TC2 SI0 Instruction
Pins ¢ 1T T Reqister
requency| Generator Wa‘fChdog Instruction
Timer Decoder
\
| < = N\ < L
g2 ] ﬁ
8-bit
~—— Key Wake Up m A/Dcomllerter /FZ\
<
T . T — )
L NG~ NG~
P67 VAREF P17 P77
P66 (P77) to to
P65 (AIN5 /STOPS5) Analog P10 P72
to to referenc
P62 (AIN2 /STOP2) voltage
P61 (AIN1)
P60 (AINO)

(Analog inputs/stop mode release)
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TOSHIBA

TMP87C408/808/408L/808L

Pin Function

Pin Name Input/ Output Function
P17, P16 /O 8-bit programmable input/output
.............................................................. ports (tri_states) e ieeeareiiiaesesiesEsaseessssasissassieaseesasnssatsanatansanatan
P15 (TC2) I/0 (Input) Each bit of these ports can be individually | Timer/Counter 2 input
P14 (PPG) configured as an input or an output under Programmable pulse generator output
............................... /0 (Output) software control. When used as an
P13 (DVO) external interrupt input or a timer Divider output
.............................................................. counter input, the input mode is
przanT2rTen configured. When used asadivider | Sl meTuptinput2orTimeriCounter 1 nput
P11 (INT1) I/0 (Input) output or a PPG output, the latch must be | External interruptinput 1
............................... setto "1 " and the OUtpUt mOde iS
P10 (INTO) configured. External interrupt input 0
P67, P66 8-bit programmable input/output port
............................... (tri-states). Each bit of the port can be
PSS(AINS/STOPS) individually configured as an input or an A/D converter Stop mode
P64 (AIN4/STOP4) output under software control. When analog inputs release inputs
------------------------------- used as an analog input or stop mode
P63 (AIN3/STOP3) I/0 (Input) release input , the input mode is
............................... - _
P62 (AIN2/STOP2) configured
P61(A|N1) ______________ A/D converter analog inputs
P60 (AINO)
P77 (VAREF) 6-bit programmable input/output port | Analog reference power supply
............................... I/O (Output) (t”_states) e e e et et eeeeaaeeeeeeaeeeaeeeaeeaaaaneaaaaan
P76 (STOP/INT5) Each bit of these ports can be individually | STOP mode release input/External interrupt 5 input
.............................................................. configured as an iNPUt OF an QULPUE Under |17/
PO i /O {Outeut) .| software contral. e o e
P74 (SI) I/0 (Input) When u?ed.as an extcl-:‘rnal |n.terrupt .mput SIO serial data input
.............................................................. or a serial interface input pin, the input [
P73 (SCK) I/0 (1/0) mode is configured. When used as a serial | SIO serial clock input/output
.............................................................. interface Output pin’ .the Iatch mUSt be Set e EsEdsEs s EssEssEssasEEsEaEEsLEEEsEAEEsEGEAsEEEERE AR RR R R n e
P72 170 to “1” and the output mode is configured.
Resonator connecting pins for clock.
XIN, XOUT Input, Output . . . .
For inputting external clock, XIN is used and XOUT is opened.
RESET 110 Reset signal input or watchdog timer output/address-trap-reset output/system-clock-reset output.
TEST Input Test pin for outgoing test. Be tied to low.
VDD 2.7 to 5.5 V (TMP87C408/C808/P808), 1.8 to 4.0 V (T\MP87C408L/C808L/P808L)
Power Supply
VSS (VASS) 0V (GND) Analog reference GND
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TOSHIBA TMP87C408/808/408L/808L

Operational Description

1.  CPU Core Functions
The CPU core consists of a CPU, a system clock controller, an interrupt controller, and a watchdog timer.
This section provides a description of the CPU core, the program memory, the data memory, 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 87C408/808/408L/808L. In the TLCS-870 Series, the memory is organized 4 address spaces
(ROM, RAM, SFR, and DBR). It uses a memory mapped I/O system, and all I/O registers are mapped in the
SFR/DBR address spaces. There are 16 banks of general-purpose registers. The register banks are also
assigned to the RAM address space.

00004 00004
SFR [ : 64 bytes : 64 bytes
003F 003F
00‘;10 00?0 Register banks
i | 128bytes i | 128bytes | | (gregistersx 16 banks)
00BF |..cooevnniiinne 00BF |.cccvievnnnn.
00CO 00CO
RAM : | 128 bytes : | 128 bytes Note: ROM; Read Only Memory includes:
Program memory
013F ; : 013F © : RAM; Random Access Memory includes:
P P Data memory
g : Stack
P ~ P ~ General- purpose register banks
OF';:O OF';:O SFR,; Special Function Register includes:
DBR 8 bytes 8 bytes IO ports
: : Peripheral hardware control registers
OFF7 _ _ OFF7 _ | Peripheral hardware status registers
i = = = System control registers
I : I Interrupt control registers
P : EO?O 7936 Program Status Word
FO00 _{ 3840 A bytes _| DBR; Data buffer registers includes:
T bytss T T T SIO transmitireceive data buffer
FFOO FFQO
ROM oL 192 L oL 192 L
: bytes : bytes Entry area for page
10: 1 O FFBE [oovivvini Vector table for callinctruction
FFCO | 3 bytes FFCO | 35 bytes J vector call instruction
FFDF |.......0...... FFDF |.......0 ... (16 vectors)
FFEO 32 bytes FFEO 32 bytes ] Interrupt vector table
FFFF EFFF (16 vectors)
87C408/408L 87C808/808L

Figure 1-1. Memory Address Map
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TOSHIBA TMP87C408/808/408L/808L

1.2 Program Memory (ROM)
The 87C408/408L each have a 4 Kbytes (addresses FOO0 to FFFFy), the 87C808/808L each have an 8 Kbytes
(addresses E000 to FFFFL) of program memory (mask programmed ROM).
Addresses FFO0 to FFFF of program memory is also used for a special purpose.

(1) Interrupt vector table (addresses FFEQ to FFFFy)
This table consists of a reset vector and 16 interrupt vectors (2 bytes/vector). These vectors store a
reset start address and interrupt service routine entry addresses.

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

(3) Entry area(addresses FFOO to FFFFy) for page call instructions
This is the subroutine entry address area for the page call instructions [CALLP a]. Addresses FFOO to
FFBFH are normally used because addresses FFCO to FFFFy are used for the vector tables.

Programs and fixed data are stored in the Address ROM
program memory. The instruction to be FOOEOH contents
executed next is read from the address L L
indicated by the current contents of the T T~ Example: The relationship
program counter (PC). There are relative jump : gzav,::r?tr; :Sc:l\/lCall
and absolute jump instructions. The concepts | FF00 group
of page or bank boundaries are not used in the instructions/Interrupt/
program memory concerning any jump - ] Reset
instruction. CALLP 7BH ; PC e« FF7By
Example: The relationship between the | Frgr
jump instructions and the PC. FFCO | Callvector(l) (56 CALLV OH ; PCe«F856y
@ 5-bit PC-relative jump [JRS cc, $+2 +d] FFC1 Call vector (H) | F8
F8C4H: JRS T, $+2+08H FFC2
When JF =1, the jump is made to F8CEH, :
which is 08 added to the contents of the :
PC. (The PC contains the address of the | FFDF
instruction being executed +2; FFE0 - (interruptvector(L) | 68 INTS P PO P38y
therefore, in this case, the PC contents ii; Interrupt vector (H) F3
are F8C4y + 2 = F8C6y.) :
; e i FFFD
@ 8'b::t8§f?:\'ez{u;n N Z[Jf sor $r2udl FrFE | Resetvector(l) |3E RESET  ; PCeFO3Ey
When ZF =1, the jump is made to F846y, FFFF Reset vector () | FO

which is FF80y (-128) added to the

Figure 1-2. Program Memory Map
current contents of the PC.

@ 16-bit absolute jump [JP a]
F8C4H: JP OQF235H
An unconditional jump is made to
address F2354. The absolute jump
instruction can jump anywhere within
the entire 64K-bytes space.
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TOSHIBA TMP87C408/808/408L/808L

In the TLCS-870 Series, the same instruction used to access the data memory is also used to read out fixed
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: Loads the ROM contents at the address specified by the HL register pair contentsinto
the accumulator (87C408: HL = FO00y)
LD A, (HL) ; A<ROM (HL)

Example 2: Converts BCD to 7-segment code (common anode LED). When A =054, 924 is output
to port P1 after executing the following program.

ADD A, TABLE-$-4 ;P1<ROM (TABLE + A)
LD (P1), (PC+A)
JRS T, SNEXT ;Jump to SNEXT
TABLE: DB 0COH, OF9H, 0A4H, 0BOH, 99H, 92H, 82H, 0D8H, 80H, 98H
SNEXT: —
Note: “$” is a header address of ADD instruction. DB is a byte data SHLC A
definition instruction.
- JP (PC+A) -
Example 3: N-way multiple jump in accordance with the contentsof | _____: 34 ____|
F2
accumulator (0 = A =3). 78
SHLC A : if A=00y then PCe<F234y  [77777] R
JP (PC +A) if A=01y then PC<F378y  [_____: 37 ]
if A=02y then PC<FA37y e
if A=034 then PC<F1BOH [ 77777 Fi
DW OF234H, OF378H, OFA37H, OF1BOH T ~—

Note: DW is a word data definition instruction. Word =2 bytes.

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 reset vector stored in the vector table
(addresses FFFFy and FFFER) is loaded into the PC; therefore, program execution is possible from any
desired address. For example, when FOy and 3Ey are stored at addresses FFFFy and FFFER, respectively,
the execution starts from address FO3Ey after reset.

The TLCS-870 Series utilizes pipelined processing (instruction pre-fetch); therefore, the PC always
indicates 2 addresses in advance. For example, while a 1-byte instruction stored at address F123y is being
executed, the PC contains F1254.

MSB LSB >
1514131211109 8 7 6 5 4 3 2 1 0 ProgramCounter:X a X att X at X a+3 }(:

Program Counter (PC)

PCy PC, Instruction X a-2 X a-1 X a X a+1
Execution

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

Figure 1-3. Program Counter
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TOSHIBA TMP87C408/808/408L/808L

1.4 Data Memory (RAM)
The 87C408/808/408L/808L each have a 256 bytes (addresses 0040 to 013Fy) of data memory (static RAM).
Figure 1.4 shows the data memory map.
Addresses 0000 to 00FF4 are used as a direct addressing area to enhance instructions which utilize this
addressing mode; therefore, addresses 0040 to 00FF 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”, 004 is written to data memory at address
00E3y; otherwise, FFy is written to the data memory at address 00E3.

TEST (00COH).2 ; if (00C0H)2 =0then jump
JRS T,SZERO
CLR (O0E3H) ; (00E3H)<-00H
JRS T,SNEXT

SZERO: LD (0O0E3H), OFFH ; (00E3n)<FFH

SNEXT:

Example 2: Increments the contents of data memory at address 00F5y, and clears to 00y when 104
is exceeded.

INC (0OOF5H)
AND (0O0F5H), OFH

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

The stack can be located anywhere within the data memory except the register bank area. For more
details on the stack, see section “1.7 Stack and Stack Pointer”.

With the TLCS-870 Series, programs in data memory cannot be executed. If the program counter
indicates a specific data memory address (addresses 0040 to 013Fy), an address-trap-reset is generated
due to bus error. (Output from the RESET pin goeslow.)

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

Example 1: Clears RAM to 0 except the bank 0

LD HL, 0048H ; Setsstart address to HL register pair

LD A H ; Setsinitial data (A)

LD BC, 00F7H ; Sets number of byte to BC register pair
SRAMCLR: LD (HL+), A

DEC BC

JRS F, SRAMCLR

Note: “$” is a header address of ADD instruction. The general-purpose registers are mapped in
the RAM; therefore, do not clear RAM at the current bank addresses. Clears RAM to 0
except the bank 0.
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TMP87C408/808/408L/808L

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

wso | Reglsterbankz ...... ...... Reglsterbank3 ...... .....
0060 I}egig»ter l?ank: 4 I:Regi§ter l:)ank: 5

oo |7 Reglste : b o k6 .............................. Reglster bank7 .................
0090 Begi§ter l?ank:10 ) I:Regi§ter l:)ank:H )

oo | Reglste : b - k12 ............................. Reglster bank13 ...............
omo |7 Reglsterbank14 .......................... Reglsterbank15 ............
00CO

00D0

00EO

00F0

0100

0110

0120

0130

Figure 1-4. Data Memory Map

1.5 General-purpose Register Banks
General-purpose registers are mapped into addresses 0040 to 00BFy 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 unused register banks can be used as a data

memory.

W A
...... B C
D ............ E ......
H ............. L ......

Bank 0 (0040 to 0047)

(a) Configuration

L | Bank 15 (00B8 to 00BFy) _
— Bank 14 (0080 to 0087}) ExaV’:'/p'ej Ba:k 0
— Bank 13 (00A8 to 00AFy) ;
Bank 12 (00AO to 00A7},) .(99§.TH?.5.(99€9H?.
(0033y) (0042,
L Bank 4 (0060 to 0067;;)
- Bank 3 (0058 to 005Fy) 0045y : (0044y)
— Bank 2 (0050 to 0057y) H : L
Bank 1 (0048 to 004Fy) (0047,,) | (0046,)

(b) Address assignments of registers

Figure 1-5. General-purpose Register Banks
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In addition to access in 8-bit units, the registers can also be accessed in 16-bit units as the register pairs
WA, BC, DE, and HL. Besides its function as a general-purpose register, the register also has the following
functions.

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

Examples: ©® ADD A, B ; Adds B contents to A contents and stores the resultinto A.
@ SUB WA, 1234H ;Subtracts 12344 from WA contents and stores the result into WA.
@ SUB E, A ; Subtracts A contents from B contents, and stores the result into E.
(2) HL, DE

The HL register functions as a data pointer/index register/base register, and the DE register pair
function as a data pointer to specify the memory address.

HL also has an auto-post-increment and auto-pre-decrement functions. This function simplifies
multiple digit data processing, software LIFO (last-in first-out) processing, etc.

Example 1: ® LD A, (HL) ; Loads the memory contents at the address specified by HL into A.

@ LD A, (HL+52H) ; Loadsthe memory contents at the address specified by the value
obtained by adding 521 to HL contents into A.

@ LD A, (HL+C) ;Loadsthe memory contents at the address specified by the value
obtained by adding the register C contents to HL contents into A.

@ LD A, (HL+) ; Loads the memory contents at the address specified by HL into A.
Then increments HL.

® LD A, (-HL) ; Decrement HL. Then loads the memory contents at the address
specified by new HL into A.

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

Example 2: Block transfer

LD B, n ; Sets number of bytes to transfer - 1
LD HL, DSTA ; Sets destination address
LD DE, SRCA ; Setssource address
SLOOP: LD (HL), (DE) ; (HL) « (DE)
INC HL ; HL«<HL+1
INC DE ; DE<DE+1
DEC B ; BeB-1
JRS F, SLOOP ; if B=0 thenloop

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

Example 1: Repeat processing

LD ... B, n. ; Setsn asthe number of repetitions
SREPEAT: | processing :
DEC B

JRS F, SREPEAT

Example 2: Division (16-bit + 8-bit)
DIV WA, C ; Dividesthe WA contents by the C contents, places
the quotientin A and the remainderin W.
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The general-purpose banks are selected by the 4-bit register bank selector (RBS). During reset, the RBS is
initialized to “0”. The bank selected by the RBS is called the current bank.

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

Example 1: Incrementing the RBS
INC (003FH) ;RBS«RBS + 1
Example 2: Reading the RBS
LD A, (003FH) ;A <« RBS(The flags are simultaneously read in this instruction.)

Highly efficient programming and high speed task switching are possible by using bank changeover to
save registers during interrupt and to transfer parameters during subroutine processing. During
interrupt, the RBS is automatically saved onto the stack. The bank used before the interrupt is
automatically restored by executing an interrupt return instruction [RETIJ/[RETN] ; therefore, there is no
need for the RBS save/restore software processing.

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

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

1.6 Program Status Word (PSW)
The program status word (PSW) consists of a register bank selector (RBS) and flags, and the PSW is
assigned to address 003Fy in the SFR.
The RBS can be read and written 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, PSW is saved to the stack with the program counter. The PSW is restored from the stack
by executing return instructions [RETI]/[RETN].
[PUSH PSW] and [POP PSW] are the PSW access instructions.

