TOSHIBA TMP87C840/C40/HA0/K40/M40A

CMOQOS 8-BIT MICROCONTROLLER

TMP87C840N, TMP87CC40N, TMP87CH40N, TMP87CK40N, TMP87CMA40AN
TMP87C840F, TMP87CC40F, TMP87CH40F, TMP87CK40F, TMP87CMA0AF

The 87C840/C40/HA0/KA0/M4A0A are the high speed and high performance 8-bit single chip microcomputers.
These MCU contain CPU core, ROM, RAM, input/output ports, an A/D converter, six multi-function
timer/counters, two serial mterfaces and two clock generators on a chip. The 87C840/C40/H40/K40/M40A
provide high current output capablllty for LED direct drive.

PART No. ROM RAM PACKAGE OTP MCU
TMP87C840N, . . P64 4
T acon | moxew |--ife | VA
[__TMPB7CCAON__ | 12k x8-bit [___soipea ___| TMP87PHAON/AN_ |
TMP87CCA0F 512 x 8-bit QFP64 TMP87PHAQF/AF
[__TMPB7CHAON _ | 16k xB-bit ___sDIP64 __ | TMPS7PHAON/AN. |
TMP87CHAGF QFP6a TMP87PHAOF/AF
__IMPBZCKAON__ | 24k x8-brt ___SDIP64____| IMP87PM4ON/AN |
TMP87CKA0F 1024 x 8-bit QFP64 TMP87PMAOF/AF |
* TMPS7CMAOAN | 35¢ g bt l___SDIPea | TMP87PMAQAN __ | g"del’
[ TVP8/CMA0AF Ofped ~~ " TMPS7PM4OAF evelopment
FEATURES
@ 8-bit single chip microcomputer TLCS-870 Series SDIP64-P-750
@ Iinstruction execution time : 0.5us (at 8MHz), 12245 (at 32.8kHz)
@412 basicinstructions
® Multiplication and Division (8bits x 8bits, 16bits + 8bits) P
¢ Bit manipulations (Set/Clear/Complement/Move/Test/Exclusive or) e c\/ﬂ}
® 16-bit data operations P
¢ 1-byte jump/subroutine-call (Short relative jump / Vector call) s "i‘r/
@15 interrupt sources {External : 6, Internal: 9) EJ&‘\\W/#‘W
® Allsources have independent latches each, b ;m::g;ggﬁgn
and nested interrupt control is available. TMP87CH40N
e 4 edge-selectable external interruptswith noise reject TMP87CKA40N
e High-speed task switching by register bank changeover TMP87CMA40AN
€8 Input/Output ports (56 pins) TMP87PHAON
¢ High current output : 8pins (typ. 20mA) ¥mg§;$m‘é’£‘~
@ Two 16-bit Timer/Counters TMPB7PMA0AN
¢ Timer, Eventcounter, Programmable pulse generator output, QFP64-P-1420A

Pulse width measurement, External trigger timer, Window modes
#Two 8-bit Timer/Counters
® Timer, Eventcounter, Capture (Pulse width/duty measurement),
PWM output, Programmable divider output modes
@ Time Base Timer (Interrupt frequency :  1Hz to 16kHz)
@ Divider output function (frequency : 1kHz to 8kHz)
@ Watchdog Timer
€ Two 8-bit Serial Interfaces

® Each 8 bytes transmit/receive data buffer TMP87C840F
® Internal/external serial clock, and 4/8-bit mode ¥mgg;ggﬁ%‘;
@ 8-bit successive approximate type A/D converter with sample and hold TMP87CKA0F
¢ 8 analog inputs TMP87CMAOAF
® Conversion time: 23usat8MHz TMP87PHA0F
@ Dual clock operation TMPg;gm:g;F
~ ; ; TMP:
@ Five Power saving operating modes TMPaTPMAOAR

® STOP mode : Oscillation stops. Battery/Capacitor back-up.

Port output hold/high-impedance.
® SLOW mode: Low power consumption operation using low-frequency clock (32.8kHz).
® IDLE1 mode : CPU stops, and Peripherals operate using high-frequency clock. Release by interrupts.
® IDLE2 mode : CPU stops, and Peripherals operate using high and low frequency clock. Release by
interrupts.
® SLEEP mode: CPU stops, and Peripherals operate using low-frequency clock. Release by interrupts.
@ Wide operating voltage : 2.7 to 6V at 4.19MHz/32.8kHz, 4.5 to 6V at 8MHz/32.8kHz
(87C840/C40/H40/K40, 87PHA0/PHA40A/PMA0/PM40A)
2.7 to 5.5V at 4.19MHz/32.8kHz, 4.5 to 5.5V at 8MHz/32.8kHz (87CM40A)
@ Emulation Pod : BMS87CK40NOA
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TOSHIBA

TMP87C840/C40/H40/K40/M40A

PIN ASSIGNMENTS (TOP VIEW)

SDIP64 QFP64
P70~e>( 1 ~«—VDD
P71-»[] 2 ~»P67 (AIN7)
P72->[] 3 -€»P66 (AING)
P73=>[] 4 ~€>~P65 (AINS)
P74-€>[ 5 ~€3-P64 (AINA)
P75>[] 6 ~»P63 (AIN3)
P76 7 P62 (AIN2)}
P77~ 8 ~€3P61 (AIN1)
POO -1 9 ~>P6J (AINO) CFOMONVILIMNMN—ORENOLWLT®
PO1~e>»[1 10 ~«—VAREF (AN per—=CIIf52 PRI F SIS TSI T IS oMo m o ® Gy P35
P02 > -<—\VASS
PO3 <> E —«»P54 (AIN3) P63=—~T53 3 J~=P34
P04 =[] P53 (AING) P64 54 30> P33
POS5 €[] P52 (FWNI/FDO)AINS) Ps~=—TL]55 2T P32
P06 <> [] ~«>P51 (INTATCE) (AING) P66=——TI{56 2T J=—=P31
PO7 > (] <»P50 (INT3/TC3) (AIN7) P67+—L]57 27 3~—P30
(INTO) P10—e>[ ~€»P47 (SO2) vpp——IT{58 26T 0=—Vs$
(INT1) P11 =€ [] P46 (512) pro—-CIT]59 25T —= XOUT
(NT2/TC1) P12~>[ ~»P45 (SCK2) p71==CTT60 24TT J=—XIN
{DVO) P13 ~>[] —»P44 (S01) p72=—~CTr61 23T == RESET
(PPG) P14 > [ <»P43 (SI1) p73+—CILl62 AT I P22{(XTOUT)
Rbiet: et Pra==CIL 2T P21KTI
P17 <] «>Pa0 PSR et o ma 2N DT een o 20T TEST
(INTS/TOP) P20 > (] —-<>»pP37
i = HHHHHHHEREHHEHHHREY
(XTIN) P21 => [ P35
(xToUT) P22 <> O <>p34 EERERRERRRRERRRRED!
RESET ~>-[] ~»P33 eRgoNoTNENO AN TnO~S
XIN—»(] —»P32 fr@2RR2RR@rszaasaaasd
XOUT=e—[] P31 -~ —~
vss—=[] P30 lﬁ’ p ul%li S |8
z 2 -Ble —
Z ekt o
N ~
- ||n
F4 -
= 4
BLOCK DIAGRAM S
Power { voD —>
Supply VSS o
| e 1T
P S W I Stack Pointer | Data Memory rFrogram Counter J
Flags l RBS (RAM)
} ‘ Register Banks
R Jd i J [:
Resetl/O  RESET System Controller
Testpin TEsT Program Memory
Interrupt Controlier l {ROM)
~—>{ Standby Controlier f 1 T T
| EREEREEN
Timing Generator P| Time Base 16-bit 8-bit Serial
Re XIN High Timer Timer/Counters ||| Timer/Counters Interfaces
C {xou. frequ Clock o | v i<l | tca [ sior |\5|oz ot Register
Pins Low | Generator Watchdog
G frequ Timer
4L S 4 d1l
C
8bit
P2 AJD converter m m B m
— ]
\ 4 U U U U U
P22 REF P7 (AINT) P07 P17 P54 pa7 P77 P37
S
P20 Analog \ P60 (AINO) P00 P10 S0 P40 P70 P30 ,
1/O port reference e
voitage (analog inputs) O ports
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TMP87C840/C40/HA0/K40/MA0A