1.6.1 Register Bank Selector (RBS)

. . . . 7 6 5 4 3 2 1 0
The register bank selector (RBS) is a 4-bit register used to select -

general-purpose register banks. For example, when RBS =2, JF ZF CF HF © RBS
bank 2 is currently selected. During reset, the RBS is initialized to
0", Figure 1-6. PSW (Flags, RBS)

Configuration
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1.6.2 Flags (FLAG)
The flags are configured with the upper 4 bits: a zero flag, a carry flag, a half carry flag and a jump status
flag. The flags are set or cleared under conditions specified by the instruction. These flags except the
half carry flag are used as jump condition “cc” for conditional jump instructions [JR cc, $ + 2 +d], [JRS cc,
$ + 2 +d]. After reset, the jump status flag is initialized to “1", other flags are not affected.

(1) Zero flag (ZF)
The ZF is set to “1” if the operation result or the transfer data is 00y (for 8-bit operations and data
transfers)/0000y (for 16-bit operations); otherwise the ZF is cleared to “0”.
During the bit manipulation instructions, the ZF is cleared to “0” if the contents of the specified bit is
“1". This flag is set to “1” when the upper 8 bits of the product are 004 during the multiplication
instruction, and when 00y for the remainder during the division instruction; otherwise it is cleared
to “0".

(2) Carry flag (CF)
The CFissetto “1" when a carry occurred during addition or a borrow 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 (quotiont-overflow error). The CF is
also affected during the shift/rotate instructions. The data shifted out from a register is set to the CF.
This flag is also a 1-bit register (a boolean accumulator) for the bit manipulation instructions.
Set/clear/invert are possible with the CF manipulation instructions.

Example: Bit manipulation (The result of exclusive-OR between bit 5 content of address 07 and
bit 0 content of address 9Ay is written to bit 2 of address 014.)
LD CF, (0007H).5 ; (0001H)2 « (0007H)5 3 (009AR)0
XOR CF, (009AH) .0
LD (0001H) . 2, CF

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

Example: BCD operation
(The A becomes 47y after executing the following program when A =19y, B =28y.)
ADD A, B ;Ae—41y, HF < 1,CF=0
DAA A ;A< 41y + 06y = 474 (decimal-adjust)

(4) Jump status flag (JF)
The JF is usually set to “1”. Zero or carry information is set to the JF after operation. The JF provides
the jump condition for conditional jump instructions [JRT/F, $+2=d], JRST/F,$+2+d] (TorFisa
condition code).

Example: Jump status flag and conditional jump instruction

INC A
JRS T, SLABLE1 ; Jump when a carry is caused by the immediately
: preceding operation instruction.
LD A, (HL)
JRS T, SLABLE2 ; JFissetto “1” by the immediately preceding
: instruction, making it an unconditional jump
instruction.
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Example: The accumulator and flags becomes 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 “219AK", “00C541", “D74", “1”, and “0", respectively.

Instruction ACC‘;’R:P“” Flag.after.execu.tion Instruction ACC:’R:P“’" Flag_after_execu_tion
execution | JF i ZF i CF i HF execution | JF i ZF i CF i HF

ADDC A, (HL) 72 1501 i1 INC A 98 0io0i1io
SUBB A, (HL) 2 oo ROLC A 35 P01
CMP A, (HL) 9A 0 0 1 . 0 RORC A cD 0 0 0 0
AND A, (HL) 92 0:0 1 0 ADD WA, OF508H 16A2 1 : 0 1 : 0
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

1.7 Stack, 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] / [CALLVn], the return address is saved (the upper
byte is pushed first, followed by the lower byte). During software interrupt instruction [SWI] execution
or interrupt, the program status word is saved, then the return address is saved.
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 stack can be located anywhere within the data memory.

1.7.2 Stack Pointer (SP)

The stack pointer (SP) is a 16-bit register to point out the first
start address on the stack. The SP is post-decrement when a
subroutine call or a push instruction is executed, or when an
interrupt is accepted; and the SPC is pre-incremented when a
return or a pop instruction is executed. The stack deepens to
the direction of the lower address. Figure 1-8 shows the change
of the stack access and the SP.

The SPis 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).

MSB LSB
151413121110 9 8 765 43210

Stack Pointer (SP)

Figure 1-7. Stack Pointer

Example 1: To initialize the SP

LD SP, 013FH ; SP<-013FyH
Example 2: TO read the SP
LD HL, SP ; HL<SP

3-08-13 2001-01-22



TOSHIBA

TMP87C408/808/408L/808L

At execution of
a CALL/CALLV/CALLP
instruction

013Cy
013D
013E
013F

SP before
execution

\

SP after
execution

At acceptance
of interrupt
or

(a) Stacking order

At execution of

at execution of At execution of a RETI/RETN
a SWIl instruction a RET instruction instruction
013Cy 013Cy 013Cy
013D PC, 013D 013D PC, —p
PCy <thomr O13F | PCL —pm  O13E | PCy —pp°
—lup o1 |
O13F | PSW = 013F | PG T OBF [PV 0040,
: Stack
: depth
013Fy 013Dy 013Cy &
,L * ,L 013F
013Cy 013Fy 013Fy

(b) Stack depth

Figure 1-8. Stack

1.8 System Clock Controller
The system clock controller consists of a clock generator, a timing generator, a clock gear, and a stand-by

controller.
Clock gear control register ~ Timing generator control register
R Clock | CGCR TBTCR
P generator : 0030y Q ﬁ 94 goo36H
XIN HE: :
_| E:I : i (o fcgek]
§ , : Clock gear Timing
O v clock oscillator Stand-by controller
’_| T D : generator |
o Ty
........................................ %/—/
System clocks
0038, 0039y
[ syscr1 || syscr2
777 Clock generator control System control registers

Figure 1-9. System Clock Controller
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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.

The clocks (fc) can be easily obtained by connecting a resonator between the XIN/XOUT pins. Clock input
from an external oscillator is also possible.

XIN XOUT XIN XOUT
‘ (open)
(a) Crystal/Ceramic (b) External oscillator
resonator

Figure 1-10. Example of Resonator Connection

Note: Accurate Adjustment of the Oscillation Frequency:
Although no hardware to externally and directly monitor the basic clock pulse is provided, the
oscillation frequency can be adjusted by making the program to output fixed frequency pulses to
the port while disabling all interrupts and monitoring this pulse. With a system requiring
adjustment of the oscillation frequency, the adjusting program must be created beforehand.

1.8.2 Clock Gear

The clock gear selects the gear clock (fcgck) which provides the main system clocks supplied to the timing
generator from fc, fc/2, fc/4 and fc/8. Power consumption can be reduced by switching of the gear-clock
from fc to fc/2, fc/4 and fc/8. The clock gear consists of a divided-by-8 prescaler with a multiplexer.

Prescaler
clock (f¢) 1123
fc/8 feack
cgc o
—— = Timing generator
fc/a MPX ag
fc/2
fc
a 00030y
CGCR
Clock gear control register Note: MPX; Multiplexer

Figure 1-11. Configuration of Clock Gear
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7 6 5 4 3 2 1 0
(Ocog?ng) | 0 | 0 | 0 | ____________ | . FCGCK . | (Initial value: 000* 1000)
FCGCK Gear clock selection (write) O*xx:reserved
/ gear clock monitor (read) 1000: fc
1001:fc/2
1010: fc/4
1011:fc/8 RIW

1100: reserved
1101:reserved
111*:reserved

Notel: fc, High-frequency clock *; Don’t care
Note2: Bit4in CGCRis always read in as “1” when a read instruction is executed.
Note3: Alwayssetbit 7 to 5 to "0”

Figure 1-12. Clock gear control register

FCGCK © 1000 X 1011
Instruction X LD (CGCR), OBy X : X
execution : '

fegek = fe i Gear clock changing fegck =fe/8

Figure 1-13. Example of clock exchangeable timing by clock gear

1.8.3 Timing Generator
The timing generator generates from the basic clock (fc) or the gear clock (fcgck) the various system
clocks supplied to the CPU core and peripheral hardware. The timing generator provides the following
functions:

@® Generation of main system clock

@ Generation of divider output (DVO) pulses

@ Generation of source clocks for time base timer

@ Generation of source clocks for watchdog timer

® Generation of internal source clocks for timer/counters
® Generation of internal serial clock of serial interface

@ Generation of warm-up clocks for releasing STOP mode

(1) Configuration of Timing Generator
The timing generator consists of a 21-stage divider with a divided-by-2 prescaler. During reset and at
releasing STOP mode, the divider is cleared to “0”, however; the prescaler is not cleared.

Note: Even if the main system clock is changed by the clock gear, the output from the divider is not
changed. The peripheral circuit using high-speed divider output (1st output) can not be used
when the main system clock slows down.
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Timer/
Counters

Serial
Interfaces

Clock

fc

Prescaler

CLOCK Gear

fcgek

Divider

1

2

fc/4 112l

415

fc/28

Machine cycle counters

Divider

10[11[12]13[14

15]16(17]18[19]20

Stand-by
controller

Watchdog
Timer

Timer Base
Timer

Divider
output circuit

(2) Machine Cycle
Instruction execution and built-in hardware operation are synchronized with the system clock.
The minimum instruction execution unit is called an “machine cycle”. There are a total of 10
different types of instructions for the TLCS-870 Series: ranging from 1-cycle instructions which
require one machine cycle for execution to 10-cycle instructions which require 10 machine cycles for
execution.
A machine cycle consists of 4 states (S0 to S3), and each state consists of one main system clock.

Figure 1-14. Configuration of Timing Generator

Main System Clock —i I

1/ fegek [s]

1
re——————>

L

1
1
state | so | 1 2 | s3 so | st | s2 s3 |
| 1
E(—Machinecycle—ﬁ
Figure 1-15. Machine Cycle

Table 1-1. Machine Cycle Example
Frequency Machine cycle

fegck = fc fegck = fc/2 fcgck = fc/a fcgck = fc/8
fc=8 MHz 0.5 us 1us 2 us 4 us
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1.8.4 Stand-by Controller
The stand-by controller starts and stops the oscillation circuits. These modes are controlled by the system
control registers (SYSCR1, SYSCR2). Figure 1.16 shows the operating mode transition diagram and Figure
1.17 shows the system control registers.

(1) Operation mode
The machine cycle time is 4/fcgck [s]

@ NORMAL mode
In this mode, both the CPU core and on-chip peripherals operate. The
TMP87C408/808/408L/808L is placed in this mode after reset.

@ IDLE mode
In this mode, the CPU and the watchdog timer are halted; however, on-chip peripherals
remain active. IDLE mode is started by the system control register 2, 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 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 input output ports can be set to either
output hold or high-impedance under software control.
STOP mode is started by the system control register 1, and STOP mode is released by STOP
input pin (either level-sensitive or edge-sensitive can be selected). After the warming-up
period is completed, the execution resumes with the next instruction which follows the
STOP mode start instruction.

RESET

reset release

instruction instruction
IDLE mode € NORMAL ? STOP mode
mode
interrupt release input

Mode Transition Diagram

Operating Oscillation Peripheral Machine cycle
o CPU core o ]
mode circuit circuit time
RESET reset reset
turning on
NORMAL oscillation operate 4/ fcgck [s]
operate
IDLE
Turning off halt
sTOP oscillation halt T

Figure 1-16. Operating Mode Transition Diagram
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SYSCR1
(0038})

SYSCR2
(0039y)

System Control Register 1

| STOP | RELM | 0 IOUTEN| wuT (Initial value: 0000 00%*x)

0: CPU core and peripherals remain active
STOP STOP mode start 1: CPU core and peripherals are halted
Release method for STOP [ 0: STOP pininputrising edge release
RELM CTAD mi P
mode 1: STOP pin input “H” level release
OUTEN Port output control during | 0: High-impedance R/W
STOP mode 1: Remain unchanged
00: 3x2'"/fc
Warming-up time at 01: 2%/ ¢
WUT . . 1
releasing STOP mode 10: 3x2™/fc
11: 2"/ f¢

Note 1: Always set bit 5 to “0”.

Note 2: Bits 1,0 in SYSCR1 is read in as undefined value when a read instruction is executed.

Note3:fc ; Clock [Hz]
* ; don’t care

Note 4: When the STOP mode is started by specifying OUTEN = “"0”, the internal input of port is fixed to “0” and
the interrupt of the falling edge may be set.

System Control Register 2

5 4 2 1 0
| XEN l 0 I 0 (Initial value: 1000 *x*x)
XEN High-frequency oscillator 0: Turn off oscillation
control 1: Turnon oscillation

IDLE | IDLE mode start ?: CPU, WDT operate

: CPU, WDT halt (IDLE mode start)

Note 1: A reset is applied if XEN is cleared to “0”.

Note 2: Always set bit 6, 5 to "0”.

Note 3: WDT ; Watchdog timer, *; Don’t care

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

Figure 1-17. System Control Registers 1, 2
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1.8.5 Operating Mode Control
(1) STOP mode (STOP)

STOP mode is controlled by the system control register 1 and the STOP pin input. The STOP pin is also
used both as a port P76 and an INT5 (external interrupt input 5) pin. The STOP mode is started by

setting STOP (bit 7 in SYSCR1) to “1”. During STOP mode, the following status is maintained.

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

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

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

@ The program counter holds the address of the instruction after the following instruction

which started the STOP mode. [for example, SET (SYSCR1).7]

STOP mode includes a level sensitive release mode and an edge-sensitive release mode, either of

which can be selected with RELM (bit 6 in SYSCR1).

a. Level-sensitive release mode (RELM = 1)

In this mode, STOP mode is released by setting the STOP pin high. This mode is used for

capacitor back-up when the main power supply is cut off and long term battery back-up.

When the STOP pin input is high, executing an instruction which starts the STOP mode will not
place in STOP mode but instead will immediately start the release sequence (Warm-up). Thus, to

confirm that the STOP pin inputis low. The following method can be used for confirmation:
Using an external interrupt input INT5 (INT5 is a falling edge-sensitive input).

Example: Starting STOP mode with an INT5 interrupt.

PINT5: TEST (P7).6 ; To reject noise, the STOP mode does not start if
JRS F, SINT5 port P76 is at high.
LD (SYSCR1), 01000000B ; Sets up the level-sensitive release mode.
SET  (SYSCR1).7 ; Starts STOP mode
LDW (IL),1110011101010111B ;IL12,11,7,5, 3 « 0 (clears interrupt latches)
SINT5: RETI
\ i
STOP pin ( ]L Vin \
' g |
XOUT pin h
1
1 1 1
NORMAL ' STOP mode ' Warm-up  —»l<«—— NORMAL operation
operation ] ;
Confirm by program that STOP mode is release by the hardware.
the STOP pin input is low (Always released if the STOP
and start STOP mode. . —_
pininputis high.
Figure 1-18. Level Mode
Note 1:  After warm-up start, even if STOP pin input is low again, STOP mode does not restart.
Note2: When changing to the level-sensitive release mode from the edge-sensitive release mode, the release

mode is not switched until a rising edge of the STOP pin input is detected.
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b. Edge mode (RELM ="0")
In this mode, STOP mode is released by a rising edge of the STOP pin input. This is used in
applications where a relatively short program is repeatedly executed at periodic intervals. This
periodic signal (for example, a clock from a low-power consumption oscillator) is input to the
STOP pin.
In the edge-sensitive release mode, STOP mode is started even when the STOP pin input is high.

Example : Starting STOP mode operation in the edge-sensitive release mode
LD (SYSCR1), 00000000B ; OUTEN « 0 (specifies high-impedance)

DI ;IMF <0
SET  (SYSCR1). STOP ; STOP « 1 (activates STOP mode)
LDW (IL), 1110011101010111B ;IL7, 5, 3 « 0 (clearsinterrupt latches)
El JIMF <1
T | {§
s F\ A\ \
i % : /L
XOUT pin ] m
: ! NOR’I\;IAL [

1
NORMAL __5le  STOPmode —>l< Warm-up >l
operation /
STOP mode started

by the program.

operation7b(_ STOPmode —

STOP mode is released by the hardware at the rising
edge of STOP pin input.

Figure 1-19. Edge-sensitive Mode

STOP mode is released by the following sequence:

@® The oscillator is turned on.

@ A warming-up period is inserted to allow oscillation time to stabilize. During warm-up, all
internal operations remain halted. Four different warming-up times can be selected with
WUT (bits 3 and 2 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. The start is made after the divider of the timing
generator is cleared to "0".

Table 1-2. Warming-up Time example

Warming-up Time [ms]
WUT at fc =4.194304 MHz at fc=8 MHz
00 46.87 24.57
01 15.62 8.19
10 11.73 6.15
11 3.91 2.05

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

STOP mode can also be released by setting the RESET pin low, which immediately performs the
normal reset operation.
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observed.

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

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

(2) IDLE mode (IDLE)
IDLE mode is controlled by the system control
register 2 (SYSCR2) 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, PSW, 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 after the following
instruction which started IDLE mode.