PIN FUNCTION

PIN NAME Input/ Qutput FUNCTION
P07 ~ POO I{e]
Two 8-bit programmable input/output
P17, P16 VO ports (tri-state)
P15(TC2) 3 I/O(Input) | Each bit of these ports can be T:mer/Counteerput L
P14(PPG) individually configured as an input or an Programmable pulse generator output
. 170 (Output) output under software control s
PB(DVO) During reset, all bits are configured as | Divider output
P12 (INTZ/TC1) inputs. $_xterna| interruptinput 2 or
- When used as a divider output or a PPG | Timer/Counter 1nput
P11 (INT1) 170 (Input) output, the latch must be set to “1“. External interruptinput 1
P10 (INTO} External interruptinput 0
P22 (XTOUT) I/O (Output) . i Resonator connecting pins (32.768kHz).
........................................... 3-bitinput/output port with latch. For inputting external clock, XTIN is used
PLXTIV) Jonpuy | When used a3 an input port, the latch [NAXTOUTsopened:
PZO(INTSISTOP) must be set to “1”. External interrupt input 5 or STOP mode
release signal input
P37 ~ P30 Vo 8-bitinput/output port (high current output) with latch.
When used as an input port, the latch must be setto “1”.
P47 (502) 170 (Output) i Sl02 serial data output
. 8-bitinput/output port with latch. .. .
P46 (SI2) [I{e] (lnput) Sl02 senal datalnput
Pas (SCKZ) 170 (l/O) When used as an input port or a SIO SIOZ senal clotk mput/output
. -+ { input/output, the latch must be set to [ - ne e mneeeseeeees
P44 (SOI) o] (Output) wyn SIO1 serxal data output
Pa3 (SI1) [[{e] (Input) SI01 senal data mput
P42 (SCKl) 1/0 (1/0) SI01 senal clock mputloutput
P41, P40 (e}
SAASL R B YO . .| sbitinputioutput port with latch. e
8-bit PWM output or
P52 (PWM/PDO) R IIO (Output) ) When used as an input port, an external | gyt programmable divider output
interrupt input, or a PWM/PDO output, | External interruptinput4 or
P51 (INT4/TC4 y
( .. ) e 110 (Input) the latch must be set to “1°. Timer/Counter 41nput
P50 (INT3/TC3) External interrupt input 3 or
Timer/Counter 3 input
8-bit programmable input/output port
P67 (AIN7) ~ (tri-state) Each bitof the portcanbe .
PEO (AIND 0 (input) individually configured as an input or an A/D converter analog inputs
) output under software control.
8-bit programmable input/output port (tri-state) Each bit of the port can be
P77 ~ P70 o] individually configured as an input or an output under software control. During
reset, all bits are configured as input
Resonator connecting pins for high-frequency clock
XIN, XOuT Input, Output For inputting external clock, XIN is used and XOUT is opened.
RESET Vo Reset signal input or watchdog timer output/address-trap-reset output/system-clock-
reset output
TEST Input Test pin for out-going test. Be tied to low
VDD, V5SS +5V, OV (GND)
Power Supply i
VAREF, VASS Analog reference voltage inputs (High, Low)

3-577
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TOSHIBA

TMP87C840/C40/H40/K40/M40A

OPERATIONAL DESCRIPTION
1. CPU CORE FUNCTIONS

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

1.1  Memory Address Map
The TLCS-870 Series is capable of addressing 64K bytes of memaory. Figure 1-1 shows the memory address

maps of the 87C840/C40/H40/K40/M4A0A.

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 ali I/O registers are mapped
in the SFR/DBR address spaces. There are 16 banks of general-purpose registers. The register banks are
also assigned to the first 128 bytes of the RAM address space.

SFR [ 0000y 00004 0000y 0000y 0000y
64 bytes 64 bytes : 64 bytes 64 bytes 64 bytes
Q03F yt 003F yt 003F v 003F v 003F n
0040 0040 00{10 0040 0040 Register banks
128 bytes 128 bytes * | 128 bytes 128 bytes P 1128bytes | | oqisters x 16 banks)
00BF . .| QOBF Q00BF . 00BF . 00BF
00C0 00Co 00C0 00CO 00C0
: H . 128 bytes
RAM 896 bytes 896 bytes : 384 bytes 384 bytes 013F L
023F 023F :
043F 043F
L= ~ = = = = = = = <
0F80 0F80 0F80 0F80 OF80
DBR 128 bytes 128 bytes 128 bytes 128 bytes : 1128 bytes
OFFF OFFF OFFF OFFF OFFF
8000 AQ00 S H : .
Fol a2 |- o 1 oo L pegeca
- : 16128 .
= bytes = = 24320 L P - DODO 12032 £060 55 instructions
: : bytes bytes bytes bytes T
FFOO FFOO FFOO T FFOO : FFGO T J'
ROM L 192 L . 192 1 oL 192 192
CT bytes T bytess T bytes T bytes : bytes v blo #
g o LT T | g
2 32 b 32 b e )mstructlons
g |2 | e | e | e e | e
ector table for
32 bytes 32 bytes 32 bytes 32 bytes 32 bytes Jlnterruptsl
FFFF A FFFF ki FFFF FEFF FFFF reset (16 vectors)
87CM40A 87CK40 87CH40 87CC40 87C840
Note -
ROM;  ReadOnly Memory includes . 5FR, Special Function Register includes DBR; Data Buffer Register includes .
Program memory YO ports 510 data buffer
RAM;  Random Access Memory inciudes : Peripheral control registers
Data memory Peripheral status registers
Stack System control registers
General-purpose register banks Interrupt control registers
Program Status Word
Figure 1-1. Memory Address Maps
3-578
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TOSHIBA TMP87C840/C40/H40/K40/MA0A

1.2 Program Memory (ROM)
The 87C840 has an 8K x 8-bit (addresses EO00K-FFFFy), the 87CC40 has a 12K x 8-bit (addresses DOQOH-
FFFFR), the 87CH40 has a 16K x 8-bit (addresses CO00H-FFFFL), and the 87CK40 has a 24K x 8-bit (address
AQ00y-FFFFY), and the 87CM40A has a 32K-8-bit (address 80004-FFFFH) of program memory (mask
programmed ROM).
Addresses FFOOH-FFFFH in the program memory can also be used for special purposes.

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

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

(3) Entry area (addresses FFO04-FFFFL) for page call instructions
This is the subroutine entry address area for the page call instructions [CALLP n]. Addresses FFOON-
FFBFy are normally used because address FFCO¥-FFFF are used for the vector tables.

Programs and fixed data are stored in the program memory. The instruction to be executed next is read

from the address indicated by the current contents of the program counter (PC). There are relative jump [
and absolute jump instructions. The concepts of page or bank boundaries are not used in the program

memaory concerning any jump instruction.

Address ROM
Example: The relationship between the 82888 contents
jump instructions and the PC. g%%((’,;:b L
EOOO)) I UExample: The relationship
@ 5-bit PC-relative jump [JRS cc, $+2 +d] : between ROM Contents

E8C4H: JRS T, $+2+08H FFOO and Call group
When JF = 1, the jump is made to E8CEy, : ;‘::;:Ctmnmntermpu
which is 08y added to the contents of the L
PC. (The PC contains the address of the ke |0 : CALLP 78H ; PCeFF7By
instruction being executed +2; I
therefore, in this case, the PC contents
are E8C4Y + 2 = E8CHY.)

FFBF
FFCO | callvector(l) |56 CALLV QH ; PC<C856y
FFC1 call vector (H) c8

® 8-bit PC-relative jump R c¢, $+2+d] FrQ2
E8C4H: JR Z, $+2+80H ]
When ZF = 1, the jump is made to E846y, ——
which is FF80y (- 128) added to the FFEQ [interruptvector ()] 68 INTS ; PCe D368y
current contents of the PC. FFE1 linterrupt vector (H)| D3
FFE2

@ 16-bit absolute jump [IP  a]
E8C4H : JP 0C235H

diti | . de t FFFD

An unconditional jump is made to FFFE resetvector () | 3 RESET : PCeCO3Ey

address C2354. The absolute jump — . o

instruction can jump anywhere within

the entire 64K-bytes space. Figure 1-2. Program Memory Map

reset vector (H) co

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

3-579
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TOSHIBA TMP87C840/C40/H40/K40/M40A

Example 1 : Loadsthe ROM contents at the address specified by the HL register pair
contents into the accumulator (87CH40 : HL= C000,):
LD A, (HL) ; A«-ROM (HL)

Example 2 : Converts BCD to 7-segment code (common anode LED). When A = 054, 92y is
output to port P3 after executing the following program:

ADD A, TABLE-$-4 i P3 <ROM (TABLE + A)
LD (P3), (PC+A) P
IRS T, SNEXT g &gb
TABLE : DB 0COH, OF9H, 0A4H, 0BOH, 99H, 92H, 82H, OD8H, 80H, 98H e gc
SNEXT : TmV oh
Notes:  “$”isa header address of ADD instruction. d
DB 1s a byte data difinstion instruction. /_SE_/
Example 3 : N-way multiple jump in accordance with the contents of P (PC+A) A
accumulator (0=A<3):. .G 34 _____]
SHLC A ; if A=00y then PCe-C234y sg
P (PC+A) if A=01y then PCeC378y  [~""""% [ AR
if A=02y then PCDA37y [ : 37 1]
if A=03y then PC—E1BOy DA
DW 0C234H, 0C378H, ODA37H, OETBOH  fa-ood R
Note : DW s a word data definition instruction. —___

1.3 Program Counter (PC)

The program counter (PC) is a 16-bit register which indicates the program memory address where the
instruction to be executed next is stored. After reset, the user defined reset vector stored in the vector
table (addresses FFFFy and FFFER) is loaded into the PC ; therefore, program execution is possible from
any desired address. For example, when COy and 3Ey are stored at addresses FFFFy and FFFEQ,
respectively, the execution starts from address CO3ER 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 C123 is being
executed, the PC contains C1254.