Example : Starting IDLE mode.
SET (SYSCR2). 4

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.

a. Normal release mode (IMF ="0")

IDLE mode is released by any interrupt source
enabled by the individual interrupt enable flag
(EF) or an external interrupt 0 (INTO) request.
Execution resumes with the instruction
following the IDLE mode start instruction. The
interrupt latch (IL) of the interrupt source for a
releasing the IDLE mode cleared to “0” by load
instruction.

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

Y

Starting IDLE mode
by instruction

CPU, WDT are halted

No
Interrupt request
Normal ) v
es

release mode

Interrupt processing

—]

Execution of the
instruction which follows
the IDLE mode start
instruction

<

Reset

Yes (Interrupt release mode)

Figure 1-21. IDLE Mode

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

which started IDLE mode.

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

reset operation.

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

Interrupt Controller

The 87C408/808/408L/808L each have a total of 10 interrupt sources: 4 externals and 6 internals. Nested
interrupt control with priorities is also possible. Two of the internal sources are pseudo non-maskable
interrupts; the remainder are all maskable interrupts.

Interrupt latches (IL) that hold the interrupt requests are provided for interrupt sources. Each interrupt
vector is independent. The interrupt latch is set to “1” when an interrupt request is generated and
requests the CPU to accept the interrupt. The acceptance of maskable interrupts can be selectively
enabled and disabled by the program using the interrupt master enable flag (IMF) and the individual
interrupt enable flags (EF). When two or more interrupts are generated simultaneously, the interrupt is
accepted in the highest priority order as determined by the hardware. Figure 1-23 shows the interrupt
controller.

Table 1-3. Interrupt Sources

Interrupt |Vector Table
Interrupt Source Enable Condition Latch Address Priority

nternal /| (Reset) Non-Maskable — FFFEy | High 0
Internal | INTSW  (Software interrupt) Pseudo non- — FFFCH 1
Internal [ INTWDT (Watchdog timer interrupt) maskable IL; FFFAY 2
External [INTO (External interrupt 0) IMF=1, INTOEN =1 IL3 FFF8y 3
Internal | INTTC1  (16-bit timer/counter 1interrupt) |IMF-EF;=1 ILg FFF6y 4
External |[INT1 (External interrupt 1) IMF - EF5 =1 ILs FFF4y 5
Internal | INTTBT (Time base timer interrupt) IMF - EFg =1 ILg FFF2y 6
External |INT2 (External interrupt 2) IMF - EF7 =1 ILy FFFOH 7

RESERVED
Internal | INTSIO  (Serial interface interrupt) IMF - EFg =1 ILg FFECy 8

RESERVED

RESERVED

RESERVED

RESERVED
Internal | INTTC2  (16-bit timer/counter 2 interrupt) IMF - EFq4=1 ILq4 FFE2y 9
External | INT5 (External interrupt 5) IMF - EFq5=1 IL15 FFEOH Low 10
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(1) Interrupt Latches (IL15to L)

Interrupt latches are provided for each source, except for a software interrupt. The latch is setto “1”
when an interrupt request is generated, and requests the CPU to accept the interrupt. The latch is
cleared to “0” just after the interrupt is accepted. All interrupt latches are initialized to “0" during
reset.

The interrupt latches are assigned to addresses 003C 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 IL2 for a watchdog timer
interruptto “0”). Thus, interrupt requests can be canceled and initialized by the program. Note that
interrupt latches cannot be directly set to “1” by any instruction. The contents of interrupt latches
can be read out by an instruction. Therefore, testing interrupt requests by software is possible.

Example 1: Clears interrupt latches

LDW (IL), 1111110100111111B; ILg to ILg<—0
Example 2: Readsinterrupt latches

LD WA, (IL) sWelly, Al
Example 3: Tests an interrupt latch
TEST (IL).7 ;IL7=1then jump

JR F, SSET

SSET:
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(2) Interrupt Enable Register (EIR)

The interrupt 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.

The EIR consists of an interrupt master enable flag (IMF) and individual interrupt enable flags (EF).
These registers are assigned to addresses 003Ay 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.
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 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 IMF remains “0” when cleared by the interrupt
service program.

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

Individual Interrupt Enable Flags (EF15 to EFg)

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

Example 1: Sets EF for individual interrupt enable, and sets IMF to “1”

LDW (EIR), 1100000010100001B ; EFys, EF14, EF7, EF5, IMFe1

Example 2:  Setsan individual interrupt enable flag to “1”

SET (EIRH).1 ;  EFge=1

Interrupt latch

IL : :
(ooacH,oo3DH)| ILys : Mg :

Interrupt enable register

15 14 13 12 11 10 9 8 7 6 5 4 3
0 i 0 i 0 i 0 illg: 0 |y illg ils illg Iy

IL, (003Cy)
(Initial value: 00000000 000000%*)

Ly (003Dy)

{EFiai O : O : O | O (EFg: O | EF, i EFg i EFs i EFg | : : IMF

EIR [eF .
(003AH:003BH) 15 - - - - - - - - d e e e

EIR_ (003Ay)

EIRy (0038
H (00384) (Initial value: 00000000 0000*0)

Note 1: Do not use any read-modify-write instruction such as bit manipulation for clearing IL.
Note 2: Do not clear the IL2 by an instruction.
Note 3: Do notset IMF to “1” during non-maskable interrupt service programs.

Figure 1-24. 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 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](pseudo non-maskable interrupts). Figure 1-
25 shows the timing chart of interrupt acceptance and interrupt return instruction.
(1) Interrupt acceptance
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 o “0"

@ The contents of the program counter and the program status word are saved (pushed) onto
the stack. (pushed down in order of PSW, PCy, PC)). The stack pointer (SP) is three
decrements.

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

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

Interrupt service task

N 1 O T T (O RO B

1 machine cycle

< |

Al

1 1
] 1
i i !
Interrupt | ' i
signal H 1 | 1
1 1 1
1 1 :
Interrupt 1 : ! !
latch 1 1 1 I
1 1 : [}
| | 1
IMF ! \Yl : 7 I !
1 1 1
' ! : \ !
Ier;(séc?dgﬂt(l)on x Ier;?&ﬁ%%%n X Interrupt acceptance rl(sé‘?dﬁ(')?,” RETI instruction execution X
rc = X a COE NN \@ COEN
SP n - n

Note 1: a; return address 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
38/fcgckls]. It equals to setting the IL on the first machine cycle in 10 cycles instruction execution.

Figure 1-25. 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

F203y
F204y

3-08-29 2001-01-22



TOSHIBA TMP87C408/808/408L/808L

A maskable interrupt is not accepted until the IMF isset to “1” even if a maskable interrupt of higher
priority than that of the current interrupt being serviced. In case of nested interrupt service is
necessary, the IMF is set to “1” in the interrupt service program. In this case, acceptable interrupt
sources are selectively enabled by the individual interrupt enable flags. However, an acceptance of
external interrupt 0 cannot be disabled by the EF, therefore, if disablement is necessary, either the
external interrupt function must be disabled with the external interrupt control register (INTOEN) or
interrupt processing must be avoided by the program. (When INTOEN =0, the interrupt latch IL3 is
not set, therefore, the falling edge of the INTO pin input cannot be detected.)

Example 1: Disables an external interrupt 0 using INTOEN:

CLR (EINTCR). INTOEN ;INTOEN<-0

Example 2: Disables the processing of external interrupt 0 under the software control (using bit 0 at

(2)

address 00F0y as the interrupt processing disable switch):

PINTO: TEST (OO0FOW).0 ; Returnswithoutinterrupt processing if (00FOQ)g = 1.
JRS T, SINTO
RETL e,

SINTO: Interrupt processing_:
RETI

VINTO: DW PINTO

General-purpose register save / restore
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, itis not necessary for a program to save the RBS.

Example: Register Bank Changeover

PINTxx : b RBS, n ,:_éwitches to bank n (1 s at 8 MHz)
: Interrupt processing :
RETI ; Restores bank and Returns
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@ General-purpose register save / restore using push and pop instructions:
To save only a specific register, and when the same interrupt source occurs more than once,
the general-purpose registers can be saved/restored using push/pop instructions.

Example: Register save using push and pop instructions
PINTxx : PUSH WA ; Save WA register pair
PUSH .| HL o, ; Save HL register pair
:...Interrupt processing _ :
POP HL ; Restore HL register pair
POP WA ; Restore WA register pair
RETI ; Return
Address (Example)
'''''''''''''''''''''''''''''''''''''''' Pl I ] 01384
L 0139
e L H e | OT3A
A 0138
P S s I | 013C
PC_ PC_ PC. 013D
....... s B e s pYber
PR P O e IO L1

At execution of an interrupt
return instruction

At execution of a pop
instruction of WA
register

At execution of a push
instruction of WA
register

At acceptance of
an interrupt

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

Example: Saving / Restoring registers by data memory transfer instructions

PINTxx: LD . [(GSAVA) A _ ; Save Aregister
;. Interrupt processing
LD A, (GSAVA) ; Restore Aregister
RETI ; Return
Main task Main task
Acceptance  Interrupt Acceptance  Interrupt
Bank m [|ofinterrupt  servicetask of interrupt  service task
m Switch to bank n by Saving
) [LD RBS, n] instruction registers
n
.......................
m Interrupt return Restore I?ank .
automatically by Restoring
interrupt return registers

instruction = ==0 gy
Interrupt return

(b) Saving/Restoring using push/pop transfer instructions

(a) Saving/Restoring by register bank changeover

Figure 1-26. Saving/Restoring General-purpose Registers
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(3) Interruptreturn
The interrupt return instructions 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

the program status word are restored program status word are restored from
from the stack. the stack.
@ The stack pointer is incremented 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, "1" only when a non-maskable interrupt
is accepted in interrupt enable status.
However, the interrupt master enable flag
remains at “0” when so clear by an
interrupt service program.

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

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

1.9.2 Software Interrupt (INTSW)
Executing the [SWI] instruction generates a software interrupt and immediately starts interrupt
processing (INTSW is highest prioritized interrupt). However, if processing of a non-maskable 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.

Note: Software interrupt generates during non-maskable interrupt processing to use SWI instruction
for software break in a development tool.

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 FF4 to unused areas of the program memory. Address-trap-
reset is generated for instruction fetch from a part of RAM area (addresses 0040 to 013Fy) or
SFR area (0000 to 003Fy).

Note: The fetch data from addresses, BF80 to BFFFy for 87C408/808/408L/808L and
87P808/808L is not “FFy”, because the outgoing test ROM is contained.

@ Debugging
Debugging efficiency can be increased by placing the SWI instruction at the software break
point setting address.
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1.9.3 External Interrupts
The 87C408/808/408L/808L each have four external interrupt inputs. Two of these are equipped with
digital noise rejection circuits(pulse inputs of less than a certain time are eliminated as noise).
Edge selection is also possible with INT1, INT2 pin. The INTO / P10 pin can be configured as either an
external interrupt input pin or an input/output port, and is configured as an input port during reset.
Edge selection, noise rejection control and INTO / P10 pin function selection are performed by the
external interrupt control register.

Table 1-4. External Interrupts

Source Pin fﬁﬁi‘t’i’;‘iag%’n Enable conditions Edge Digital noise rejection circuit
INTO INTO P10 IMF=1, INTOEN = 1 Fallingedge | — (Hysteresisinput)

Pulses of less than 15/fc or 63/fc[s]
] are eliminated as noise. Pulses
INT1 INT1 P11 IMF - EF5 =1 Fallingedge | equal to or more than 48/fc [s] or

192/fc [s] are regarded as signals.

or
Risingedge | 2L e 0 ae moise. Pulses eaual 1o
INT2 INT2 P12/7C1 IMF - EF7 =1 or more than 24/fc [s] are regarded
as signals.
INTS INT5 P76/STOP IMF - EFq5=1 Falling edge — (Hysteresis input)

Note 1: The noise rejection function is also affected to detect the edge of Timer/ Counter input (TC1 pin).
Note 2: The pulse width (both “"H” and “L” level) for input to the INTO and INT5 pins must be over 1 machine cycle.

INTO/INTS input |

nTL : tNTH P tNTL tinTH > teyce
Note: tcyc = 4/fcgck [s] at NORMAL, IDLE mode

Note 3: 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:

@ INT1 pin 49/fc[s] (at INTINC = 1), 193/fc [s] (at INTINC =0)
@ INT2 pin 25/fc [s]

Note 4: When INTOEN =0, the interrupt latch ILz is not set even if the falling edge of INTO pin input is detected.

Note 5: 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 P76 (STOP / INT5) which are also used as ports may be set
to “1”. To specify high-impedance for port output in STOP mode, first disable inteerupt 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), 010000008 ; OUTEN<O (Specifies High-impedance)
DI ; IMF&<-0

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

LDW (IL), 1111111101010111B ; IL7, 5, 3«0 (Clears interrupt latches)

El s IMFe1
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TR L 6 5.4 3 2 1 0
INT1 INTO
(00375)

INTINC [INT1 noise reject time select

(Initial value: 00%* *00*)

0: Pulses of less than 63/fc [s] are eliminated as noise
1: Pulses of less than 15/fc [s] are eliminated as noise
0: P10 input/ output port

1: INTO pin (Port P10 should be set to an input mode.)

INTOEN | P10/INTO pin configuration

INT2 ES 0: Rising edge
INT2, INT1 edge select .
INT1ES 1: Falling edge

Note: fc, clock [Hz] =*,Don’t care

Figure 1-27. External Interrupt Control Register

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 a reset output or a non-
maskable interrupt request. However, selection is possible only once after reset.
After reset, the signal is initialised to the reset output.
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.
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1.10.1 Watchdog Timer Configuration

Reset release

fc/28 —> § Binary Counter LR
27— T [ Clock
K;;w — ] v i Overflow J_)Houtput Reset output
w —_—
fc/27 — > » Cear | 1| 2 —1s Q—| >—]RESET
>
Interrupt request
2// ;; ) Prrea INTWDT
Internal reset
Q
S R
WDTEN | ! Writing Writing
WDTT . WDTOUT
disable code | clear code

Controller

0034H 0035H

WDTCR1 WDTCR2

Watchdog Timer Control Registers

Figure 1-28. Watchdog Timer Configuration

1.10.2 Watchdog Timer Control
Figure 1-29 shows the Watchdog Timer control registers. The Watchdog Timer is automatically enabled

after reset.

(1) Malfunction detection methods using the Watchdog Timer

The CPU malfunction is detected as follows.

@ Setting the detection time, selecting output, and clearing the binary counter.

@ Repeatedly clearing the binary counter within the setting detection time.
If the CPU malfunction occurs for any cause, the Watchdog Timer output will become active at the
rising of an overflow from the binary counters unless the binary counters are cleared. At this time,
when WDTOUT = 1 a reset is generated, which drives the RESET pin to reset the internal hardware.
When WDTOUT =0, a Watchdog Timer interrupt (INTWDT) is generated.
The Watchdog Timer temporarily stops counting in the STOP mode including warm-up or IDLE mode,
and automatically restarts (continues counting) when the STOP / IDLE mode is released.
Example: Setsthe Watchdog Timer detection time to 221/fc[s] and resets the CPU malfunction.

LD (WDTCR2), 4EH ; Clearsthe binary counters
LD (WDTCR1), 00001101B ; WDTT«10, WDTOUT«1
o — LD (WDTCR2), 4EH ; Clearsthe binary counters
\é\é';cgc'?ingT : (Always clear immediately after changing WDTT)
time :
= LD (WDTCR2), 4EH ; Clearsthe binary counters
Within WDT :
detection
time i
LD (WDTCR?2), 4EH ; Clearsthe binary counters
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Watchdog Timer Control Register 1
5 3 2 1 0

‘TwoT WDT i
R WRTT ouT (Initial value ***x* 1001)

WDTEN Watchdog timer enable /| 0: Disable (itisnecessary to write the disable code to WDTCR2.)

disable 1: Enable
00: 2%5/fc  [s] .
Watchdog timer detection | 01: 223/1c write
WDTT | time 10: 22/ ¢ only
11: 2¥/f¢
WDTOUT Watchdog timer output| O: Interruptrequest

select 1: Reset output

Note 1: WDTOUT cannot be set to “1” by program after clearing WDTOUT to “0”.
Note 2: fc; clock[Hz] *,; Don’t care
Note 3: WDTCRI1 is a write-only register and must not be used with any of read-modify-write instructions.
Note 4: Disable the Watchdog Timer or clear the counter just before switching to STOP mode.
When the counter is cleared just before switching to STOP mode, clear the counter again
subsequently to releasing STOP mode.

Watchdog Timer Control Register 2

7 6 5 4 3 2 1 0
"2{,%;‘;52 | : é § : : : : | (Initial value **%% xxx)
4E,:  Watchdog Timer binary counter clear
. (clear code) .
WDTCR2 Watchc!og Tllmer control B1y: Watchdog Timer disable wrllte
code write register . only
(disable code)
Others: Invalid

Note 1: The disable code is invalid unless written when WDTEN =0.

Note 2: » ; Don’t care

Note 3: Since WDTCR2 is a write-only register, read-modify-write instructions (e.g., bit manipulating instructions
such as SET of CLR and arithmetic instructions such as AND or OR) cannot be used for read/write to this
register.

Note 4: To clear the binary counter doesn’t initialize the source clock, therefore, it is recommended to clear the
binary counter within 3/4 of the detection period.

Figure 1-29. Watchdog Timer Control Registers

(2) Watchdog Timer Enable
The Watchdog Timer is enabled by setting WDTEN (bit 3 in WDTCR1). WDTEN is initialized to “1"
during reset, so the Watchdog Timer operates immediately after reset is released.

(3) Watchdog Timer Disable
The Watchdog Timer is disabled by writing the disable code (B1H) to WDTCR2 after clearing WDTEN
(bit 3 in WDTCR1) to “0”. The Watchdog Timer is not disabled if this procedure is reversed and the
disable code is written to WDTCR2 before WDTEN is cleared to “0”. During disabling the Watchdog
Timer, the binary counters are cleared to “0".

Example: Disables Watchdog Timer
LDW (WDTCR1), 0B101H ;  WDTEN«O, WDTCR2«disable code

Table 1-5. Watchdog Timer Detection Time

Detection time
WDTT fc=8 MHz
00 41945
01 1.048 s
10 262.1ms
11 65.5ms
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1.10.3 Watchdog Timer Interrupt (INTWDT)
This is a pseudo non-maskable interrupt which can be accepted regardless of the contents of the EIR. If a
Watchdog Timer interrupt or a software interrupt is already accepted, however, the new Watchdog
Timer interrupt waits until the previous 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 Timerinterruptsetting up.
LD SP, 013FH ;  Setsthe 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 low to
reset the internal hardware. The reset output time is 12/fcgck to 16/fcgck [s] (1.5 to 2.0 s at 8 MHz, 3.0 to
4.0 us at4 MHz). The RESET pin is sink open drain input/ output with pull-up resistor.

2%/fc [s]

2"/fc

Clock | | [ [TwoTT=115)
Binary counter 1x 2 XEX o X 1 X 2 X 3 X 0

Overflow
INTWDT interrupt "
= ]

WDT reset output T (Hi-2) I("L” output)

Writes 4E to WDTCR2

Figure 1-30. Watchdog Timer Interrupt/Reset

1.11 Reset Circuit
TMP87C408/808/408L/808L each have four types of reset generation procedures: an External reset input,
an Address trap reset, a Watchdog Timer reset and a System clock reset.
Table 1.8 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 (maximum 16/fc[s] (2
s at8 MHz, 4 us at 4 MHz)).

Table 1-8. On-chip Hardware Initialization by Reset Action

On-chip Hardware Initial Value On-chip Hardware Initial Value
Prescaler and Divider of Timing
Program counter (PC) (FFFFy) - (FFFER) 0
generator
Register bank selector RBS 0
K (RBS) Watchdog Timer Enable
Jump status flag (JF) 1
Interrupt master enable flag (IMF) 0 ) Refer to I/0 port
o Output latches of input/output port | | |
Interrupt individual enable flags (EF) 0 circuitry
. Refer to control
Interrupt latches (IL) 0 Control register .
registers
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1.11.1 External Reset Input
The RESET pin contains a hysteresis input with an internal pull-up resistor. When the RESET pin is held at
low for at least 3 machine cycles (12/fcgck [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 FFFE to FFFFR.

VDD

RESET D——[§—> Reset input

Internal source .
<I| L Address trap detection |
reset output circuit

Sink open drain System clock detection |

Watchdog Timer |

Figure 1-31. Reset Circuit

1.11.2 Address Trap Reset
An Address trap reset is one of fail-safe function that detects CPU malfunction caused by noise or the like.
If the CPU attempts to fetch an instruction from a part of RAM or SFR, an internal reset will be generated.
Then, the RESET pin output will go low. The reset time is 12/fcgck to 16/fcgck [s] (1.5 to 2.0 us at 8MHz,
3.0t0 4.0 us at 4 MHz).

Instruc_ticn T a (reset release Xinstruction ataddressr
execution ! i

________ Address trap is occurred _________i______:______
RESET output 1 ("L" outpu) [ (Hi-2)

12/fcgck to 16/fcgcek [s] 4/fcgek to 16/fcgek [s] 16/fcgck [s]

Note 1: a is an address in on-chip RAM or SFR.
Note 2: During reset release, reset vector “r” is read out, and an instruction at address r is fetched and decoded.

Figure 1-32. Address Trap Reset

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

1.11.4 System Clock Reset
Clearing XEN to “0" stops a system clock, and causes CPU to deadlock. This can be prevented by
automatically generating a reset signal whenever XEN =0 is detected to continue the oscillation. Then
the RESET pin output goeslow . The reset time is 12/fcgck to 16/fcgck [s] (1.5 to 2.0 s at 8MHz, 3.0 to 4.0
us at 4 MHz).
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2.  On-Chip Peripherals Functions

2.1 Special function register (SFR) and Data Buffer Register (DBR)
The TLCS-870 Series uses the memory mapped I/0 system, and all peripheral control and data transfers
are performed through the special function registers (SFR) and data buffer registers (DBR).
The SFR are mapped to addresses 0000 to 003Fy, and the DBR to addresses OFF0 to OFF74. Figure 2-1
shows the 87C408/808/408L/808L SFR, DBR.
Address Read Write Address Read Write
0000y reserved 00204]sI0SR (SI0 status) SIOCR1 (5101 control)
01 21
02 22
03 23
04 24
05 25
06 26
07 27
08 28
09 29
0A 2A
0B 2B
0cC 2C
0D 2D
OE 2E
OF 2F STOPCR (Key Wake-up control)
10 30 CGCR (Clock Gear control)
11
12
13 e REG By ] B e e
14 Watchdog Timer )
15 control
16
17
18
19
1A
1B
1C
1D
1E
1F 7 3F [PSwW IRBS (Register bank selector)
(a) Special Function Register
Address Read Write
OFBO"J_L reserved J, Note 1: Do not access reserved areas by the program.
T S Note 2: — ; cannot be accessed.
OFEF ” Note 3: When defining address 003Fy with assembler
OFFO | symbols, use GPSW and GRBS.
FUo Note 4: Write-only registers and interrupt latches
F2 S10 i T cannot use the read-modify-write instructions
F3 transmitand receive (bit manipulation instructions such as SET,
F4 databuffer CLR, etc. and logical operation instructions
F5 (8byte) such as AND, OR, etc.)
:;‘75 ---------------------- Note 5: PSW ; Program Status Word
OFF8 reserved
to T ’ *
OFFF

(b) Data Buffer Registers

Figure 2-1. SFR & DBR
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2.2 1/OPorts
The 87C408/808/408L/808L each have 3 ports, 22 pin input/output ports.
@® P1port ;8-bitl/Oport (Externalinterruptinput, Timer/Counter input/output, and Divider
output)
@ Poport ;8-bitl/Oport (Analoginput, STOP mode release input)
@ P7port ;6-bitl/O port (Serial interface, External interrupt, Timer/Counter input / output,
and Analog reference power supply)
Each output port contains a latch, which holds the output data. All input ports do not have latches, so
the external input data should either be held externally until read or reading should be performed
several times before processing. Figure 2-2 shows input/output timing examples.
External data is read from an I/O port in the S1 state of the read cycle during execution of the read
instruction. This timing can not be recognized from outside, so that transient input such as chattering
must be processed by the program. Output data output changesin the S2 state of the write cycle during
execution of the instruction which writes to an I/0 port.

fetch cycle fetchcycle | readcycle |

I
I
SO S1 S2 S3 SO S1 S2 S3 SO S1 S2 S3

Instruc.tion Example: LD A, (x) |
execution cycle _— T R TR I S Y TR NN B I

Input strobe “nun - l_l -
Data input % W

(a) InputTiming

fetchcycle | fetchcycle | write cycle
I I 1 1

SO S1 S2 S3 SO S1 S2 S3 SO S1 S2 S3

Instruction

execution cycle _ | E)I(aml?le: I.'D |(X)'|A L L |

Output latchpulse .... I | feem

Data output L. X
(b) Outputtiming
Note: The positions of the read an write cycles may vary, depending on the instruction.

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

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

(1) Instructions that read the output latch contents
® XCH r, (src) ® LD (pp).b,CF
@ SET/CLR/CPL (src).b ® ADD/ADDC/SUB/SUBB/AND/OR/XOR (src),n
@ SET/CLR/CPL (pp).g @ (src)side of ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), (HL)
@ LD (src).b, CF
(2) Instructionsthat read the pin input data
Instructions other than the above (1) and (HL) side of ADD/ADDC/SUB/SUBB/AND/OR/XOR (scr), (HL)
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2.2.1 Port P1(P17 to P10)

Port P1 is an 8-bit input / output port which can be configured as an input or an output for each bit
individually. Input/output mode is specified by the port P1 input/output control register (P1CR). During
reset, the P1CR is initialized to “0”, which configures port P1 as an input. The P1 output latches are also

initialized to “0".

Port P1is also used as an External interrupt input, a Timer /
Counter input, and a Divider output. When used as
secondary function pin, the input pins should be set to the
input mode, and the output pins should be set to the
output mode and beforehand the output latch should be
setto “1”. Itis recommended that pins P11 and P12 should
be used as External interrupt inputs, Timer/ Counter input,
or input ports. The interrupt latch is set at the rising or
falling edge of the output when used as output ports. Pin
P10 can be configured as either an input / output ports

STOP

Data input

Dataoutput™|p g

oten >
P1CRi

with INTOEN or an External interrupt input. During reset, output latch P
. . . . Control
pin P10 is configured as an input port. output > —
Control
Z_6 5 4 3 2 1 0 nput Note:i=7t00
P1 P17 i P16 ; P15 ; P14 ; P13 ; PI2Z i P11 ; P10
(0001,)) :TC2 : PPG :DVO : TCi : INT1:INTO (Initial value: 0000 0000)
7 6 5 4 3 2 1 0
P1CR | : : : : : : : | (initial value: 0000 0000)
(000B,) : : : : : : :
P1CR 1/0 control for port P1 0: Input mode Write
(set for each bit individually) 1: Qutput mode only
Note: P1CR is a write-only register and must not be used with any of the read-modify-write instructions.
Figure 2-3. Port 1 and P1CR
Example: Sets P17, P16 and P14 as output ports, P13 and P11 as input ports, and the others as
function pins. Internal output datais “1" for the P17 and P14 pins, and “0" for the
P16 pin.
LD (EINTCR), 01000000B INTOEN<«1
LD (P1),10111111B ;. P17¢1, P14<«1, P16<0

LD  (P1CR), 11010000B

operate instruction.

Note: The port set to an input mode reads pin input state. When used with input/output modes,
output latch contents of the port set to an input mode may be placed by execution of bit
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2.2.2 Port P6 (P67 to P60)

Port P6 is an 8-bit general-purpose input/output port which can be configured as an input or an output
for each bit individually. P60 to P65 are also used as Analog inputs and P62 to P65 are also used as key
wake-up inputs. Input/ output mode is specified by port P6 input/output control register (P6CR) and
AINDS (bit 4 in ADCCR). During reset, P6CR issetto “0", AINDS isset to “1”, and port P6 is in input mode.
During reset, the output latches of port P6 is initialized to “0”. P6CR is write-only register. When port P6
is not used as analog input, it can be used input / output port. However output instructions must not be
performed to maintain the precision at using A/D converter. When the input instruction is executed to
port P6 during using A/D converter, "0” is read into the pin that selects Analog input, and “1" or 0" is
read into the pin that does not select Analog input, depending on the input level of pins. In the case of
using port P6 as key wake-up inputs, please refer to Section “2.9 Key wake up”.

(0006+) ™Pe7 : P66 : P65 : P64 | P63 : P62 . P61 | P60

Analoginput ()
STOP _—0‘30_
OUTEN
AINDS _—OD_‘
SAIN 4|__°D—
P6CRi ¢

Read D |
Data input

d!
~

Data output

~
'l\/ [ ] p6iGi=0to5)
Key wake-up input 4—0@— P6i (i=2t0 5)

P6CRi
my J
|

Data input

Data output D Q

\ D P6i (i = 6, 7)

Qutput latch

7 6 5 4 3 2 1 0

© AIN5 | AIN4 | AIN3 | AIN2 | AINT | AINo | (Initial value: 0000 0000)
:STOP5 : STOP4 : STOP3 : STOP2 =

P6CR 7 6 5 4 3 2 1 0
(000CH) | : : : : : : : | (Initial value: 0000 0000)
I/0 control for port P6 0: Input mode Write
P6CR | (set for each bitindividually) | 1: Output mode only

Note 1: Used analog input pins or key wake-up input must be configured as input mode.
Note 2: P6CR is a write-only register and must not be used with any of the read-modify-write instructions.

Figure 2-4. Port P6 and P6CR

Note: The port set to an input mode reads pin input state. When used with input/output modes,

output latch contents of the port set to an input mode may be placed by execution of bit operate
instruction.
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2.2.3 Port P7 (P77 to P72)
Port P7 is a 6-bit general-purpose input / output port which can be configured as either input or output
for each bit individually. Input / output mode is specified by port 7 input / output control register 1
(P7CR1). Input/output circuit is specified by port 7 input/ output control register 2 (P7CR2). During reset,
P7CR1 is cleared to “0”, and port P7 is configured as an input mode. The output latches are initialized to
“0". P7CR1 is write-only register. It is recommended that pin P76 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 output pulse.
P77 is used as an analog reference power suppy pin (VAREF) if an analog input is enabled (AINDS =0).

OUTEN
P7CR1i
. 1
Datainput ~
P7CR2i

‘q_l

=
=

Dataoutput—>|D Q ¢

Control input

3

|/

@_

[ priGi=2t05)

P76 (INT5/STOP)

STOP

__oD° VAREF

OUTEN
P7CR17

—

Data input
P7CR27

1
~

?

Dataoutput—>D Q ¢ P77 (VAREF)
AINDS [>o
P7 7 6 5 4 3 2 1 0
(0007y) | P77 : P76 : P75 : P74 : P73 i P72 :
S INTS : (Initial value: 0000 00%**)
P7CR1 7 6 5 4 3 2 1 0
(000Dy) | : : : : - - (Initial value: 0000 00**)
P7CR1 1/0 control for P7 0: Input mode Write
(set for each bit individually) 1: Qutput mode only
P7CR2 7 6 5 4 3 2 1 0
(0027y) | : : : : - i - | (Initial value: 1111 11x%)
1/0 control for P7 0: Opendraininput/output
P7CR2 N . . R/W
¢ (set for each bit individually) 1: Tri-state input/ output
Note: P7CR1 is a write-only register and must not be used with any of the read-modify-write instructions.

Figure 2-5. Port P7 and P7CR
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Note 1: The port set to an input mode reads pin input state. When used with input/output modes,
output latch contents of the port set to an input mode may be placed by execution of bit
operate instruction.

Note 2: In case of using port P65 to P62 as key wake-up input, P76 pin must be used as input only (in
cluding INT5/STOP), must not be used as output port.

Note 3: *# ; Don’t Care

Example: The lower 2-bit of Port P7 is set to an output port and the others are set to an input
port.
LD (P7CR1), OFH ; P7CR1<00001111
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2.3 Time Base Timer (TBT)

The time-base timer is used to generate the
base time for key scan and dynamic display
processing. For this purpose, it generates a
time-base timer interrupt (INTTBT) at
predetermined intervals.

This interrupt is generated beginning with
the first rising edge of the source clock (the
timing generator’s divider output selected
by TBTCK) after the time-base timer is
enabled. Note that since the divider cannot
be cleared by a program, the first interrupt
only may occur earlier than the set
interrupt period. (See Figure 2-6, (b).)
When selecting the interrupt frequency,

make sure the time-base timer is disabled.