MsB Lss
+1 a+2 a+3
1514131211109 8 7 6 5 4 3 2 1 0 FC Contents :X a X _= X X X

Program Counter (PC}

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

(b} Timing chart of PC contents and instruction Execution

(a) Configuration

Figure 1-3. Program Counter

3-580
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TOSHIBA TMP87C840/C40/H40/K40/M40A

1.4 Data Memory (RAM)
The 87C840 has a 256 x 8-bit (addresses 00404-013Fy), the 87CC40/H40 have a 512 x 8-bit (addresses
00404-023Fy), and the 87CK40/M40A have a 1K x 8-bit (address 00404-043F) of data memory (static
RAM). Figure 1-5 shows the data memory map.
Addresses 00004-00FFy are used as a direct addressing area to enhance instructions which utilize this
addressing mode; therefore, addresses 00404-00FFy in the data memory can also be used for user flags or
user counters. General-purpose register banks (8 registers x 16 banks) are also assigned to the 128 bytes
of addresses 00404-00BFy. Access as data memory is still possible even when being used for registers. For
example, when the contents of the data memory at address 0040y is read out, the contents of the
accumulator in the bank 0 are also read out. The stack can be located anywhere within the data memory
except the register bank area. The stack depth is limited only by the free data memory size. For more
details on the stack, see section “1.7 Stack and Stack Pointer”.
With the 87C840/C40/H40/K40/M40A, programs in data memory cannot be executed. If the program
counter indicates a specific data memory address (addresses 0040y - 023Fy) , an address-trap-reset is
generated due to bus error. (Output from the RESET pin goes low. )

Example 1 If bit 2 at data memory address 00COy is “1”, 00y is written to data memory at
address 00E3y; otherwise, FF is written to the data memory at address 00E3y.
TEST (00COH).2 ; if (00COy) 2 = 0 then jump
JRS T,SZERO
CLR (00E3H) ; (OOE3y) < 00y
JRS T,SNEXT
SZERO : LD (OOE3H), OFFH ; (00E3y) «FFy
SNEXT :
Example2 . Increments the contents of data memory at address 00F54, and clears to 00y when

104 is exceeded.
INC (0OFSH) ; (O0F5y) & (00F5) + 1
AND (OOF5H), OFH ; (00F5y) & (O0FSy)AOFH
The data memory contents become unstable when the power supply is turned on; therefore, the data
memory should be initialized by an initialization routine. Note that the general-purpuse registers are
mapped in the RAM ; therefore, do not clear RAM at the current bank addresses.

Example 1 Clears RAM to “00K" except the bank 0 (87C840)
LD HL, 0048H ; Setsstart address to HL register pair
LD WA, 0F700H . Setsinitial data (00y) to A register
. Sets number of byte to W register pair
SRAMCLR : LD (HL+), A
DEC w
JRS F, SRAMCLR
Example 2 Clears RAM to “"00H" except the bank 0 (87CC40/H40, 87PH40/PH40A)
LD HL, 0048H ; Setsstart address to HL register pair
LD A H ; Setsinitial data (004) to A register
LD BC, 01F7H . Sets number of byte to BC register pair
SRAMCLR : LD (HL+), A
DEC BC
JRS F, SRAMCLR
Example 3 Clears RAM to “00H" except the bank 0 (87CK40/M40A, 87PM40/PM40A)
Lo HL, 0048H ; Setsstart address to HL register pair
LD A H . Setsimtial data (00) to A register
LD BC, 03F7H ;s Sets number of byte to BC register pair
SRAMCLR : Lo (HL+), A
DEC 8C
JRS F, SRAMCLR
3-581
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Address
0040y

0050
0060
0070
0080
0090
00A0
00BO
00C0
00D0
O0EO
00F0
0100
0110
0120
0130

0140

0230
0240

0250

0420
0430

0 1 2 3 4 5 6

7 8 9 A B C D

E F

Register bank 0
Register bank 2

Register bank 8

Register bank 4

Register bank 6

Register bank 10

Registerbank 1

Registerbank 3

_Registerbank 9

Register bank 11

. _Registerbank5 =
. Registerbank?7 =

Register bank 12 . .Registerbank 13 |
Register bank 14 _Register bank 15
N fesssatannas

Figure 1-4.

Data Memory Map

Direct addressing area

The 87C840 does
not have this area
(01404-043F) of
RAM.

Note :

The 87CC40/H40
does not have this
area (0240,-043Fy)
of RAM.

M 9097249 0027640 772 WA
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TOSHIBA TMP87C840/C40/H40/K40/MA0A

1.5 General-purpose Register Banks
General-purpose registers are mapped into addresses 00404-00BFy in the data memory as shown in
Figure 1-4. 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.

bank 15 (00B8~00BF})

bank 14 (00BO~00B7) Exa"vﬂvp'ef Ba:\" 0
bank 13 (00A8~00AFy) :

bank 12 (00A0~00A7y) {0041y - (0040y)

B ¢
) (0043y) ; (00424)

bank 4 (0060~0067) D E
bank 3 (0058~005F) (0045y) = (0044y)

e b bank 2 (0050~0057;) H i L
H § L bank 1 (0048~004Fy) (0047),) : (00464)

bank 0 (0040~0047,,)

(a) Configuration (b) Address assignments of registers

Figure 1-5. General-purpose Register Banks

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

(1) A, WA
The 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 ailso 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 1234, from WA contents and stores the result into WA.
) suB E A ,; Subtracts A contents from E contents, and stores the result into E.
(2) HL,DE

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

Example1: @ LD A, (HL) ; Loads the memory contents at the address specified by HL into A.

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

<] LD A, {(HL+Q) ; Loads the memory contents at the address specified by the value
obtained by adding the register C contents to HL contents into A.

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

® LD A, (-HL) ; Decrements HL. Then loads the memory contents at the address

specified by new HLinto A.

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

3-583
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Example 2 : Block transfer

LD B, n-1 5 Sets (number of bytes to transfer} - 1to B
LD HL, DSTA ; Setsdestination address to HL
LD DE, SRCA ; Setssource address to DE
sLooP: LD (HL), (DE) ; (HL) «(DE)
INC HL
INC DE
DEC B
IRS F, SLOOP

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

cl.
Example 1 : Repeat processing
b Bn. ; Setsn as the number of repetitions to B
SREPEAT: @ _Pprocessing {n + 1times processing)
DEC B
JRS F, SREPEAT

Example2 : Unsigned integer division (16-bit + 8-bit)
DIV WA, C ; Duvides the WA contents by the C contents, places the
quotient in A and the remainderinW.

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

Together with the flag, the RBS is assigned to address 003Fy in the SFR as the program status word (PSW).
There are 3 instructions [LD RBS, n], [PUSH PSW], [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€ PSW (A3« RBS, Ay_g<Flags)

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

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

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

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

Interrupt processin

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

1.6.1 Register Bank Selector (RBS)

The register bank selector (RBS) is a 4-bit register used to select 7 8 o 4 3 2 1 9

general-purpose register banks. For example, when RBS =2, IF D ZF . CF i HF " RBS

bank 2 is currently selected. During reset, the RBS is initialized to

“0". Figure 1-6. PSW (Flags, RBS) Configuration
1.6.2 Flags

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

(1) Zeroflag (ZF)
The ZF is set to “1” if the operation result or the transfer data is 00y (for 8-bit operations and data
transfers)/0000y (for 16-bit operations); otherwise the ZF is cleared to "0”.
During the bit manipulation instructions [SET, CLR, and CPL], the ZF is set to 1" if the contents of the
specified bit1s “0”; otherwise the ZF is cleared to “0".
This flag is set to “1” when the upper 8 bits of the product are 00y during the multiplication
instruction [MUL], and when 00y for the remainder during the division instruction [DIV]; otherwise it
1s cleared to “0”.

(2) Carry flag (CF)
The CF is set to “1” when a carry out of the MSB (most significant bit) of the result occurred during
addition or when a borrow into the MSB of the result occurred during subtraction; otherwise the CF
is cleared to “0". During division, this flag is set to ”1” when the divisor is 00y (divided by zero error),
or when the quotient is 100y or higher (overflow error); otherwise it is cleared. The CF is also
affected during the shift/rotate instructions [SHLC, SHRC, ROLC, and RORC]. The data shifted out
from a register is set to the CF.
This flag is also a 1-bit register (a boolean accumulator) for the bit manipulation instructions.
Set/clear/complement are possible with the CF manipulation instructions.

Example1 : Bit manipulation

LD CF, (0007H).5 ;. (00014); « (00074)s ' (009AR)o
XOR CF, (009AH) ©
LD (0001H). 2, CF
Example2 : Arithmetic right shift
LD CF,A.7 ., AcA/2
RORC A

(3) Half carry flag (HF)
The HF is set to 1" when a carry occurred between bits 3 and 4 of the operation result during an 8-
bit addition, or when a borrow occurred from bit 4 into bit 3 of the result during an 8-bit
subtraction; otherwise the HF is cleared to “0". This flag is useful in the decimal adjustment for BCD
operations (adjustments using the [DAA r], or [DAS r]instructions).
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Example : BCD operation
(The A becomes 47y after executing the following program when A = 19y, B = 28y)
ADD A B ; Aedly, HFe1
DAA A ; Ae41y + 06y = 47y (decimal-adjust)

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

Example : Jump status flag and conditional jump instruction

INC A

JRS T, SLABLE? ; Jump when a carry is caused by the immediately
H preceding operation instruction.

LD A, (HL)

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

Example :The accumulator and flags become as shown below after executing the following instructions
when the WA register pair, the HL register pair, the data memory at address 00C5y, the carry flag
and the half carry flag contents being “219A4”, “00C51", “D74", “1" and “0", respectively.

Instruction Acc. after Flag-after execution Instruction Acc. after | Flag after .execu'tion
execution | JF i ZF ° CF | HF execution | JF i ZF ; CF ! HF

ADDC A, (HL) 72 1tio 19 NC A 98 oioit1lo
SUBB A, (HU o) 1ioi1io ROLC A 35 1ioi1 o
P A, (HD 9A 0%0;120 RORC A =N ofoéo?o
AND A, (HL) 92 0io0 i1, 0 ADD WA,0FS08H | 16A2 | 1 . 0 i 1 0
LD A (HD b7 ot MUL W, A 13DA o§0§1fo
ADD A, 66H 00 1111 SET A5 BA 1110

1.7 Stack and Stack Pointer

1.7.1 Stack
The stack provides the area in which the return address or status, etc. are saved before a jump is
performed to the processing routine during the execution of a subroutine call instruction or the
acceptance of an interrupt. On a subroutine call instruction [CALL a]/ [CALLP n]/ [CALLV n], the contents
of the PC (the return address) is saved; on an interrupt acceptance, the contents of the PC and the PSW
are saved (the PSW is pushed first, followed by PC and PCy). Therefore, a subroutine call occupies two
bytes on the stack; an interrupt occupies three bytes.
When returning from the processing routine, executing a subroutine return instruction [RET] restores the
contents to the PC from the stack; executing an interrupt return instruction [RETI] / [RETN] restores the
contents to the PC and the PSW (the PC| is popped first, followed by PCH and PSW).
The stack can be located anywhere within the data memory space except the register bank area,
therefore the stack depth is limited only by the free data memory size.
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1.7.2 Stack Pointer (SP)
The stack pointer (SP) is a 16-bit register containing the address
of the next free locations on the stack.
The SP is post-decremented when a subroutine call or a push
instruction is executed, or when an interrupt is accepted; and
the SP is pre-incremented when a return or a pop instruction is Figure 1-7. Stack Pointer
executed. Figure 1-8 shows the stacking order.
The SP is not initialized hardware-wise but requires initialization by an initialize routine (sets the highest
stack address). [LD SP, mn], [LD SP, gg] and [LD gg, SP] are the SP access instructions (mn ; 16-bit
immediate data, gg ; register pair).

MsB Lss
51413121110 9 8 7 6 543210

Stack Pointer (SP)

Example 1:To initialize the SP

LD SP, 013FH ; SPe013Fy
Example 2 : To read the SP
Lo HL, SP ; HLeSP
At acceptance
of interrupt
At execution of or At execution of
a CALL/CALLV/CALLP at execution of At execution of a RETI/RETN
instruction aSWlinstruction a RET instruction instruction
013C 013C 013C
013D 013D 013D PC,
013E 013E 013t PCy
W
O13F 013k O13F | Psw- 0040y
: stack
: depth
SP before 013C :
SP before [o73F 013F 013D ; o i
SP after { + + 013F (©23).
a
execotion 013D 013C 013F
(a) Stacking order (b) Stack depth

Figure 1-8. Stack

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

Timing generator control register

Clock TBTCR
generator 00364 C
: fe

i XIN .
T D High-frequency - Timing
O I Stand-by controller
_| T D clock oscillator generator
XOouT ’
b : RER)
’_{ XTIN System clocks
ElI [j[ : Low-frequency s 0038, 0039y
__{ T EI : clock oscillator : I SYSCR1 | ﬁ SYSCR2
XTouT "+ ¢ :
77 Voo e e e e e - 8 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. It contains two oscillation circuits: one for the high-frequency clock and one
for the low-frequency clock. Power consumption can be reduced by switching of the system clock
controller to low-power operation based on the low-frequency clock.

The high-frequency (fc) and low-frequency (fs) clocks can be easily obtained by connecting a resonator
between the XIN/XOUT and XTIN/XTOUT pins, respectively. Clock input from an external oscillator is also
possible. In this case, external clock is applied to the XIN/XTIN pin with the XOUT/XTOUT pin not
connected. The 87C840/C40/H40/K40/M40A are not provided an RC oscillation.

[t High-frequency clock "~ ~=========== 1 | Low-frequency clock ===~ =~"==="~"=" N
1 1 1 1
) 1 1 1}
H XOouT XOUT L 1 XTIN XTOUT XTIN XTOUT H
' 1 1 D 1
H i 1 :
{ (0pen) | : (open) |
] 1 ¥ 1
: tod ] :
1 1 1 ]
1 1 i 1
1 1 [} 1
H i H i
1 i i 3 i
| | i i
i (a) Crystal/Ceramic (b) External oscillator | 1 (c) Crystal (d) External oscillator H
] resonator i i |

Figure 1-10. Examples of Resonator Connection

Note:  Accurate Adjustment of the Oscillation Frequency:
Although no hardware to externally and directly monitor the basic clock pulse is not provided,
the oscillation frequency can be adjusted by 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.
Example: To output the high-frequency oscillation frequency adjusting monitor pulse to P13
(DVO) pin.
SFCCHK: LD  (P1CR), 000010008 ; ConfiguresportP13 asan output
SET  (P1).3 ; P13outputlatch e 1 output waveform
LD  (TBTCR), 11100000B ; Enables divider output
RS T, $ ; Loops endless -~ {1024 —>

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

@ Generation of main system clock

@ Generation of divider output (DVO) pulses

@ Generation of source clocks for time base timer

@ Generation of source clocks for watchdog timer

® Generation of internal source clocks for timer/counters TC1 -TC4
® Generation of internal clocks for serial interfaces SIO1 and Si02
@ Generation of warm-up clocks for releasing STOP mode

® Generation of a clock for releasing reset output

(1) Configuration of Timing Generator
The timing generator consists of a 21-stage divider with a divided-by-4 prescaler, a main system clock
generator, and machine cycle counters. An input clock to the 7th stage of the divider depends on
the operating mode and DV7CK (bit 4in TBTCR) shown in Figure 1-11 as follows.
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During reset and at releasing STOP mode, the divider is cleared to “0", however, the prescaler is not
cleared.

@® Inthesingle-clock mode
A divided-by-256 of high-frequency clock (f¢/28) is input to the 7th stage of the divider.

@ Inthe dual-clock mode
During NORMAL2 or IDLE2 mode (SYSCK = 0), an input clock to the 7th stage of the divider
can be selected either “fc/28" or “fs" with DV7CK.
During SLOW or SLEEP mode (SYSCK = 1), fs is automatically input to the 7th stage. Toinput
clock to the 1st stage is stopped ; output from the 1st to 6th stages is also stopped.

— . fm X machine cycles
| main system clock generator machine cycle counters states
SYSCK T )
DV7CK
prescaler divider H divider
High-frequency,_ fc fc/4 fd22ia
clock 1|2 l1 2(3a(s|s 8 7|8 |9 |10]11|12|131a{15]16|17|18|19{20(21
Low-fi f: .
cI::k requency > fs MPX Reset circuit
>—>) Stand-by
-~ controller
€
Timer/ L >
Counters Watchdog
Timer
———
. e ————
Serial Time Base
Interfaces Timer
Divider
output circuit
Note : MPX; Multiplexer
Figure 1-11. Configuration of Timing Generator
5 1 R
TBTCR I(DVOEN)I (DVOCK) | DV7CK I (TBTEN) l (TBTCK) J (initial value: 0**0 Qx%x)
(0036;) . .
Selection of input clock to I 0 :fc/28 [Hz I J
| ov7CK |the 7th stage of the divider 1:fs [Ha] W
Notel : fc; high-frequency clock [Hz], fs; low-frequency clock [Hz], * ; don’t care
Note2: Do notset DV7CK to “1”n the single-clock mode.
Note3: Do notset DV7CK to "1” before low-frequency clock is stable in the dual-clock mode.

Figure 1-12. Timing Generator Control Register

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

~———
Main System Clock
Gl Ny Ny Sy S Yy Yy Yy Ny B
! 1
state | 5o st | s2 3 so | st | s2 [ s3 |
)
1

re—————Machine cycle ———————>»!

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

Figure 1-13. Machine Cycle

1.8.3 Stand-by Controller
The stand-by controller starts and stops the oscillation circuits for the high-frequency and low-frequency
clocks, and switches the main system clock. There are two operating modes: single-clock and dual-clock.
These modes are controlled by the system control registers (SYSCR1, SYSCR2).
Figure 1-14 shows the operating mode transition diagram and Figure 1-15 shows the system control
registers. Either the single-clock or the dual-clock mode can be selected by an option during reset.

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

@ NORMAL1 mode
In this mode, both the CPU core and on-chip peripherals operate using the high-frequency
clock. In the case where the single-clock mode has been selected as an option, the
87C840/C40/HA40/K40/M40A are placed in this mode after reset.