TBTEN

(Do not change the selected interrupt

frequency when disabling the active timer

INTTBT

either.) However, you can select the
interrupt frequency simultaneously when
enabling the timer.

fc/2%3
fc/ 2%
fc/2'6
fcr214
fc/213
fcr212
fe/2M
fe/2°

Source clock

Source
clock

Rising
edge
detector

INTTBT
> interrupt
request

Selector

TYYYTTTY

3

TBTCK TBTEN

TBTCR
Time Base Timer Control Register
(a) Configuration

]

' Interrupt period
Enable TBT

(b) Time Base Timer Interrupt

Figure 2-6. Time Base Timer

7 6 5 4 3 2 1 0

TBTCR i 5
(0036,) |(DVOEN) | (OVOCK) | 0 | TBTEN |  TBTCK | | (Initial value: 0**(0 QO%xx)
Time Base Timer 0: Disable
TBTEN enable/disable 1: Enable
000:fc/ 2?3 [Hz]
001:fc/ 2%
010:fc/2'6 RIW
TTCK | Time base timer interrupt 011 ffC/ZJ:

frequency select 100:fc/2
101:fc/2"2
110:f¢ /2"
111:f¢/2°

Note 1:fc; clock[Hz], *; Don’tcare
Note 2: The fourth bit in TBTCR must be to "0".
Figure 2-7. Time Base Timer Control Register
Table 2-1. Time Base Timer Interrupt Frequency [Hz]
TBTCK NORMAL, IDLE mode (at fc =8 MHz)

000 0.95

001 3.81

010 122.07

011 488.28

100 976.56

101 1953.12

110 3906.25

111 15625
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2.4 Divider Output (DVO)
A 50% duty pulse can be output using the Divider output circuit, which is useful for piezo-electric buzzer
drive. Divider output is from pin P13 (DVO). The P13 output latch should be set to “1” and then the P13
should be configured as an output mode.

7 6 5 4 3 2 1 0
TBTCR iti
(00364) |DVOEN| DVOCK | 0 |mnm)| (TBTCK), | (Initial value: 0**0 Qxxx)
DVOEN | Divider output enable/disable 0: Disable
1: Enable
00: fc/2"3 [Hz] RIW
Divider output (DVO pin) 01: fc/2"
bvock frequency selection 10: fc/2"
11: f¢ /210
Note: fc,; High-frequency clock [Hz], * ; Don’tcare
Figure 2-8. Divider Output Control Register
Example: 1kHz pulse output (at fc =8 MHz)
SET (P1).3 ; P13 output latch <1
LD (P1CR), 00001000B ; Configures P13 as an output mode
LD (TBTCR), 10000000B ; DVOEN<«1, DVOCK<«00
Table 2-2. Frequency of Divider Output [kHz]
DVOCK At fc=4 MHz At fc=8 MHz
00 0.512 0.976
01 1.024 1.953
10 2.048 3.906
11 4.096 7.812
Output latch Output mode (P1CR;3)
Output data b Q P13(DVO)
Selector
fc/213 >—a
fc/212 >—p
fc/21M >—c Y | I
fe/ 210 b P13 output IatchJ: : |

2L

DVOCK DVOEN DVOEN |: |_
m pin . :

Divider output control register

(a) Configuration (b) Timing Chart

Figure 2-9. Divider Output
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TOSHIBA

16-bit Timer/Counter 1 (TC1)

2.5

2.5.1 Configuration
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2.5.2 Control
The Timer/Counter 1 is controlled by a Timer/Counter 1 control register (TC1CR) and two 16-bit timer
registers (TREG1A and TREG1B).

Timer register 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
TREG1A
(00105 0011, | ] TREG1AL (00114) . | . . TREGIA (00104) | . |
Write only
TREG1B
(001241, 0013, | . . TREG1By; (0013}) . | ! . TREG1B (0012y) . |
Timer/Counter Read / Write (Write available in only PPG output mode)
7 6 5 4 3 2 1 0
SCAP1
TC1CR TFF1 (VORI TC1s TC1CK TCIM (Initial value: 0000 0000)
(0014y)
MPPG1 1 1 1
00: Timer/ External trigger timer/ Event counter mode
TCIM TC1 01: Window mode
mode select 10: Pulse width measurement mode
11: PPG (Programmable pulse generate) output mode
00: Internal clock fc/2" [Hz]
TC1CK TC1 01: Internal clock fc/27
source clock select 10: Internal clock fc/ 2
11: External clock (TC1 pininput)
Write
00: Stop & counter clear only
TC1 01: Command start
TCI1S
start control 10: reserved
11: External trigger start
...SCAP1 | Software capture control | . 0 T 1: Software capture trigger ...
Pulse width measurement .
MCAP1 0: Double edge capture 1: Single edge capture
................... COMIOL e o e e
External trigger timer 0: Tri .
: er start 1: Trigger start & sto
T control A oo S
MPPG1 | PPG output control 0: Continuous pulse 1: Single pulse
TFF1 Timer F/F1 control 0: Clear 1: Set

Note 1: fc,; clock [Hz]

Note 2: Writing to the low-byte of the timer registers (TREG1A;, TREG1B,), the comparison is inhibited until the
high-byte (TREG1Ay, TREG1By) is written. (Only the low-byte of the timer registers cannot be
changed.) After writing to the high-byte, the comparison within 1 machine cycle(during instruction
execution) is ignored.

Note 3: Set the mode, source clock, edge (INT2ES), PPG output control and timer FIF1 control when TC1 stops
(TC15 =00).

Note 4: Software capture can be used in only timer and event counter modes. SCAP1 is automatically cleared to
"0" after software capture.

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

TREG1A>TREG1B>0 (PPG output mode) ; TREG1A>0 (except for PPG output mode)

Note 6: Always write “0” to TFF1 except the PPG output mode.

Note 7: TCICR is a write-only register, which cannot be accessed by any read-modify-write instructions such as
bit operate, etc.

Note 8: TREG1B cannot be written after setting to PPG output mode.

Figure 2-11. Timer Registers and Control Register TC1
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2.5.3 Function
Timer/Counter 1 has six operating modes: Timer, External trigger timer, Event counter, Window, Pulse
width measurement, and Programmable pulse generator output 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 up-counter. If a match is found, an INTTC1 interrupt
is generated, and the counter is cleared to “0”. Counting up resumes after the counter is cleared.
The current contents of up-counter can be transferred to 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 2-3. Timer/Counter 1 Source Clock (Internal Clock) (at fc =8 MHz)

TC1CK Resolution [.s] Maximum time setting [s]
00 256 16.8
01 16 1.0
10 1 65.5 m

Example 1: Sets the Timer mode with source clock fc/211[Hz] and generates an interrupt 1s.
later (at fc = 8 MHz).

LDW (TREG1A), 1000H ; Setsthe timer register (1s + 211/ fc = 10004)
SET (EIRL). EF4 ; Enables INTTC1 interrupt

El

LD (TC1CR), 000100008 ; Starts TC1

Note: TC1CR is a write-only register, which cannot start by [SET(TC1CR).4] instruction.

Example 2: Software capture
LD (TC1CR), 01010000B ; SCAP1<1
LD WA, (TREG1B) ; Reads captured value

Command start

Source clock ||||||||| | | | |||| | || | | || | | || | | || | | | | |
€D ED ) €3 ¢ O 0.0 61 €3 € €5 € € &5
:» X n ¢

Match Counter
detect \n‘ clear

Counter 0

Timerregister 1A

INTTC1 interrupt

(a) Timer mode

SCAP1

Source clock w
Il
((
Counter X m-2 X m-1 X m X m+1 X m+2 X :: X n-1 X n X n+1 X
Capture y Capture
Timerregister 1B ? m n

(b) Software Capture

Figure 2-12. Timer Mode Timing Chart
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(2)

External Trigger Timer mode
In this mode, counting up is started by an external trigger. This trigger is the edge of the TC1 pin
input. Either the riging or the falling edge can be selected. Edge selection is the same as for INT2
pin. Source clock is used an internal clock selected. The contents of TREG1A is compared with the
contents of up-counter. If a match is found, an INTTC1 interrupt is generated, and the counter is
cleared to "0” and halted. The counter is restarted by the selected edge of the TC1 pin input.
When the edge input is opposite to the edge input way of the count start trigger at METTI (bit 6 in
TC1CR) = 1, the counter is cleared, and count stops. In this mode, pulse input with a constant pulse
width generatesinterrupt. When METT1 is “0”, the opposite edge inputisignored. The edge of TC1
pin input before match detection is also ignored.
The TC1 pin input has the same noise rejection as the INT2 pin, therefore, pulses of 7/fc [s] or less are
rejected as noise in NORMAL or IDLE mode. A pulse width of 24/fc [s] or more is required for edge
detection.

Example 1:Generates interrupt after 100 xs from TC1 pin input rising edge (at fc =8 MHz).

LD (EINTCR), 00000000B ; INT2ES<0 (rising edge)

LDW (TREG1A), 0064H ; 100 us+23/fc=64y

SET (EIRL).EF4 ; Enables INTTC1 interrupt

El

LD (TC1CR), 00111000B ; Starts TC1 external trigger, METT =0

Example 2: When “L" level pulses of 4ms or more is input to TC1 pin, generates interrupt.
(at fc=8 MHz)

TC1 pin

Internal

Timerre

INTTC1i

LD (EINTCR), 00000100B ; INT2ES<1 (“L" level)

LDW (TREG1A), 00FAH ; 4ms+27/fc=FARH

SET (EIRL).EF4 ; Enables INTTC1 interrupt

El

LD (TC1CR), 01110100B ; Starts TC1 external trigger, METT =1
Count start Count start Rising edge

input ! Trigger ( + Trigger ?ﬁ\ll?l'cztES =0)

Y

T D & ED S ) 0 SIS G & &)

Counter
Timer register 1A ? X n )
Match Clear
INTTC1 interrupt [T
(a) Trigger Start (METT1=0)
Count Count Count
start clear start .
. - . - Rising edge select

TC1 pininput Trigger Trigger A Trigger (INT2ES = 0)
Internal clock

Counter D 00 060D HE®0C Note: m<n

gister 1A :X n P

Match Clear
nterrupt

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

Figure 2-13. External Trigger Timer Mode Timing Chart
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(3) EventCounter Mode

In this mode, events are counted on the edge of the TC1 pin input. Either the rising and the falling
edge can be selected with INT2 pin. The contents of TREG1A are compared with the contents of up-
counter. If a match is found, an INTTC1 interrupt is generated, and the counter is cleared. Counting
up resumes every edge of the TC1 pin input after the counter cleared. The maximum applied
frequency is fc/24 [Hz] in NORMAL or IDLE mode.

Setting SCAP1 to “1" transfers the current contents of up-counter to TREG1B (software capture).

Y
TC1 pininput | | i | | | | |_|
. L :

Command start

r]_l u |_| I falling edge

~n
3

( : : select
Up-counter o X1 X 2 X | X -t X o X oX X 2 (INT2ES=1)
i i
TREG1A 2 X n D
i Match Counter
INTTC1 interrupt : detect \rrclear

Figure 2-14. Event Counter Mode Timing Chart

(4) Window mode

Counting up is performed on the rising edge of the pulse that is the logical AND-ed product of the
TC1 pin input (Window pulse) and an internal clock. The contents of TREG1A are compared with the
contents of up-counter. If a match is found, an INTTC1 interrupt is generated, and the counter is
cleared. Positive or negative logic for the TC1 pin input can be selected with INT2 pin.

It is necessary that the maximum applied frequency 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.

TC1 pininput * | —I

Internal clock

Command start

0 é EX 1 )(ZX 3 XZX 5 X 6 XOXoX T X2 X X

Counter
TREG1A
INTTC1 interrupt Match \I-I/ Clear
(a) Positive Logic (INT2ES =0)
Command start
TC1 pininput

Internal clock

Counter

TREG1A

Match\'r Clear
INTTC1 interrupt :

OXXZXEX4X5X 6 é)(Z)(a oYY

(b) Negative Logic (INT2ES= 1)

Figure 2-15. Window Mode Timing Chart
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(5) Pulse width measurement mode

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

Example: Duty measurement (Resolution f¢/27[Hz])

CLR (INTTC1SW).0 ; INTTC1 service switch initial setting
LD  (EINTCR), 00000000B ; Sets the rising edge at the INT2ES edge
LD  (TC1CR), 00000110B ; Sets the TC1 mode and source clock
SET (EIRL).EF4 ;Enables INTTC1
El
LD (TC1CR),00110110B ; Starts TC1 with an external triggerin MCAP1=0
PINTTC1: CPL (INTTC1SW).0 ; Complements INTTC1 service switch
JRS  F,SINTTC1
LD  (HPULSE), (TREG1BL) ;Reads TREG1B (“H" level pulse width)
LD  (HPULSE + 1), (TREG1BH)
RETI
SINTTC1: LD  (WIDTH), (TREG1BL) ; Reads TREG1B (Period)

LD  (WIDTH + 1), (TREG1BH)
: ; Duty calculation
RETI

VINTTC1: DW PINTTC1

WIDTH :

i _HPULSE __:

TC1 pin _I | |
INTTCI1SW I I
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Count start « Count start

TC1 pininput A Trigger 4 Y « A (INT2ES =0)

: : Y

Internal clock

Counter T XX OO X
Capture

TREG1B 'X* n

INTTC1 interrupt M

[Application] High or low pulse width measurement

(a) Single edge capture (MICAP = 1)

Count start « Count start

TC1 pininput l n Y « ‘ (INT2ES = 0)

Internal clock

Counter

TREG1B

INTTC1 interrupt I-l I-l

[Application] @ Period/Frequency measurement
@ Duty measurement

(b) Double edge capture (MCAP1 =0)

Figure 2-16. Pulse Width Measurement Mode

(6) Programmable Pulse Generate (PPG) output mode

Counting is started by an edge of the TC1 pin input (either the rising or falling edge can be selected)
or by a command. Either the rising or falling edge can be selected by INT2ES of EINTCR. The source
clock is used an internal clock. First, the contents of TREG1B are compared with the contents of the
up-counter. If a match is found, Timer F/F1 output is toggled. INTTC1 interrupt is generated at
continuous output (MPPG1=0) Next, Timer F/F1 is again toggled and the counter is cleared by
matching with TREG1A. An INTTC1 interrupt is generated at this time. Timer F/F1 output is inverted
and connected to the P14 (PPG) pin. In the case of PPG output, set the P14 output latch to “1” and
configure as an output mode. Timer F/F1is cleared to “0” during reset. The Timer F/F1 value can also
be set by TFF1 (bit 7 in TC1CR) and either a positive or negative logic pulse output is available. Also,
writing to the TREG1B is not possible unless the Timer/Counter 1 is set to the PPG output mode.

Example: “H" level 800 us, “L"" level 200 us pulse output at fc =8 MHz
SET (P1).4 ; P14 output latch«1
LD (P1CR), 00010000B ; Sets P14 to an output mode
LD (TC1CR), 10001011B  ;Sets PPG output mode
LDW  (TREG1A), 03E8H ;Sets a period (1 ms+ 1 s =03E8Y)
LDW  (TREG1B), 00C8H ;Sets “L"” level pulse width (200 s + 1 «s =00C8Y)
LD (TC1CR), 10010011B ; Start
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P14 output latch

Data output >——p q

TFF1 > b set Output enable

TC1CR write strobe *—DD_Enlear Q

Internal reset >

P14 (PPG) pin

Match with TREG1B >—_D |
Match with TREGIA >——— toggle
B |
INTTC1 interrupt <Y Timer F/F1
A
;__D->TC1S clear signal
MPPG1

Figure 2-17. PPG Output

Internal clock ||||||§i||||||EE|||||||||||||||||I||Commandstart

Counter 0 1 2 n Xn+1 mXoX 1 2 n Xn+1 mXox 1 2

TREG1B :X n
TREG1A X | N

INTTC1 interrupt n l-l I-I n

(a) Continuous pulse (MPPG1=0)

Count start
. Trigger | External trigger start
TC1 pininput J 99 99
Internal clock | | | | | |55| | | | | |‘§| | | | | | | | | | | | | | | | | | | |
Counter 0 1 n Xn+1 0

TREG1B :X " <
TREG1A :X - \ ]

PPG pin output I |

INTTC1 interrupt n

[Application] One shot pulse output

(b) Single pulse (MPPG1=1)

Figure 2-18. PPG Output Mode Timing Chart
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2.6 16-bit Timer/Counter 2 (TC2)

2.6.1 Configuration

TC2S
TC2pin O H
Window
fc/223y——5{ p Clear
fc/213y——>-[B Timer/ Y 16-bit up-counter
fc/28y—>|C Event counter Source
fc/23—>Ip Y clock
E
Fo
Comparator INTTC2
3 interrupt
TC2CK TCTZS
Match detect control
TC2CR TREG2 1« T
Timer/Counter 2 control register 16-bit timer register 2 TREG2H  TREG2L write strobe

Figure 2-19. Timer/Counter 2 (TC2)
2.6.2 Control
The Timer/Counter 2 is controlled by a Timer/Counter 2 control register (TC2CR) and a 16-bit timer
register 2 (TREG2).

TREG2 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(00164, 0017) | 1 1 TREG2y (00174) 1 1 1 1 TREG2, (00161) 1 1
Write only
TCZCR .............. 6 5 4 3 2 1 ..... 0
(0015,,) N | TC2S | TC2CK | | |TC2M | (Initial value: **00 00+0)
TC2M Timer/Counter 2 operating 0: Timer/Event counter mode
mode select 1: Window mode

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

Te2eK Timer/Counter 2 011: Internal clock fc/23 Write
source clock select 100: reserved only
101 : reserved
110: reserved
111 : External clock (TC2 pin input)
Timer/Counter 2 0: Stop and counter clear
TC2S
start control 1: Start

Note 1: fc; clock [Hz], *; Don't care
Note 2: When writing to the low byte of timer register 2 (TREG2), the comparison is inhibited until the high-
byte (TREG2y) 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 stops (TC2S = 0).
Note 4: Values to be loaded to the timer register must satisfy the following condition.
TREG2 > 0
Note 5: TC2CR and TREG2 is a write-only register and cannot be used with any of the read-modify-write
instructions.
Figure 2-20. Timer Register 2 and TC2 Control Register
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2.6.3 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 TREG2 are compared with
the contents of up-counter. If a match is found, an INTTC2 interrupt is generated, and the counter is
cleared. Counting up is resumed after the counter is cleared.

Table 2-4. Source Clock (Internal Clock) for Timer/Counter 2 (at fc =8 MHz)

TC2CK Resolution Maximum time setting
000 1.05s 19.1 h
001 1.02 ms 1.1 min
010 32 s 21s
011 1 us 65.5 ms

Example: Sets the Timer mode with source clock fc/23 [Hz] and generates an interrupt every
25 ms (at fc =8 MHz).

LDW (TREG2), 61A8H ; Setsthe TREG2 (25 ms =23 /fc=61A8RH)
SET (EIRH).EF14 ; Enables INTTC2 interrupt

El

LD (TC2CR), 00101100B ; Starts TC2

(2) EventCounter Mode
In this mode, events are counted on the rising edge of the TC2 pin input. The contents of TREG2 are
compared with the contents of the up-counter. If a match is found, an INTTC2 interrupt is
generated, and the counter is cleared. The maximum frequency applied to the TC2 pin is f¢/24[Hz] in
NORMAL or IDLE mode. But, a pulse width of 2 machine cycles or more is required for both “H” and
“L" level.

Example: Setsthe Event counter mode and generates an INTTC2 interrupt 640 counts later

LDW (TREG2), 640 ; Setsthe TREG2

SET (EIRH).EF14 ; Enables INTTC2 interrupt
El

LD (TC2CR), 00111100B ; Starts TC2

(3) Window Mode
In this mode, counting up is performed by an internal clock during “H" level of TC2 external pin
input (Window pulse). The contents of TREG2 are compared with the contents of up-counter. If a
match is found, an INTTC2 interrupt is generated, and the up-counter is cleared to “0”.
It is necessary that the maximum applied frequency must be considerably slower than the selected
internal clock.

Example: Inputs “H" level pulse of 120 ms or more and generates interrupt. (at fc =8 MHz).

LDW (TREG2), 0078H ; Sets TREG2 (120 ms + 213/fc =0078R)
SET (EIRH).EF14 ; Enables INTTC2 interrupt

El

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

! | 1

: | 1

1 [}

i 1 1
Counter D € € §4 5 SIS (5 0 0 G € €&
TREG2 X n s

Match Counter clear

INTTC2 interrupt kn}

Figure 2-21. Window Mode Timing Chart
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2.7 Serial Interface (SI0)
The 87C408/808/408L/808L each have one clocked-synchronous 8-bit Serial interfaces (SIO). The Serial
interface has an 8-byte transmit and receive data buffer that can automatically and continuously transfer
up to 64 bits of data.
The Serial interface is connected to external devices via pins P75 (SO), P74 (SI), and P73 (SCK). The Serial
interface pins are also used as port P7. When used as Serial interface pins, the output latches of these
pins should be set to “1”. In the Transmit mode, pins P74 can be used as normal I/O ports, and in the

Receive mode, the pins P75 can be used as normal I/0 ports.

2.7.1 Configuration

SIO control register/status register CPU

SIOCR1/SIOS SIOCR2
I 1 I I 1 I I I I 1 I
1 1 1 1 1 1 1 | | 1 1 1 1 |

Y Transmit and receive

data buffer
(8-byte in DBR)

Buffer control
circuit

Control circuit <>

Shift register
7 3 2 1 0
Shift 6 5 4

lock T }—’_:‘ . 50 pin
coc ’_) L1 1 L1 . Serial data output
8-bit transfer 4-bit transfer D .
: Sl pin

7~ Serial data input

) ial clock ad
INTSIO interrupt request serial dloc DSCK

: Serial clock I/0

Figure 2-22. Serial Interface

2.7.2 Control
The Serial interface is controlled by SIO control registers (SIOCR1/SIOCR2). The Serial interface status can
be determined by reading SIO status registers (SIOSR).
The transmit and receive data buffer is controlled by the BUF (bits 2 to 0 in SIOCR2). The data buffer is
assigned to addresses OFFO to OFF7y for SIO in the DBR area, and can continuously transfer up to 8 words
at one time. When the specified number of words has been transferred, a buffer empty (in the Transmit
mode) or a buffer full (in the Receive mode or Transmit/Receive mode) interrupt (INTSIO) is generated.
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Serial interface control register 1

SIOCR1 7 6 5 4 3 2 1 0
(0020) | S10S | 2o SIOM | ,SCK | | (Initial value: 0000 0000)
SIOS Indicate transfer start/stop ? gzgﬁc

0: Continue transfer
1: Abort transfer (automatically cleared after abort)

000: 8-bit Transmit mode
010: 4-bit Transmit mode .
SIOM | Transfer mode select 100: 8-bit Transmit/Receive mode Write
101: 8-bit Receive mode only
110: 4-bit Receive mode

000: Internal clock fc/2'" [Hz]
001: Internal clock fc/28
SCK Serial clock select 010: Internal clock fc/28
011: Internal clock fc/2°
111: External clock (input form SCK pin)

SIOINH | Continue/abort transfer

(output on SCK pin)

Note 1: Set SIOS to "0" and SIOINH to "1" when setting the Transmit mode or serial clock.
Note 2: SIOCR1 is a write-only register and must not be used with any of read-modify-write instructions such as
bit manipulation.

Serial interface control register 2

SIOCR2 7 6 5 4 3 2 1 0

(0021) : : WAIT | BUF | (Initial value: **x0 0000)

Always sets “00” except 8-bit Transmit/Receive mode.

00: T = Tp (non-wait)
WAIT | Wait control 01: T+ = 2Tp
10: T = 4Tp (wait)
11: T = 8Tp
Buffer address used
Write
000: 1 word transfer  OFFOy only

001:2word transfer OFF0 to OFF1y
010:3word transfer OFF0 to OFF2y
011:4word transfer OFF0 to OFF3y
100: 5word transfer OFFO0 to OFF4y
101: 6 word transfer OFFO0  to OFF5y
110: 7word transfer OFFO to OFF6y
111:8word transfer OFF0 to OFF74

BUF Number of transfer words

Note 1: T¢, frame time (1 word data transfer time), Tp,; data transfer time

SCK output

TD >

Tt

| i

i i

! !

Note 2: The lower 4 bits of each buffer are used during 4-bit transfers. Zeros (0) are stored to the upper 4 bits
when receiving.

Note 3: Transmitting starts at the lowest address. Received data are also stored starting from the lowest address
to the highest address. First, address OFFQy is transferred.

Note 4: The value to be loaded to BUF is held after transfer is completed.

Note 5: SIOCR2 must be set when the serial interface is stopped (SIOF = 0).

Note 6: SIOCR2 is a write-only register and must not be used with any of read-modify-write instructions such as
bit manipulation.

Note 7: * ; Don'tcare

Figure 2-23. Serial Interface Control Register
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SIOSR 7 6 5 4 3 2 1 0
(00201) T T S
SIOF 1" 1" 1" 1" 1" I
- ; . ; (After SIOS is cleared to 0", SIOF is
SIOF Serial transfer operating 0:Transfer Tcermmated cleared to “0" at the termination of
status monitor 1:Transfer in process transfer or setting of SIOINH.) read
SEF Shift operating status 0:Shift operation terminated only
monitor 1:Shift operation in process

Figure 2-24. Serial Interface Status Register

(1) Serial Clock
a.Clock Source
SCK (bits 2 to 0 in SIOCR1) is able to select the following.
@ Internal Clock

Any of four frequencies can be selected. The serial clock is output to the outside on the SCK
pin. The SCK pin goes high when transfer starts.

When data writing (in the Transmit mode) or reading (in the Receive mode or the
Transmit/Receive mode) cannot keep up with the serial clock rate, there is a wait function
that automatically stops the serial clock and holds the next shift operation must the
read/write processing is completed.

Table 2-5. Serial Clock Rate (at fc = 8MHz)

SCK Maximum transfer rate [Kbit/s]
000 0.95
001 30.5
010 122
011 244
Note: 1 Kbit = 1024 bit |

Automatically
wait function

|e———>]

SCK pin output |||||||| ||||||||||||

SO pin output \2o X a1 X a2) a3 (o X b1 X b2 X b X co X
rJ /"‘J

Written transmit
data a X b X <

Figure 2-25. Clock Source (Internal Clock)
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@ External Clock
An external clock connected to the SCK pin is used as the serial clock. In this case, the P73
(SCK)) output latch must be set to “1”. To ensure shifting, a pulse width of at least 4
machine cycles is required. Thus, the maximum transfer speed is 244 Kbit/s (at fc =8 MHz).

SCK pin input | | | | | | | I
tsckL tsckH
tsckL, tsckn > 4 teyc [Note: tcyc = 4/fcgck (in NORMAL, IDLE modes) |
b.Shift edge

The leading edge is used to transmit, and the trailing edge is used to receive.
@ Leading Edge
Transmitted data are shifted on the leading edge of the serial clock (falling edge of the SCK
pin input/output).
@ Trailing Edge
Received data are shifted on the trailing edge of the serial clock (rising edge of the SCK pin

input/output).

SCK pin | 2 I A I A I

SO pin \ bito X bit1 X bit2 X bit3

Shift register X 3210 X #321 X #+32 X #x+3
(a) Leading Edge

SCK pin | A LA LA LA

SI pin X t;ito X bitt X bit2 X bit3

Shift register . X Oxxx X 10xx X 210« X 3210 Note: = Don'tcare
(b) Trailing Edge

Figure 2-26. Shift Edge

(2) Number of Bits of Transfer
Either 4-bit or 8-bit serial transfer can be selected. When 4-bit serial transfer is selected, only the
lower 4-bits of the transmit/receive data buffer register are used. The upper 4-bits are cleared to “0”
when receiving.
The data is transferred in sequence starting at the least significant bit (LSB).

(3) Number of Words to Transfer
Up to 8 words consisting of 4 bits of data (4-bit serial transfer) to 8 bits (8-bit serial transfer) of data
can be transferred continuously. The number of words to be transferred is loaded to BUF.
An INTSIO interrupt is generated when the specified number of words has been transferred. If the
number of words is to be changed during transfer, the serial interface must be stopped before
making the change. The number of words can be changed during automatic-wait operation of an
internal clock. In this case, the serial interface is not required to be stopped.
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SCK pin | | | | | | | |
50 pin \ 2oXai XX a3

INTSIO interrupt |'|

(a) 1 Word Transmit
50 pin \ 20X a1 X 22X asX boX b1 X b2 X bsXco X 1 X2 X &

INTSIO interrupt "

(b) 3 Words Transmit
Sl pin (LaoX 21 X 22X 23X boX b1 X ba X b3 X co X1 X2 X <3/

INTSIO interrupt I

() 3 Words Receive

Figure 2-27. Number of Bits to Transfer (Example: 1 word = 4 bits)

(4) Transfer Mode
SIOM (bits 3 to 5in SIOCR1) is used to select the Transmit, Receive, or Transmit/Receive mode.

a.4-bit and 8-bit Transmit Modes
In these modes, the Transmit mode is set to the control register and then the data to be
transmitted first are written to the data buffer registers (DBR).
After the data area written, the transmission is started by setting SIOS to “1”. The data are then
output sequentially to the SO pin in synchronous with the serial clock, starting with the least
significant bit (LSB). As soon as the LSB has been output, the data are transferred from the data
buffer register to the shift register per 1 word. When the final data bit has been transferred and
the data buffer register is empty, an INTSIO (buffer empty) interrupt is generated to request the
next transmitted data.
When the internal clock is used, the serial clock will stop and perform an automatic wait if the
next transmitted data are not loaded to the data buffer register by the time the number of data
words specified with the BUF has been transmitted. Writing even one word of data cancels the
automatic-wait; therefore, when transmitting two or more words, always write the next word
before transmission of the previous word is completed.

Note: Automatic-waits are also canceled by writing to a DBR not being used as a transmit data
buffer register; therefore, during SIO do not use such DBR for other applications. For
example, when 3 words are transmitted, do not use the DBR of the remained 5 words.

When an external clock is used, the data must be written to the data buffer register before
shifting next data. Thus, the transfer speed is determined by the maximum delay time from the
generation of the interrupt request to writing of the data to the data buffer register by the
interrupt service program.

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

The transmission is ended by clearing SIOS to “0” or set SIOINH to “1” in the buffer empty
interrupt service program to end transmitting. After SIOS is cleared, the transmission is ended at
the time that the final bit of the data being shifted has been output. That the transmission has
ended can be determined from the status of SIOF (bit 7 in SIOSR). SIOF is cleared to “0” when the
transmission is completed. When SIOINH is set, the transmission is immediately ended and SIOF is
cleared to “0".
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When an external clock is used, it is also necessary to clear SIOS to “0” before shifting the next
data; otherwise, dummy data will be transmitted and the operation will end. If it is necessary to
change the number of words, SIOS should be cleared to “0”, then BUF must be rewritten after
confirming that SIOF has been cleared to “0”.

Clear SIOS

SI0S _6 | \

SIOF | \)I
scpntoup L LML
50 pin \A 20 21 R 22X 23K 25 X as X ack 27X boX b1 ba X b3 X ba X bs X bs X br/

INTSIO interrupt " ~ n
\
DBR Xa Xb
Ao

. . a) Internal Clock
Write transmit data (@) .

SIOS f |

SIOF

SEF —J

SCK pin (input)

Clear SIOS

S0 pin EEQEQEEEE&@@EM@@

INTSIO interrupt n ~ "

\

DBR Xa X b
A

Write transmit data

(b) External Clock

Figure 2-28. Transmitted Data (Example: 8-bit, 1 word)

SCK pin | I
SIOF |

SO pin X The highest bit of the final transmitted /

tsopn =min. 3.5/fc[s] (in NORMAL, IDLE mode)

Figure 2-29. Transmitted Data Hold Time at end of transmit
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b.4-bit and 8-bit Receive Modes

After setting the control registers to the Receive mode, set SIOS to “1” to enable receiving. The
data are then transferred to the shift register via the Sl pin in synchronous with the serial clock,
starting with the least significant bit (LSB). When one word of data has been received, it is
transferred from the shift register to the data buffer register (DBR). When the number of words
specified with the BUF has been received, an INTSIO (buffer full) interrupt is generated to request
that these data be read out. The data are then read from the data buffer registers by the
interrupt service program.

When the internal clock is used, and the previous data are not read from the data buffer register
before the next data are received, the serial clock will stop and an automatic-wait will be initiated
until the data are read. A wait will not be initiated if even one data word has been read.

Note: Automatic-waits are also canceled by reading a DBR not being used as a received data
buffer register; therefore, during SIO do not use such DBR for other applications.

When an external clock is used, the shift operation is synchronized with the external clock;
therefore, the previous data are read before the next data are transferred to the data buffer
register. If the previous data have not been read, the next data will not be transferred to the
data buffer register and the receiving of any more data will be canceled. When an external clock
is used, the maximum transfer speed is determined by the delay between the time when the
interrupt request is generated and when the data received have been read.

The receiving is ended by clearing SIOS to “0” or setting SIOINH to “1” in buffer full interrupt
service program. When SIOS is cleared, the current data are transferred to the buffer. After SIOS
cleaned, the transmissions is ended at the time that the final bit of the data being shifted has
been output. That the transmission has ended can be determined from the status of SIOF (bit 7 in
SIOSR). SIOF is cleared to "0” when the transmission is ended. After confirmed the receiving
termination, the final receiving data is read. When SIOINH is set, the receiving is immediately
ended and SIOF is cleared to “0”. (The received data is ignored, and it is not required to be read
out.) If it is necessary to change the number of words in external clock operation, SIOS should be
cleared to 0" then BUF must be rewritten after confirming that SIOF has been cleared to “0”.

If it is necessary to change the number of words in internal clock operation, during automatic-
wait which occurs after completion of data receiving. (BUF must be rewritten before the received
datais read out.)