® IDLE1 mode

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

@ STOP1 mode

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

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

M 9097249 QgO027b48 ThH3 HE 3-590

Powered by | Cniner.comEl ectronic-Library Service CopyRi ght 2003



TOSHIBA TMP87C840/C40/H40/K40/MA0A

(2) Dual-clock mode

Both high-frequency and low-frequency oscillation circuits are used in this mode. Pins P21 (XTIN)
and P22 (XTOUT) cannot be used as input/output ports. The main system clock is obtained from the
high-frequency clock in NORMAL2 and IDLE2 modes, and is obtained from the low-frequency clock
in SLOW and SLEEP modes. The machine cycle time is 4/fc [s] (0.5 us at fc=8MHz) in NORMAL2 and
IDLE2 modes, and 4/fs [s] (122 us at fs =32.768kHz) in SLOW and SLEEP modes. Note that the 87PH40
is placed in the single-clock mode during reset. To use the dual-clock mode, the low-frequency
oscillator should be turned on by executing [SET (SYSCR2).XTEN] instruction.

@ NORMALZ2 mode
In this mode, the CPU core operates using the high-frequency clock. On-chip peripherals
operate using the high-frequency clock and/or low-frequency clock. In case that the dual-
clock mode has been selected by an option, the 87C840/C40/H40/K40/M40A are placed in
this mode after reset.

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

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

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

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

reset release

software software
IDLE1 <= | NORMAL1 STOPY
mode mode mode
interrupt STOP pin input

(a) Single-clock mode

RESET2

reset release

software
IDLE2 NORMAL2
mode mode
interrupt
oft| s
ar STOP pin STOP2
mode
software
SLEEP SLOW -
mode mode L-=7 software
interrupt

(b) Dual-clock made

Note : NORMAL1 and NORMAL2 modes are
generically called NORMAL; STOP1 and
STOP2 are called STOP; and IDLE1, IDLE2 and

SLEEP are called IDLE.
. Frequency On-chip Machine cycle
Operating mode |— CPU core X X
High-frequency | Low-frequency Peripherals time
~ | RESET1 reset reset
v .
° turning on
S | NORMALY s . operate a/fc[s]
‘z oscillation tu"t“f"g.°ff i operate
< |IDLET oscillation -
< - halt
A turning off —
STOP1 oscillation halt
RESET2 reset reset
turning on
« |NORMAL2 ng High-frequency operate Afels]
S oscillation . {High and/or Low)
2 ioLe2 turning on halt
i < oscillation
© |SLOwW Low-frequency
=3
a turning off Low-frequency a/fs [s)
SLEEP .
oscillation halt
turning off a —
STOP2 oscillation halt

Figure 1-14. Operating Mode Transition Diagram
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System Control Register 1

7 3 2 1 0
YSCR1 Lo Yl
?0038..;) { stop | rewm [ rem Jouten]  wur | o (Initial value: 0000 00#*)
0 : CPU core and peripherals remain active
sToP STOP mode start 1 : CPU core and peripherals are halted
(start STOP mode)
RELM Release method 0 : Edge-sensitive release
for STOP mode 1 : Level-sensitive release
Operating mode 0 : Return to NORMAL mode RAW
RETM after STOP mode 1 : Return to SLOW mode
OUTEN Port output control 0 : High-impedance
during STOP mode 1 : Remain unchanged
. . 00: 3x2%/fc or 3x2%/1fs [s]
wyt | Warming-up time at o1:  29/fc or 291
releasing STOP mode
1* :  Reserved

Note1:  Alwaysset RETM to “0” when transiting from NORMAL1 mode to STOP1 mode and from
NOMALZ2 mode to STOP2 mode. Alwaysset RETM to “1” when transiting from SLOW mode to
STOP2 mode,

Note 2 : When STOP mode is released with RESET pin input, a return is made to NORMAL mode regardiess
of the RETM contents

Note3: fc ; high-frequencyclock [Hz]
fs ; low-frequencyclock [Hz]
* , don‘t care

Note4:  Bits 1and0inSYSCRIT are read in as undefined data when a read instruction is executed.

System Control Register 2

0
YSCR2 . M T
(soos;é“) 1 XEN I XTEN l syscxl IDLE | B (inttial vatue: 10/100 #x%x)
XEN High-frequency osciifater | 0 : Turn off oscillation
control 1 :Turnon osallation
XTEN Low-frequency oscillator | 0 :Turnoff oscliation
contral 1 : Turnon oscillation
Mai t lock select
ain system clock selec . .
SYSCK (write)/main system clock 0 . High-frequency dock
X 1 : Low-frequency clock
monitor (read)
0 : CPU and watchdog timer remain active
IDLE IDLE mode start 1 : CPU and watchdog timer are stopped (start IDLE mode)
Note 1:  Aresetisapplied (RESET pin output goes low) (f both XEN and XTEN are cleared to "0”.
Note 2 . Do not clear XEN to “0” when 5YSCK =0, and do not clear XTEN to “0” when SYSCK =1.
Note 3 : WDT, watchdog timer, *; don‘t care
Note4:  Bits3-0inSYSCR2 are always read in as “1” when a read instruction i1s executed.
Note5:  Anoptional initial value can be selected for XTEN. Always specify when ordering ES (engineering
sample).

XTEN | operating mode after reset

0 Single-clock mode (NORMALT1)
1 Dual-clock mode (NORMAL2)

Figure 1-15. System Control Registers
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1.8.4 Operating Mode Control

(1) STOP mode (STOP1, STOP2)
STOP mode is controlled by the system control register 1 (SYSCR1) and the STOP pin input. The STOP
pin is also used both as a port P20 and an INT5 (external interrupt input 5) pin. STOP mode is started
by setting STOP (bit 7 in SYSCR1) to “1”. During STOP mode, the following status is maintained.
@ Oscillations are turned off, and all internal operations are halted.
® The data memory, registers and port output latches are all held in the status in effect before
STOP mode was entered. The port output can be select either output hold or high-
impedance by setting OUTEN ( bit 4 in SYSCR1).
@ The divider of the timing generator is cleared to “0".
@ The program counter holds the address of the instruction following the instruction which
started the STOP mode.
STOP mode includes a level-sensitive release mode and an edge-sensitive release mode, either of
which can be selected with RELM (bit 6 in SYSCR1).

a. Level-sensitive release mode (RELM = 1)
In this mode, STOP mode is released by setting the STOP pin high. This mode is used for
capacitor back-up when the main power supply is cut off and long term battery back-up.
When the STOP pin input is high, executing an instruction which starts the STOP mode will not
place in STOP mode but instead will immediately start the release sequence (warm-up). Thus, to
start STOP mode in the level-sensitive release mode, it is necessary for the program to first
confirm that the STOP pin input is low. The following method can be used for confirmation:
® Using an external interrupt input INT5 (INT5 is a falling edge-sensitive input).

Example : Starting STOP mode with an INT5 interrupt.

PINTS : TEST P2).0 ; Toreject noise, the STOP mode does not start if
JRS F, SINTS port P20 is at high
LD {SYSCR1), 010000008 ; Setsup the level-sensitive release mode.
SET (SYSCR1).7 ; Starts STOP mode

SINTS : RETI

STOP pin \ \
xourin [T ; QU

N v
RvARvay

NORMAL | STOP NORMAL
AL, /N e
operation operation \_ Warm-up —’: operation
Confirm by program that the STOP mode is released by the hardware.
SZ%PS‘_’I_'S""’W;'S low and Always released if the STOP
sta mode. pin input is high.

Figure 1-16. Level-sensitive Release Mode

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

Example : Starting STOP mode operation in the edge-sensitive release mode

LD (SYSCR1), 100000008 ;  OUTEN & 0 (specifies high-impedance)
DI ; IMF «Q (disables interrupt service)
SET {SYSCR1).STOP ; STOP &« 1 (activates stop mode)

LDW (I),1110011101010111B ; 1L12,11,7,5,3«0

(clears interrupt latches)
; IMF « 1 (enablesinterrupt service}

e

o ﬁ o F N \

NORMAL STOP — e STOP
operation operation Warm-up e NORMAL operation
/ operation /
STOP mode started

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

edge of STOP pininput.

Figure 1-17. Edge-sensitive Release Mode

STOP mode is refeased by the following sequence:

® In the dual-clock mode, RETM (bit 5 in SYSCR1) can be selected to return to NORMALZ2 or
SLOW mode after STOP mode is released. When returning to NORMAL2, both the high-
frequency and low-frequency clock oscillators are turned on ; when returning to SLOW
mode, only the low-frequency clock oscillator is turned on. In the signal-clock mode, only
the high-frequency clock oscillator is turned on.

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

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

Return to NORMAL1 mode Return to SLOW mode
WwuT At fc = 4.194304MHz At fc=8MHz wuT Atfs=32.768kHz
3x2%/fc [3) 375 [ms] 196.6 [ms] 3x2%/1fs 5] 750 [ms]
29/ 1c 125 65.5 23/ 1s 250

Table 1-1. Warming-up Time example
Note: The warming-up time is obtained by dividing the basic clock by the divider: therefore,
the warming-up time may include a certain amount of error if there is any fluctuation
of the oscillation frequency when STOP mode is released. Thus, the warming-up time
must be considered an approximate value. -

STOP mode can also be released by setting the RESET pin low, which immediately performs the
normal reset operation.
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Note: When STOP mode is released with a low hold voltage, the following cautions must be

observed.

The power supply voltage must be at the operating voltage level before releasing
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 (IDLE1, IDLE2, SLEEP)
IDLE mode is controlled by the system control register
2 and maskable interrupts. The following status is
maintained during IDLE mode.

® Operation of the CPU and watchdog timer is
halted. On-chip peripherals continue to
operate.

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

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

Example : Starting IDLE mode.
SET (SYSCR2). 4 ; IDLEe1

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 from IDLE1 to NORMALT1, from IDLE2 to
NORMAL2, and from SLEEP to SLOW mode.

a. Normal release mode (IMF = “0")
IDLE mode is released by any interrupt source
enabled by the individual interrupt enable flag
(EF) or an external interrupt 0 (INTO pin) request.
Execution resumes with the instruction following
the IDLE mode start instruction (e.g. [SET
(SYSCR2).4]).

b. Interrupt release mode (IMF = “1”)

Starting IDLE mode }
by instruction

| CPU, WDT are halted |

———————————>|
Reset input

No (high)

Reset

Normal )
release mode

Interrupt request

No

Yes {Interrupt release mode)

I Interrupt processing |

—

Execution of the
instruction which follows
the IDLE mode start
instruction

L

Figure 1-19. 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 O (INTO pin) 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. After reset, the 87C840/C40/H40/K40/M40A are placed in NORMAL mode.

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

started.
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(3) SLOW mode
SLOW made is controlled by the system control register 2 and the timer/counter 2.

a. Switching from NORMAL2 mode to SLOW mode
First, set SYSCK (bit 5 in SYSCR2) to switch the main system clock to the low-frequency clock.
Next, clear XEN (bit 7 in SYSCR2) to turn off high-frequency oscillation.
When the low-frequency clock oscillation is unstable, wait until oscillation stabilizes before
performing the above operations. The timer/counter 2 (TC2) can conveniently be used to
confirm that low-frequency clock oscillation has stabilized.

Example1 : Switching from NORMAL2 mode to SLOW mode.

SET (SYSCR2).5 i SYSCKe-1  (Switches the main system clock to the
low-frequency clock)
CLR (SYSCR2).7 ; XENe0 {turns off high-frequency oscillation)

Example2: Switching to SLOW mode after low-frequency clock oscillation has stabilized.

LD {TC2CR), 14H ; Sets TC2 mode
(timer mode, source clock : fs)
LDW {TREG2), 8000H ; Setswarming-up time
(according to Xtal characteristics)
LD (TC2CR), 34H ; Starts TC2
PINTTC2: LD (TC2CR), 10H ; Stops TC2
SET (SYSCR2}.5 5 SYSCKe1
CLR (SYSCR2) .7 ; XENe0
RETI
VINTTC2 : DW PINTTC2 ; INTTC2 vector table

b. Switching from SLOW mode to NORMAL2 mode
First, set XEN (bit 7 in SYSCR2) to turn on the high-frequency oscillation. When time for
stabilization (warm-up) has been taken by the timer/counter 2 (TC2), clear SYSCK (bit 5 in
SYSCR2) to switch the main system clock to the high-frequency clock.
SLOW mode can also be released by setting the RESET pin low, which immediately performs the
reset operation. After reset, the 87C840/C40/H40/K40/M40A are placed in NORMAL mode.

Example : Switching from SLOW mode to NORMAL2 mode (fc = 8MHz, warming-up time is about

7.9ms).
SET (SYSCR2) .7 i XENe-1 (turns on high-frequency oscillation)
LD (TC2CR), 10H ; Sets TC2 mode
(timer mode, source clock: fc)
LD {TREG2 + 1), OF8H ; Setsthe warming-up time
(according to frequency and resonator characteristics)
LD (TC2CR), 30H s Starts TC2
PINTTC2: LD {TC2CR), 10H ; Stops TC2
CLR (SYSCR2).5 ; SYSCKe0  (Switches the main system clock to the
high-frequency clcok)
RET!
VINTTC2 : bw PINTTC2 5 INTTC2 vector table
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1.9 Interrupt Controller
The 87C840/C40/HA0/K40/M40A each have a total of 15 interrupt sources: 6 externals and 9 internals.
Nested interrupt control with priorities is also possible. Two of the internal sources are pseudo non-
maskable interrupts; the remainder are all maskable interrupts.
Interrupt latches (IL) that hold the interrupt requests are provided for interrupt sources. Each interrupt
vector is independent.
The interrupt latch is set to “1” when an interrupt request is generated and requests the CPU to accept
the interrupt. The acceptance of maskable interrupts can be selectively enabled and disabled by the
program using the interrupt master enable flag (iMF) and the individual interrupt enable flags (EF).
When two or more interrupts are generated simultaneously, the interrupt is accepted in the highest
priority order as determined by the hardware. Figure 1-22 shows the interrupt controller.

Interrupt Source Enable Condition Im,_eartrcl:.]pt Ve;:ﬂr:? le Priority
lEr;tteerrr:]aalll (Reset) Non-Maskable . FFFEY High ©
Internal | INTSW  (Software interrupt) Pseudo — FFFCH 1
Internal | INTWDT (Watchdog Timer interrupt) non-maskable iL FFEAL 2
External | INTO (External interrupt 0) IMF=1, INTOEN=1 L3 FFF8y 3
Internal | INTTC1  (16-bit TC1 interrupt) IMF-EFg=1 19} FFF6y 4
External |INT1 (External interrupt 2) IMF - EFs=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 FFFOy 7
Internal [ INTTC3  (8-bit TC3interrupt) IMF - EFg=1 ILg FFEEY 8
Internal | INTSIO1 (Serial Interface 1 interrupt) IMF + EFg=1 Ly FFECH 9
Internal [ INTTC4  (8-bit TC4interrupt) IMF-EFg=1 Lo FFEAY 10
External |INT3 (External interrupt 3) IMF-EF1=1 1Ly FFE8Y 11
External |[INT4 (External interrupt 4) IMF + EFy2 =1 Ly FFE6y 12
Internal | INTSIO2 (Serial interface 2 interrupt) IMF:EF13=1 IL13 FFE4Y 13
internal [INTTC2  (16-bit TC2 interrupt) IMF - EF153=1 lL1a FFE2y 14
External |INTS (External interrupt 5) IMF-EF15=1 ILys FFEOY tow 15

Table 1-2. Interrupt Sources

(1) InterruptLatches (IL 15~3)
Interrupt latches are provided for each source, except for a software interrupt. The latch is set to
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 003Cy and 003Dy in the SFR. Each latch can be
cleared to “0” individually by an instruction; however, the read-modify-write instruction such as bit
manipulation or operation instructions cannot be used. Thus, interrupt requests can be cancelled
and initialized by the program. Note that interrupt latches cannot be set to “1” by any instruction.
The contents of interrupt latches can be read out by an instruction. Therefore, testing interrupt
requests by software is possible.

wqn

Example 1 :Clears interrupt latches
LDW (IL), 1110100000111111B ;1L12, ILig~ILge=0
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Example 2 : Reads interrupt latches

LD WA, (IL) s Wely, Aell
Example 3: Tests an interrupt latch

TEST (1L).7 ; 1flLy =1 thenjump

JR F, SSET

2)

Interrupt Enable Register (EIR)

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

The EIR consists of an interrupt master enable flag (IMF) and individual interrupt enable flags (EF).
These registers are assigned to addresses 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,
except for pseudo non-maskable interrupts. Clearing this flag to “0” disables the
acceptance of all maskable interrupts. Settingto 1" enables the acceptance of interrupts.
When an interrupt is accepted, this flag is cleared to “0” to temporarily disable the
acceptance of maskable interrupts. After execution of the interrupt service program, this
flag is set to “1” by the maskable interrupt return instruction [RET!] to again enable the
acceptance of interrupts. If an interrupt request has aiready been occurred, interrupt
service starts immediately after execution of the [RETI] instruction.
Pseudo non-maskable interrupts are returned by the [RETN] instruction. In this case, the IMF
is set to ”"1” only when pseudo non-maskable interrupt service is started with interrupt
acceptance enabled (IMF = 1). Note that 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 [El] and [DI] instructions, and the [MF is
initialized to “0” during reset.
Note : Do notsetIMF to “1”“during non-maskable interrupt service programs.

Individual interrupt Enable Flags (EF15~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”.

LbW (EIR), 11101000101000018 ;  EFy5~EF3, EFyq, EF7, EF5, IMFe1
Example 2 :Sets an individual interrupt enable flag to “1”.
SET (EIRH).4 . EFgzed
" 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 .
(003€, 603Dy) [Ms lia gz 1Lz - llay ILip Mo - g | Iy I s . Iy I3 L, |
1Ly (003D4) 1L, (003Cp)
(Inittal Value : 00000000 000C00**)
EIR - - .
(0034 G038, LEF1s EFia EFyz EFyy EFyy EFig: EFg EFg | EFy - EFg EFs EFg | " [vF ]
EIRy (003By) EIR_ (003Ay)
(Initial Value : 00000000 0000***0)

Figure 1-23. Interrupt Latch (IL) and Interrupt Enable Register (EIR)

B 95097249

3-603
0027bbl uT? M

Powered by | Cniner.comEl ectronic-Library Service CopyRi ght 2003



TOSHIBA TMP87C840/C40/H40/K40/M40A

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

Interrupt acceptance processing is as follows:

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

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

@ The contents of the program counter (return address) and the program status word are
saved (pushed) onto the stack.