Note: The buffer contents are lost when the transfer mode is switched. If it should become
necessary to switch the Transfer mode, end receiving by clearing SIOS to "0", read the last
data and then switch the Transfer mode.
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Clear SIOS

SIOS

SIOF

SEF

SCK pin (output)

Sl pin

INTSIO interrupt

Read receive data Read receive data

Figure 2-30. Receive Mode (Example: 8-bit, 1 word, internal clock)

c. 8-bit Transmit/Receive Mode

After setting the control registers to the Transmit/Receive mode, write the data to be transmitted
first to the data buffer registers (DBR). After that, enable transmitting and receiving by setting
SIOS to “1”. When transmitting, the data are output from the SO pin at leading edges of the
serial cock, starting with the least significant bit (LSB). When receiving, the data are input
through the SI pin at the trailing edges of the serial clock. 8-bit data are transferred from the
shift register to the data buffer register. An INTSIO interrupt is generated when the number of
data words specified with the BUF has been transferred. The interrupt service program reads the
received data from the data buffer register, the transmitted data is written. The data buffer
register is used for both transmitting and receiving; therefore, always write the data to the
transmitted after reading all the received data.

When the internal clock is used, a wait is initiated until the received data are read and the next
data are written. A wait will not be initiated if even one data word has been written.

Note: Waits are also canceled by writing to a DBR not being used as the transmit/received data
buffer register, therefore, do not use such DBR for other applications.

When an external clock is used, the shift operation is synchronized with the external clock;
therefore, it is necessary to read the received data and write the data to be transmitted next
before starting the next shift operation. When an external clock is used, the maximum transfer
speed is determined by the maximum delay between generation of an interrupt request and the
received data are read and the data to be transmitted next are written.

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

The transmit/receive operation is ended by clearing SIOS to “0” or set SIOINH to “1” in INTSIO
interrupt service program. When SIOS is cleared, the current data are transferred to the data
buffer register. The transmit/receive is ended at the time that the final bit of the data being
shifted has been output. The end of transmit/receive can be determined from the status of SIOF
(bit 7 in SIOSR). SIOF is cleared to “0" when the transmit/receive is ended. When SIOINH is set,
the transmission isimmediately ended and SIOF is cleared to “0”.

If the number of words is to be changed during transfer, SIOS must be cleared to “0” and BUF is
rewritten after SIOF is determined to be cleared to “0” during automatic-wait operation of an
external clock operation. The number of words can be changed in an internal clock. In this case
BUF must be rewritten before the received data is read out.
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Note: The buffer contents are lost when the Transfer mode is switched. If it should become
necessary to switch the Transfer mode, end receiving by clearing SIOS to “07, read the last
data and then switch the Transfer mode.

|«<—— Clear$I05s —>

SIOS

SIOF

SEF

SCK pin (output)

SO pin

o 77K XXX XX XX XXX XXX aXe

INTSIO interrupt I'I "

G XX Xz
s s s

Figure 2-31. Transmit/Receive Mode (Example: 8-bit, 1 word, internal clock)

SCK pin | I
SIOF L

SO pin bit6 X bit 7 of final transmit /

tsopH = min. 4/fc[s] (in the NORMAL, IDLE mode)

Figure 2-32. Transmitted Data Hold Time at end of transmit/receive
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2.7.3 NOTES FOR USAGE OF SIO

If same ringing noise occurs at rising or falling of SCK pin, note that the SCK pin does not function as
Schmitt circuit.

typ 0.9V
(atvDD=5V)

sk [ [ internal Y AT\ A—

[
~

l/

GND

VDD - —

internal

Figure 2-33. Example of ringing noise

The SCK pin is used as a count clock for detecting the ending point of the serial data. If some rising noise
occurs on the SCK input line, as Figure 1, some miscounting will be performed, thus the function for
shifting the receive data will finish earlier than anticipated, it shown as Figure 2-34.

s 1 LT LT LT LI LI LT LJ

Correct count 1 2 3 4 5 6 7 8

A A s s
miss count 1,2 3,4 5,6 7,8

Figure 2-34. Example of miss count (at 8-bit receive mode)

Note 1: In case of SCK pin is used as input, it is recommended that Schmitt circuit is inserted externally.
Note 2: Additionally, SI pin does not function as Schmitt circuit, so we suggest that Schmitt circuit is
inserted externally.
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2.8 8-bit A/D Converter (ADC)
The 87C408/808/408L/808L each have an 8-bit successive approximate type A/D converter with sample
and hold.
Analog reference power supply (VAREF) is automatically cut off in STOP mode or analog input disable.

2.8.1 Configuration

Ladder resistor
I e e s e e 1
! o R2 R R R2 !
1 I
VAREF I:l—i-/c W WV e Wy WV——10 vass
1 1 H
i EN ij 5
STOP :) >"c"' i
AINDS Tap Decoder
Analog input Sample & Hold Reference
Multiplexer T B
i 1 voltage
1 1
AINO O——A i i
AN1 O————8 i i 8
1 1
AIN2 O———]c¢ i ;/; i
I 1
AIN3 OJ—D i i Analog
i i comparator
AINA [J—FE i e 4
AIN5s OF—F
Sampling clock Successive Approximate Circuit
EN
Shift clock
EN S
AINDS Control Circuit o
6 SAIN ADS EOCF
4
P6CR ADCCR ADCDR
P6 input/output control register A/D Converter control register A/D Conversion result register

Figure 2-35. A/D Converter (ADC)

2.8.2 Control
The A/D converter is controlled by an A/D converter control register (ADCCR). Reading EOCF of ADCCR
recognizes A/D converter operation state, and reading A/D conversion result register (ADCDR) recognizes
A/D conversion result.

A/D Conversion Result Register

7 6 5 4 3 2 1 0
ADCDR | : : : : : : : |
(OOOFH) H M H H H B :

Read only

Figure 2-36. A/D Conversion Result Register
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ADCCR
(000ER)

A/D Converter Control Register

7 6 5 4 3 2 1 0
| EOCF | ADS [ ACK | amos | SAIN |  (nitial value: 0001 0000)

0000: AINO
0001: AIN1
0010: AIN2
SAIN Analog input selection 8?88 ﬁ:mz
0101: AIN5S
0110: reserved
0111: reserved
1 *%%: reserved

R/W
AINDS | Analog input control ? ED?sZtIglee
G Comarion time - 180fcgk
ADS A/D conversion start ? ,;JD conversion start
EOCF A/D conversion end flag ? g:g?):‘iz:\\l/(::ssiig?\ or Before conversion R

Note 1: *, Don'tcare

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. The written data is ignored.

Figure 2-37. A/D Converter Control Register

2.8.3 Operation
The high side of an analog reference voltage is applied to VAREF pin, and the low side is applied to VASS
pin. The reference voltage between VAREF and VASS is divided into the voltage corresponding with bits
by radar resistance. The reference voltage is compared with an analog input voltage and A/D conversion
is performed.

Note: VASS is the same as VSS.

(1) Start of A/D conversion

First, selects one of analog input channels (AIN5 to AINO) by SAIN(bit 3 to 0 in ADCCR). Clear the
AINDS (bit 4 in ADCCR) to “0”. The channel used as an analog input is cleared to “0” by P6 input
control (P6CR).

Note: The pin that is not used as an analog input can be used as regular input/output pins. During
conversion, do not perform output instruction to maintain a precision for all of the pins.

A/D conversion time is set with the ACK (bit 5 in ADCCR).

A/D conversion is started by setting the ADS (bit 6 in ADCCR) to “1”.

A/D conversion time is from A/D conversion until setting the conversion result to ADCDR. When
ACK =0, conversion is accomplished in 184/fcgck [s] (46 machine cycles). For example, 23 us in
fcgck =8 MHz. The EOCF (bit 7 in ADCCR) is set to “1” at end of conversion.When ADS is set to “1”
during A/D conversion, conversion is initialized and restarted.Sampling of an analog input voltage
is performed in 4 machine cycles after A/D conversion start is indicated.

Note 1: To keep the same level of an analog input during 4 Machine Cycle Time is necessary for
charging the electron to the sample hold circuit of the 87C408/808/P808 which has a
resistor (typ. 5 kQ) and a capacitor (typ. 12pF).

Note 2: To keep the same level of an analog input during 4 Machine Cycle Time is necessary for
charging the electron to the sample hold circuit of the 87C408L/808L/P808L which has a
resistor (typ. 7 kQ)) and a capacitor (typ. 11pF).
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(2) Reading of A/D conversion result

After the end of conversion (EOCF = 1), read the conversion result from the ADCDR. The EOCF is
automatically cleared to “0” when reading the ADCDR. When the conversion result is read out
during A/D conversion, the invalid value is read out.

(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 A/D conversion value become indefinite. Thus EOCF is maintained to “0” after returned

from the STOP mode.

(EOCF ="1"), the A/D conversion value and EOCF state are held.

However, if the STOP mode is started after the end of A/D conversion

3

ADS
ADCDR X Invalid X Result Xlnvalidx Invalid X Result
‘< Conversion —x: . Cong(ersion —
' time ; : ime :
EOCF —l 184/fcgck [s] _l 184/fcgck [s]
Procession i i *
Read Start Read Start Start
Figure 2-38. A/D Conversion Timing Chart (ACK =0)
Example: After AIN4 pin is selected as an analog input channel, A/D conversion is started. EOCF is
confirmed and the converted result is read out. It is saved to address 009Ey in RAM.
; AIN SELECT
LD (ADCCR), 00000100B ; selects AIN4
; A/D CONVERT START
SET (ADCCR). 6 ; ADS=1
SLOOP: TEST (ADCCR). 7 ; EOCF=17?
JRS T, SLOOP
; RESULT DATA READ
LD (9EH), (ADCDR)

Figure 2-39 shows the relationship between An analog input voltage and A/D converted 8-bit

digital value.

FFy T

FEq T

FDy -

A/D ¥
. d
conversion 4
e
result -

>)

03y T

024 +

01H T G

] ] ] (4 ]

T T T " !

0 1 2 3 253
Analog input voltage

254

255

256

VAREF - VASS
256

Figure 2-39. Analog Input Voltage vs. A/D Conversion Result (typ.)
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2.9 Key Wake Up

The87C408/808/408L/808L can control STOP mode with four pins such as P62, P63, P64 and P65 other than
P76 (INT5/STOP).

When the STOP mode is controlled in port inputs of P62, P63, P64 and P65, system register 1 (SYSCR1)
must start the STOP mode (Level release mode). Edge mode cannot use at key wake-up.

STOP mode control register
STOPCR 7 6 5 4 3 2 1 0

©02Fy) | — | — [stoes|stora[stors[stor2| — | — |  (Initialvalue: *%0000%x)
STOP2 P62 port releases from STOP mode 0: Disable
1: Enable
STOP3 P63 port releases from STOP mode 0: Disable
1: E |
- |.1ab Ie Read / Write
STOP4 P64 port releases from STOP mode 0: Disable
1: Enable
STOP5 P65 port releases from STOP mode 0: Disable
1: Enable

Figure 2-40. Stop Mode Control Register

STOP mode control circuit

STOP mode oy [ ] P76 (NT5/5T0P)

control signal

P62 (AIN2/STOP2)

P63 (AIN3/STOP3)

P64 (AIN4 / STOP4)

P65 (AIN5/STOPS5)

AAA@

AN

|

STOPCR
(002FH) |~ [

noO—-Hwn
»rOUO—-n
WoUO-wn
NOO-wn
|
[

Figure 2-41. Stop Mode Control Circuit

Each bit of P62 to P65 can be individually connected with internal pull-up resistor under the STOP mode
control register (STOPCR).

AINi -3

Y A

1
I I
1 1
Data input —:EN\I :
1 1
[ R—) ..
Data output 3 I l P6i (i=2to5)

Control input

STOPi

Figure 2-42. PortP6i(i=21t05)

Note: In case of using port P65 to P62 as key wake-up input, P76 pin must be used as input only
(in cluding INT5/STOP), must not be used as output port.
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Input / Output Circuit

(1) Control pins
The input/output circuits of the 87C408/808/408L/808L control pins are shown below.

Control Pin 110 Input/ Output Circuitry and Code Remarks

Osc. enable +—D_ fe
High-frequency resonator

A
XIN Input vDD R R VDD .
XOUT Output 0 connecting pin
D’ Rf =1.2MQ  (typ.)
Ro =1.5kQ typ.
XIN XOUT 0 (typ.)
Sink open drain output
Hysteresis input
RESET /10 Address-trap-reset Pull-up resistor
Watchdog-timer-rese Riv=220kQ (typ.)
System-clock-reset R=1KO (typ)
Initial “Hi-Z"
STOP/INT5 Input Disable Hysteresis input
(P76) R=1kQ (typ.)

VDD
Rin
R
-
vDD
-
R
P76
Initial “Hi-Z2"
Rin
VDD \)

Hysteresis input
i=2to5
STOPi Input
. H <
(P6i) Disable § R Pull-up resistor
Rn=70kQ  (typ.)

Péi (87C408/808)
Rin=130kQ (typ.)
(87C408L/808L)
R=1kQ (typ.)

STOP/INT5

.NEAN

STOPi

A A

VDD

R Pull-down resister
TEST Input Rn=70kQ  (typ.)
Rin R=1kQ (typ)

Note: The 87P808/808L does not have a pull-down resistor for TEST pin. Be sure to fix the TEST Pin to low.
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(2) Input/Output Ports

The input/ output circuits of the 87C408/808/408L/808L input / output ports are shown below.

Port /0 Input/ Qutput Circuitry and Code Remarks
Initial “Hi-Z" VDD Tri-state I/O
Hysteresis input
P1 110 D R=1kQ (typ.
Disable C< R (typ)
Initial "Hi-Z" VDD Tri-state I/O
P6 110
: |-
Disable R
1
~J
Initial “Hi-Z" VDD Tri-state I/O
P-ch Control I:‘I;
. EI R=1kQ (typ.)
P7 I]e]
Disable __j:::>°"1§* %é R
e
~
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Electrical Characteristics

(1) 87C408/808
Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Conditions Ratings Unit
Supply Voltage Vpp -0.3t06.5 \
Input Voltage Vin -0.3toVpp+0.3 \Y
Output Voltage Vourt -0.3toVpp+0.3 \
lout1 | P1,P6 32 mA
Output Current (Per 1 pin) ot louT2 P7 (Middle current port) 15 mA
IOH lout2 | P1,P6,P7 -1.8 mA
S loutt |P1,P6 50 mA
Output Current (Total) ot S lout2 | P7 (Middle current port) 60 mA
IOH S lours |P1.P6, P7 30 mA
SDIP 300
Power Dissipation [Topr=70°C] PD SOP 180 mw
Input Current "W p1, p, p7 10 mA
Iin2 -1.0
Soldering Temperature (time) Tsld 260 (10¢9) °C
Storage Temperature Tstg -55t0125 °C
Operating Temperature Topr -30t0 70 °C
Note: The absolute maximum ratings are rated values which must not be exceeded during operation, even for an instant. Any
one of the ratings must not be exceeded. If any absolute maximum rating is exceeded, a device may break down or its
performance may be degraded, causing it to catch fire or explode resulting in injury to the user. Thus, when designing
products which include this device, ensure that no absolute maximum rating value will ever be exceeded.
Recommended Operating Conditions (Vss=0V, Topr = - 30 to 70°C)

Parameter Symbol Pins Conditions Min Max Unit
NORMAL mode
fc=8MHz TBIE mode 4.5
fc= NORMAL mode
Supply Voltage Vbp 4.2 MHz | IDLE mode 2.7 5.5 v
STOP mode 2.0
ViH1 Except hysteresis input - Vpp x0.70
) V2 Hysteresis input Vpp=4.5V Vpp x0.75
Input High Voltage Vpp \
Vi3 27V=Vpp<45V Vpp % 0.90
Vi1 Except hysteresis input - Vpp x0.30
Vi Hysteresis input Vpp=4.5V Vpp % 0.25
Input Low Voltage 0 Vv
V||_3 27V§VDD<45V VDDXO.10
Vpp=4.5t05.5V 8.0
Clock Frequency fc XIN, XOUT Vpp = 2.7 10 5.5 V 1.0 4.2 MHz
Note 1: The recommended operating conditions for a device are operating conditions under which it can be guaranteed that
the device will operate as specified. If the device is used under operating conditions other than the recommended
operating conditions (supply voltage, operating temperature range, specified AC/DC values etc.), malfunction may
occur. Thus, when designing products which include this device, ensure that the recommended operating conditions
for the device are always adhered to.
Note 2: Clock frequency fc: Supply voltage range is specified in NORMAL mode and IDLE mode.
Note 3: Minimum of clock frequency: 1 MHz = fcgck
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D.C. Characteristics

(Vss=0V, Topr= -301t070°C)

Parameter Symbol Pins Conditions Min | Typ. | Max | Unit
Hysteresis Voltage Vs Hysteresis inputs - 0.9 - Vv
Iint TEST
Input Current | Tri-state ports Vop =53V 2 2 A
P IN2 i Vin=5.5V/0V #
lin3 RESET, STOPi
Rint | TEST 30 70 150
Input Resistance Rinz RESET 100 220 450 kQ
Rina | STOPi i=2to5 30 70 150
Output Leakl Current Lo Tri-state ports Vpp=5.5V,Voyr=5.5V/0V -2 - 2 PA
Output High Voltage Vouz | Tri-state ports Vpp=4.5V, lop= -0.7mA 4.1 - - Vv
Output Low Voltage VoL Except XOUT and P7 Vpp=4.5V, lgL=1.6 mA - - 0.4 \Y
Output Low Current loLs P7 Vpp=4.5V, Vo =1.0V - 7 - mA
fc - 6.5 10
Supply Currentin fegek fe/2 - 4.0 6.4
NORMAL mode faa | - | 26 | 47
Vpp=5.5V
fc= 8 MHz fc/8 - 1.9 3.9
Vin=5.3V/0.2V fc - 33 5.0
Supply Current in IDLE fegek fe/2 - 2.4 3.9
mode faa | - 19 | 35
mA
| fc/8 - 1.6 3.3
DD
fc - 1.5 25
Supply Currentin
NORMAL mode fegck |f2 | - | 085 | 16
Vpp=3.0V fc/a - 0.6 1.2
fc=4.19 MHz
Suooly Current in IDLE Vin=2.8V/0.2V fe - | 08| 14
upply Currentin ~
mode fegek | fe2 0.55 | 1.1
fc/a - 0.45 0.9
Supply Current in Vpp=5.5V _
STOP mode Vin=53V/02V 0.5 1 10 | »A

contained.