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

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

I Interrupt service task >
1 machine cycle
= [ [ T T TR AR N T AN Y T SR O TN AN NN [N SR N S B
Interrupt ) 1 1 )
signal ) | ] ]

1 ] 1] :

il | ]
Interrupt ' ! 1 1
latch A | H ! !

1 1 1 ]

13 ) 1 ]

— 1

IMF ' H I 1

! Note 2 3 Id '

Vole————! ! '

1 1 1 ]

H A
:’;;::3:;?1" x ecution, X Interrupt acceptance L',‘f,‘:ﬂ;‘(',?," A\ RETI instruction execution
< X
SP n -
Notel : a, return address, b ; entry address, ¢ address when the RETI instruction 1s stored
Note2 : The maximum response time from when an IL is set until an interrupt acceptance processing starts 1s
2/fm to 38/fm [ s].

Figure 1-24. 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
FFF2y D203y
FFF3y D204y

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

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

M 9097249 0027bbL2 333 EE 604
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Example 1 : Disables an external interrupt 0 using INTOEN:
LD (EINTCR), 000000008 ; INTOEN&O
Example 2 : Disables the processing of external interrupt 0 under the software control (using bit 0
at address 00F0 as the interrupt processing disable switch):

PINTO : TEST (OOFOH) . 0 ; Returns without interrupt processing if {(00F0g)g = 1
JRS T, SINTO
RETI

SINTO:  Initerript processing
RETI ’

VINTO : Dw PINTO

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 changeove:
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 : LD RBS, n ; Switches to bank n (1.5 @8MHz)
Interrupt processing -
RET! ; Restores bank and Returns
main task main task
acceptance of interrupt acceptance of interrupt
bankm interrupt service task interrupt service task
Switch to bank by \ saving
[LD RBS, n]or & registers
time [INC(GRBS)] I
instruction

restoring
registers

. ; Restore bank l
m interrupt return automateatly by \ N
[RET1)/ [RETN]
instruction L \\.\
interrupt return

{a) Saving/Restoring by register bank changeover {b) Saving/Restoring using push/pop or data transfer instructions

Figure 1-25. Saving/Restoring General-purpose Registers

@ 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.
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Example : Register save using push and pop instructions

PINTxx : PUSH WA ; Save WA register pair
interrupt processing
POP WA . Restore WA register pair
RETI ; Return

Address (example}
023A4

0238
023C
023D
023€
" o23F

At acceptance At execution At execution At execution of an
of an interrupt |:> of a push ::) of a pop I:> interrupt return
instruction instruction instruction

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

Example : Saving/restoring a register using data transfer instructions
PINTxx : LD (GSAVA), A ; Save Aregister
ssing -
A, (GSAVA) ; Restore A register
; Return

RETI

The interrupt return instructions [RETI]/ [RETN] perform the following operations.

{RETI] Maskabie interrupt return [RETN] Non-maskable interrupt return

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

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

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

@ Theinterrupt master enable flag isset to “1”. @ The interrupt master enable flag is set to “1”

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

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

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

B 9097249 0D27bb4% 106 HE
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1.9.2 External Interrupts
The 87C840/C40/H40/K40/M4A0A each have six external interrupt inputs (INTO, INT1, INT2, INT3, INT4, and
INT5). Four of these are equipped with digital noise rejection circuits (pulse inputs of less than a certain
time are eliminated as noise). Edge selection is also possible with INT1, INT2, INT3 and INT4.
The 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 (EINTCR). When INTOEN =0, the IL3 will not be set even if the falling edge of
INTO pin input is detected.

Source Pin fag%%rg:rl’agn Enable conditions Edge Digital noise reject
INTO INTO P10 IMF=1, INTOEN=1 falling edge — (hysteresis input)
Pulses of less than 15/f¢c or 63/fc [s]
are ehiminated as noise. Pulses of
INT1 INT1 P11 IMF - EF5 = 1 48/fc or 192/fc [s] or more are
falling edge [ considered to be signals.
or
INT2 INT2 P12/TC1 IMF - EF7 =1 rising edge Pulses of less than 7/fc [s] are
INT3 INT3 PSO/TC3 IMF - EFqq = 1 eliminated as noise. Pulses of 24/fc
[s] or more are considered to be
INT4 INT4 P51/TC4 IMF-EF2=1
signals.
INTS INTS P20/STOP IMF - EF15=1 falling edge — (hysteresis input)

Note 1: The noise rejection function is turned off in the SLOW and SLEEP modes Also, the noise reject times are not
constant for pulses input while transiting between operating modes (NORMAL2<>SLOW)

Note 2 : The noise rejection function is also affected for timer/counter input (TC1 and TC3 pins).

Note 3: The pulse width (both "H” and “L” level) for input to the TNTO and TNT5 pins must be over 1 machine cycle.

TNTO / TNTS input —I—_J—I_ tNTL tinTh > teye (Note : tcyc= 4ifm [s])

tnTL tiNTH
Note 4 : If a naiseless signal 1s input to the external interrupt pin in the NORMAL 1/2 or IDLE 1/2 mode, the maximum
time from the edge of input signal until the IL 1s set is as follows :

@ INT1pin 49/f¢ [s] (INTINC=1), 193/fc [s] (INTINC=0)
@ INT2,INT3, INT4 pins 25/fc [s]

Note 5: When high-impedance s specified for port output in stop mode, port input 15 forcibly fixed to low level
internally. Thus, interrupt latches of external interrupt inputs except INTS (P20/STOP} which are also used as
ports may be set to "1”. To specify high-impedance for port output in stop mode, first disable interrupt
service (IMF=0) , activate stop made. After releasing stop mode, clear interrupt latches using load
instruction, then, enable interrupt service.

Example : Activating stop mode

LD (SYSCR1),010000008 ; OUTEN<0 (specifies high-impedance)

DI ; IMF<0 (disables interrupt service)

SET (SYSCRL).STOP ; STOP~1 {activates stop made)

LOW (IL),1110011101010111B ; IL12,11,7,5,3+0 (clears tnterrupt latches)
EI : IMFe1 (enables interrupt service)

Table 1-3. External Interrupts
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ONTCR L & 5.4 3 2 10
©o37y LMo L") [ [WB ™R TWI [ (nitial value:  00x0 000%)

0 : Pulses of less than 63/fc [s] are eliminated as noise

INTINC | Noise reject time select - .
ject 1 ; Pulses of less than 15/f¢ [s] are eliminated as noise

0 : P10 input/output port
1

EN P1 i i i

e O/INTOpin configuration : TNTO pin (Port P10 should be set to an input mode) RW
INT4 ES 0 Risi ;

INT3 ES : Rising edge

INT2 ES INT4 to INT1 edge select 1: Falling edge

INT1ES

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

Note2:  Edge detection during switching edge selection is invalid.

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

Noted: Inordertochange of external interrupt input by rewriting the contents of INT2ES, INT3ES and
INT4ES during NORMAL1/2 mode, clear interrupt latches of external interrupt inputs (INT2, INT3 and
INT4) after 8 machine cycles from the time of rewriting. During SLOW mode, 3 machine cycles are
required.

Note5: Inorderto change an edge of timer counter input by rewriting the contents of INT2ES, INT3ES and
INT4ES during NORMAL1/2 mode, rewrite the contents after timer counter is stopped (TC*s = 0), that
1s, interrupt disable state. Then, clear interrupt laches of external interrupt inputs (INT2, INT3 and
INT4) after 8 machine cycles from the time of rewriting to change to interrupt enable state. finally,
start timer counter. During SLOW mode, 3 machine cycles are required.

Example : When changing TC1 pin inputs edge in external trigger timer mode from rising edge to falling edge.

LD (TC1CR),010010008 ;  TCLS & 00 (stop TC1)
DI ;  IMF & 0 (disable interrupt service)
LD (EINTCR),00000100B ;  INT2ES « 1 (change edge selection)

— T  wor

8 machine ~
cycles NOP

LD {ILL}),01111111B ;  IL7 &« D (clearinterruptlatch)
EI ; IMF &1 {enablie interruptservice)
LD {TCI1CR),01111000B ;  TC1S « 11 (start TC1)

Note&:  If changing the contents of INT1ES during NORMAL1/2 mode, interrupt latch of external interrupt
input INT1 must be cleared after 14 machine cycles (when INTINC = 1) or 50 machine cycles (when
INTINC =0) from the time of changing. During SLOW mode, 3 machine cycles are required.

Figure 1-26. External Interrupt Control Register

1.9.3 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 SW1 instruction will not generate a software interrupt but will result in
the same operation as the [NOP] instruction. Thus, the [SWI] instruction behaves like the [NOP]
instruction.
Use the [SW1] instruction only for detection of the address error or for debugging.

(D Address Error Detection
FFy is read if for some cause such as noise the CPU attempts to fetch an instruction from a
non-existent memory address. Code FFy is the SWI instruction, so a software interrupt is
generated and an address error is detected. The address error detection range can be
further expanded by writing FFy to unused areas of the program memory. Address trap
reset is generated for instruction fetch from a part of RAM area (address 00404-013Fy for
87C840, 00404-023Fy for 87CC40/H40/K40/M40A) or SFR area (00004-003FR).