Note 3: Ipp ; Except for Iggp

Note 1: Typical values show those at Topr =25°C, VDD =5 V.
Note 2: Input Current l;y7, I3 The current through resistor is not included, when the input resistor (pull-up or pull-down) is
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A/D Conversion Characteristics (Vss=0V,Vpp=2.7105.5V, Topr= - 30 to 70°C)
Parameter Symbol Conditions Min Typ. Max | Unit
\ 2.7 - \Y
Analog Reference Voltage AREF DD \Y
Vass Vss
Analog Input Voltage Range VAN Vass - V AREF \Y
Analog Reference Current IREF Varer= 5.5V, Vass (Vss) =0.0 V - 0.8 1.0 mA
Nonlinearity Error Vpp= 5.0V - - +1
VaRer = 5.000 V
Zero Point Error Vass (Vsg) =0.000 V - - +1
or LSB
Full Scale Error Vpp= 2.7V - - +1
Vager = 2.700 V
Total Error Vass (Vss) =0.000 V - - +2
Note: Quantizing error is not contained in those errors.
TMP87C408DM
Parameter Symbol Conditions Min Typ. Max Unit
Nonlinearity Error - - 1
Zero Point Error Vop=2.7V - - *+3
Full Scale E Vare =2.700V £3 8
ull Scale Error Vass (Vss) = 0.000 V - - *
Total Error _ _ +4

Note: For the TMP87C408, the guaranteed value for A/D conversion accuracy is different when Vpp = 2.7 V.
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A.C. Characteristics (I) (Vss=0V, Vpp=4.5t05.5V, Topr= -301070°C)
Parameter Symbol Conditions Min Typ. Max | Unit
In NORMAL mode
Machine Cycle Time tey 0.5 - 4 ©S
In IDLE mode
High Level Clock Pulse Width twcH For external clock operation
50 - - ns
Low Level Clock Pulse Width twer | fe=8 MHz (XIN input)
. . ACK=0 46
A/D Conversion Time tapc - -
ACK=1 184 tey
A/D Sampling Time tan - 4
A.C. Characteristics (1) (Vss=0V, Vpp=2.7t05.5V, Topr= - 30 to 70°C)
Parameter Symbol Conditions Min Typ. Max | Unit
In NORMAL mode
Machine Cycle Time tey 0.95 - 4 “s
In IDLE mode
High Level Clock Pulse Width twcH For external clock operation
110 - - ns
Low Level Clock Pulse Width twer | fc=4.2MHz
. . ACK=0 46
A/D Conversion Time tapc - -
ACK=1 184 tecy
A/D Sampling Time tan - 4

Note: A/D conversion timing:
Internal circuit for AINO to 5 A/D conversion timing

{
Comp. ADS 5y

(Hi-Z) ¢ D
12 pF 5 k0 (typ) EOCF % u I

n

(typ.)
AIN I tam | «
>

AIN selector I-I

X Tokeep the same level of an selector : : )
analog input during tay is i i «
necessary for charging the AD l . 7 l
electron to the sample hold conversion | i ;
circuit. I '
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Recommended Oscillating Conditions (1)

(Vss=0V, Vpp=4.5t05.5V, Topr= -301t070°C)

] Oscillation ] Recommended Conditions
Parameter Oscillator Recommended Oscillator
Frequency Cq C,
KYOCERA KBR8.0M 30 pF 30 pF
8 MHz MURATA CSAC8.00MT 30 pF 30 pF
(VDD=4.5t05.5V) MURATA CSA8.00MTZ
CST8.00MTW - -
Ceramic Resonator C5T58.00MT
High-frequency 4.19 MHz MURATA CSA4.19MG | 30pF 30 pF
Hlati (VDD =2.7t05.5V)
Oscillation MURATA CST4.19MGW - -
4 MHz
(VDD =2.7t05.5V) KYOCERA KBR4.0MS 30 pF 30 pF
8 MIHz
(VDD =4.5t05.5V) | TOYOCOM 210B 8.0000
Crystal Oscillator 4 MHz 20 pF 20 pF
(VDD =2.7t05.5V) | TOYOCOM 204B 4.000

Recommended Oscillating Conditions (II)

(Vss=0V, Vpp=2.7105.5V, Topr= -30to 70°C)

s

&

(1) High-frequency Oscillation

] Oscillation ] Recommended Conditions
Parameter Oscillator Frequency Recommended Oscillator C C,
4.19 MHz MURATA CSA4.19MG 30 pF 30 pF
(VDD =2.71t05.5V)
MURATA CST4.19MGW - -
High-frequency . MURATA CSA4.00MG 30 pF 30 pF
Ceramic Resonator CSA4.00MGC = =
Oscillation 4 MHz MURATA CST4.00MGW
(vDD=2.7t05.5V) CSTC4.00MG — —
MURATA CSTCS4.00MG - -
XIN XOUT
G

Note: When used in high electric field such as a picture tube, the package is recommended to be electrically shielded to
maintain a regular operation.
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Electrical Characteristics

(1) 87C408L/808L
Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Conditions Ratings Unit
Supply Voltage Vpp -0.3to5.5 \
Input Voltage Vin -0.3toVpp+0.3 Y
Output Voltage Vourt -0.3toVpp+0.3 \
louT1 P1,P6 3.2 mA
I0L
Qutput Current (Per 1 pin) louT?2 P7 (Middle current port) 15 mA
IOH louts | P1,P6,P7 -18 mA
3 lout |P1,P6 50 mA
IoL
Output Current (Total) S lout2 | P7 (Middle current port) 60 mA
IOH S lours |P1,P6,P7 30 mA
SDIP 300
Power Dissipation [Topr=70°C] PD mw
SOP 180
lin 1.0
Input Current P1, P6, P7 mA
Iin2 -1.0
Soldering Temperature (time) Tsld 260 (10¢9) °C
Storage Temperature Tstg -55t0125 °C
Operating Temperature Topr -30t0 70 °C
Note: The absolute maximum ratings are rated values which must not be exceeded during operation, even for an instant. Any
one of the ratings must not be exceeded. If any absolute maximum rating is exceeded, a device may break down or its
performance may be degraded, causing it to catch fire or explode resulting in injury to the user. Thus, when designing
products which include this device, ensure that no absolute maximum rating value will ever be exceeded.

Recommended Operating Conditions (Vss=0V, Topr= — 30 to 70°C)

Parameter Symbol Pins Conditions Min Max Unit
NORMAL mode
fc=4.2 MHz
Supply Voltage Vpp IDLE mode 1.8 4.0 \"
STOP mode

Input High Voltage Vi Vpp x 0.90 Vpp \
Input Low Voltage Vi 0 Vpp x0.10 \"
Clock Frequency fc XIN, XOUT Vpp=1.8t04.0V 1.0 42 MHz

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

Note 2: Clock frequency fc: Supply voltage range is specified in NORMAL mode and IDLE mode.

Note 3: Minimum of clock frequency: 1 MHz = fcgck
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D.C. Characteristics (Vss=0V, Topr= - 30to 70°C)
Parameter Symbol Pins Conditions Min | Typ. | Max | Unit
Hysteresis Voltage Vs Hysteresis inputs - 0.9 - Y
Nt TEST
Input C t I Tri-stat, t Vop=4.0V 2 2 A
nput Curren IN2 ri-state ports Vi =4.0V/0V - 2
Iin3 RESET, STOP
Rint | TEST 30 70 150
Input Resistance Rinz RESET 100 220 450 kQ
Rina | STOPi i=2to5 30 130 150
Output Leakl Current Lo Tri-state ports Vpp=4.0V,Voyr=4.0V/0V -2 - 2 PA
Output High Voltage Vouz | Tri-state ports Vpp=4.0V, lop= -0.5mA 3.6 - - Vv
Output Low Voltage VoL Except XOUT and P7 Vpp=4.0V, lgL=1.3mA - - 0.4 Y
Output Low Current loLs P7 Vpp=4.0V,Vpo =1.0V - 6 - mA
fe - 2.25 3.6
Supply Currentin
NORMAL mode fegek | fo/2 - 1.35 2.5
fc/a - 0.9 1.9
fc - 1.2 1.9
Supply Currentin
IDLE mode fegek | fe/2 - 0.9 1.7
fc/4 - 0.7 1.5
fc - 1.5 2.5
Supply Currentin
NORMAL mode fegek | fo/2 - 085 | 1.6 mA
fc/a - 0.6 1.2
Iop fc - 0.8 1.4
Supply Currentin
IDLE mode fegek | fo/2 - 0.55 1.1
fc/4 - 0.45 0.9
fc - 0.9 1.3
Supply Currentin
NORMAL mode fegck |f2 | - | 05 | 08
fc/a - 0.3 | 045
fe - 0.35 0.5
Supply Current in
IDLE mode fegek | fo/2 - 0.23 | 0.35
fc/a - 0.17 | 0.26
Supply Currentin Vpp=5.5V 3 05 A
STOP mode Vin=5.3V/0.2V #

Note 1: Typical values show those at Topr =25°C, VDD =4 V.

Note 2: Input Current Iy, Iz The current through resistor is not included, when the input resistor (pull-up or pull-down) is
contained.

Note3: Ipp ; Except for Iper
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A/D Conversion Characteristics (1)

(Vss=0V,Vpp=1.8t0 4.0V, Topr= —30to 70°C)

Parameter Symbol Conditions Min Typ. Max | Unit
V 1.8 - \Y
Analog Reference Voltage AREF oD \Y
Vass Vss
Analog Input Voltage Range VAN Vass - V AREF \Y
Nonlinearity Error - - +2
. 1.8V = Vaggr < 2.7V .
Zero Point Error Vager = Vpp < 4.0 2 <
Vass (Vss) = 0.000 V _ _ +
Full Scale Error ACK = 1 (Note2) +2
Total Error _ _ +4

Note1: Quantizing error is not contained in those errors.
Note2: ACK; bit5 of ADCCR (#000Ey) . conversion time =184 tcy (175.6 us/ at fcgck =4.19 MHz)

A/D Conversion Characteristics (II)

(Vgs=0V,Vpp=2.7t04.0V, Topr= — 30 to 70°C)

Parameter Symbol Conditions Min Typ. Max | Unit
\ 2.7 - \Y
Analog Reference Voltage AREF oD \Y
Vass Vss
Analog Input Voltage Range VAN Vass - V AREF \Y
Analog Reference Current IREE VaRrer = 4.0V, Vags (Vss) = 0.0V - 0.5 1.0 mA

Nonlinearity Error

Zero Point Error

Full Scale Error

Total Error

Vpp= 4.0V

Vass (Vss) =0.000 V
or

Vpp= 2.7V

Vager = 2.700 V

Vass (Vss) =0.000 V

LSB

Note: Quantizing error is not contained in those errors. |
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electron to the sample hold
circuit.

TOSHIBA TMP87C408L/808L
A.C. Characteristics (Vss=0V, Vpp=1.8t04.0V, Topr= -30to 70°C)
Parameter Symbol Conditions Min Typ- Max [ Unit
In NORMAL mode
Machine Cycle Time tcy 0.95 - 4 s
In IDLE mode
High Level Clock Pulse Width twcH For external clock operation
110 - - ns
Low Level Clock Pulse Width twer | fc=4.2MHz
. . ACK=0 46
A/D Conversion Time tapc - -
ACK=1 184 tey
A/D Sampling Time taIN - 4
Note: A/D conversion timing:
Internal circuit for AINO to 5 A/D conversion timing
AIN selector I-I
ADS «

)

EOCF A «

U

AIN I tam | «

selector | 2

I ] ((

o | t 7 -
ADC

conversion

:
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Recommended Oscillating Conditions

(Vss=0V, Topr= -30to 70°C)

G

*

(1) High-frequency Oscillation

*

G

) Oscillation . Recommended Conditions
Parameter Oscillator Frequency Recommended Oscillator G G
4.19 MHz MURATA CSA4.19MG 30 pF 30 pF
(VDD =2.7t05.5V)
MURATA CST4.19MGW - -
High-frequency . MURATA CSA4.00MG 30 pF 30 pF
Ceramic Resonator CSA4.00MGC - -
Oscillation 4 MHz MURATA CST4.00MGW
(VDD =2.7t05.5V) CSTCA.00MG - -
MURATA CSTCS4.00MG - -
XIN XOUT

Note: When used in high electric field such as a picture tube, the package is recommended to be electrically shielded to
maintain a regular operation.

3-08-83

2001-01-22



TOSHIBA TMP87C408L/808L

3-08-84 2001-01-22



	Features
	Pin Assignments 
	Block Diagram
	Pin Function
	Operational Description
	1.　  CPU Core Functions
	1.1  Memory Address Map
	1.2  Program Memory (ROM)
	1.3 Program Counter (PC)
	1.4 Data Memory (RAM)
	1.5 General-purpose Register Banks
	1.6 Program Status Word (PSW)
	1.6.1 Register Bank Selector (RBS)
	1.6.2 Flags (FLAG)

	1.7 Stack, Stack Pointer
	1.7.1 Stack
	1.7.2 Stack Pointer (SP)

	1.8 System Clock Controller
	1.8.1 Clock Generator
	1.8.2 Clock Gear
	1.8.3 Timing Generator
	1.8.4 Stand-by Controller
	1.8.5 Operating Mode Control


	c408_2.pdf
	 
	1.9 Interrupt Controller
	1.9.1  Interrupt Sequence
	1.9.2 Software Interrupt (INTSW)
	1.9.3 External Interrupts

	1.10 Watchdog Timer (WDT)
	1.10.1 Watchdog Timer Configuration
	1.10.2 Watchdog Timer Control
	1.10.3 Watchdog Timer Interrupt (INTWDT)
	1.10.4 Watchdog Timer Reset

	1.11 Reset Circuit
	1.11.1 External Reset Input
	1.11.2 Address Trap Reset
	1.11.3 Watchdog Timer Reset
	1.11.4 System Clock Reset


	2. On-Chip Peripherals Functions
	2.1 Special function register (SFR) and Data Buffer Register (DBR)
	2.2 I/O Ports
	2.2.1 Port P1(P17 to P10)
	2.2.2 Port P6 (P67 to P60)
	2.2.3 Port P7 (P77 to P72)

	2.3 Time Base Timer (TBT)
	2.4 Divider Output (DVO)
	2.5 16-bit Timer/Counter 1 (TC1)
	2.5.1 Configuration
	2.5.2 Control
	2.5.3 Function

	2.6 16-bit Timer/Counter 2 (TC2)
	2.6.1 Configuration
	2.6.2 Control
	2.6.3 Function



	c408_3.pdf
	 
	2.7 Serial Interface (SIO)
	2.7.1 Configuration
	2.7.2 Control
	2.7.3 NOTES FOR USAGE OF SIO

	2.8 8-bit A/D Converter (ADC)
	2.8.1 Configuration
	2.8.2 Control
	2.8.3 Operation

	2.9 Key Wake Up

	Input/Output Circuit
	Electrical Characteristics