Note: The fetch data from addresses 7F80y to 7FFFy (test ROM area) for 87CK40/M40A,
BF80y to BFFFy for 87C840/C40/HA40 is not “FFy”.
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@ Debugging
Debugging efficiency can be increased by piacing the SWI instruction at the software break
pointsetting address.

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. At first the reset output
isselected.
When the watchdag timer is not being used for malfunction detection, it can be used as a timer to
generate an interrupt at fixed intervals.

1.10.1  Watchdog Timer Configuration

MPX reset release signal from T.G
fc/2Bor f5/2'° —= »;« Binary Counters
fe/2or /2" ——> clock R
fc/2%or fs/ 2" —|(C Y overflow WDT output ;euste;ut
9 p—
fes2%or f5/27 ——> DS cear | 1|2 || > 1 RESET

2 > interrupt request INTWDT
A

enable

\WDTEN ﬁ
writing writing clear WDTOUT

internal reset

WOTT disable code |code
Controller
0034y, 00354,
| wotcr1 | wotcrz |

Watchdog Tlmer Control Registers

Figure 1-27. Watchdog Timer Configuration

1.10.2 Watchdog Timer Control
Figure 1-28 shows the watchdog timer control registers (WDTCR1, WDTCR2). The watchdog timeris
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 WDTQUT =1 a reset 1s generated, which drives the RESET pin low to reset the internal
hardware and the external circuits. When WDTOUT =0, a watchdog timer interrupt (INTWDT) is
generated.
The watchdog timer temporarily stops counting in the STOP mode including warm-up or IDLE mode,
and automatically restarts (continues counting) when the STOP/IDLE mode is released.
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Example : Setsthe watchdog timer detection time to 221/fc [s] and resets the CPU malfunction.

Lo (WDTCR1), 000011018 ; WDTT«10, WDTOUT«1
LD {WDTCR2), 4EH ; Clears the binary counters
Within WDT (always clear immediately after changing WDTT)
detection time
D (WDTCR2), 4EH ; Clears the binary counters
Within WDT :
detection time :
LD (WDTCR2), 4EH ; Clears the binary counters

Watchdog Timer Control Register 1
7

i VT | warr | WoT (Initial value : *+#+ 1001)
WDTEN Watchdog timer 0 : Disable {it is necessary to write the disable code to WDTCR2)
enable/disable 1: Enable
00:2%/fc or 2"/ fs [s] .
WDTT Watchdog timer 01:2%/fc or  2%/fs write
detection time 10:28/fc or  2"%/fs only
11:2%/fc or  2"'/fs
’ WDTOUT Watchdog timer 0 : Interrupt request
output select 1: Reset output
Note! : WDTOUT cannot be set to “1” by program after clearing WDTOUT to "0".
Note2 : fc ; High-frequencyclock[Hz] fs ; Low-frequencyclock[Hz] * ;don’t care
Note3 : WDTCR1 is a write-only register and must not be used with any of read-modify-write instructions.
Watchdog Timer Control Register 2
2 7 6 5 4 3 2 1 0
%Dogg,l?) { . ) : ; : : | (Initial value : *axx wxxx)
Watchdog timer control 4Ey  : Watchdog timer binary counter clear (clear code) write
WDTCR2 | .oy writegregister Biy ;. Watchdog timer disable (disable code) only
others : Invalid

Note 1 : The disable code s invalid unless written when WDTEN =0.
Note2 : *,don’tcare
Figure 1-28. Watchdog Timer Control Registers

Operating mode Detection time
NORMAL1 NORMAL2 SLOW At fc=8MHz At fs=32.768kHz
2876 [s] | 2%/fc, 27 1fs 2711 4.194 s 4s
23/ fc 28/fc, 2%/ 1s 2'5/1s 1.048 ms 1s
22/ fe 2/, 28/ 1s — 262.1ms 250ms
2"/ fc 2"/4¢c, 21/ fs —_ 65.5ms 62.5ms

Table 1-4. Watchdog Timer Detection Time

(2) Watchdog Timer Enable
The watchdog timer is enabled by setting WDTEN (bit 3 in WDTCR1) to “1”. WDTEN is initialized to

“1" during reset, so the watchdog timer operates immediately after reset is released.

Example : Enables watchdog timer
LD (WDTCR1), 000010008 ; WDTEN&1
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(3) Watchdog Timer Disable
The watchdog timer is disabled by writing the disable code (B1y) to WDTCR2 after clearing WDTEN
(bit 3 in WDTCR1) to "0”. The watchdog timer is not disabled if this procedure is reversed and the
disable code is written to WDTCR2 before WDTEN is cleared to “0”. The watchdog timer is halted

temporarily in STOP mode (including warm-up) and IDLE mode, and restarts automatically after
STOP or IDLE mode is released.

During disabling the watchdog timer, the binary counters are cleared to “0”.

Example : Disables watchdog timer
LDW (WDTCR2), 0B101H ; WDTEN«0, WDTCR2«disable code

1.10.3 Watchdog Timer Interrupt (INTWDT)
This is a pseudo non-maskable interrupt which can be accepted regardless of the contents of the EIR. 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 timer interrupt setting up.
LD SP, 013FH . Setsthe stack pointer
LD (WDTCR1), 000010008 ; WDTOUT«0

1.10.4 Watchdog Timer Reset
If the watchdog timer output becomes active, a reset is generated, which drives the RESET pin (sink open
drain output) low to reset the internal hardware and the external circuits. The reset output time is 220/fc
{s1 (131 ms at fc=8MHz). The high-frequency clock oscillator also turns on when a watchdog timer reset
is generated in SLOW mode.

2"%fc [s]

2"c

Clock __I |
Binary counter 1x 2 XEX 0 X 1 X 2 X 3 X Q

[ twotT=119)

Overflow
INTWDT interrupt . "
¥
WDT reset output A (Hi-2) I("L" output)

writes 4Ey to WDTCR2
Figure 1-29. Watchdog Timer Interrupt/Reset

1.11 Reset Circuit
The 87C840/C40/H40/K40/M40A 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 1-5 shows on-chip
hardware initialization by reset action. The internal source reset circuit (watchdog timer reset, address
trap reset, and system clock reset) is not initialized when power is turned on. Thus, output from the
RESET pin may go low (220/fc [s] (131 ms at 8MHz) when power is turned on.
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On-chip Hardware Initial Value On-chip Hardware Initial Value
Program counter (PQ) (FFFF) - (FFFEY) Divider of Timing generator o
Register bank selector (RBS) 0
Jump status flag (F) ] Watchdog timer Enable
Refer to I/O port
Interrupt master enable flag (IMF) 0 Output latches of /O ports e p
Interrupt individual enable flags  (EF) 0 Y
. Refer to each of
Interrupt latches (8] 0 Control registers control register

Table 1-5. Initializing Internal Status by Reset Action

1.11.1 External Reset Input
When the RESET pin is held at low for at least 3

machine cycles (12/fc [s]) with the power supply voltage e

within the operating voltage range and oscillation VDD H voD
.st?kfle., a reset is applied and the internal state is ; typ. 220kQ
initialized. !

When the RESET pin input goes high, the reset +

operation is released and the program execution starts -
at the vector address stored at addresses FFFEy - FFFFy.
The RESET pin contains a Schmitt trigger (hysteresis)
with an internal pull-up resistor. A simple power-on-
reset can be applied by connecting an external
capacitor and a diode.

Figure 1-30. Simple Power-on-
Reset Circuitry

1.11.2 Address-Trap-Reset
An address-trap-reset is one of fail-safe function that detects CPU malfunction such as endless looping
caused by noise or the like, and returns the CPU to the normal state. If the CPU attempts to fetch an
instruction from a part of RAM or SFRs (address 00004-013Fy for 87C840, 00004-023Fy for
87CC40/HA0/K40/M40A), an internal reset (called address-trap-reset) will be generated. Then, the RESET
pin output will go low. The reset time is 220/fc [s] (131 ms at 8MHz) .

t /
Execution P a fese | reset release Xlnstructvon ataddress r
1

e Address-trap is occurred e e i_ ________
RESET output (“L” output) [tz '

V ) i i i

1 ] ' '

1 1 i '

1 ) ; i

! 29%f¢ [s] 12%fc | 2% H

to
2%fc

Note 1: 0= a= 013F,; (87C840), 0= a= 023Fy (87CC40/HA0/KA0/M140A)
Note 2: During reset release, reset vector “r” is read out, and an instruction at address r is fetched and decoded.

Figure 1-31. Addre3s-Trap-Reset

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

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

2.1 Special Function Registers (SFR) and Data Buffer Registers (DBR)
The TLCS-870 Series uses the memory mapped I/O system, and all peripheral control and data transfers
are performed through the special function registers (SFR) and data buffer registers (DBR).
The SFR are mapped to addresses 0000y — 003Fy, and the DBR to addresses 0F80y — OFFFy.
Figure 2-1 shows the 87C840/C40/H40/K40/M40A SFRs and DBRs.

Address Read Write Address Read Write

00004 = . . 0 port 00204 [51015R (5101 status) SIO1CR?
01 S T T U SN e S
02 . P2 Port 22 [sio2sR (5102
03 P3P 23
04 Coe . . PaPort . 24 |
05 .. P3Port 25 .. reserved
06 | . . P6 Part 26 | feseryed
07 e e BT POTE 27
08 | . ... Jeeed 28
09 Jeserved . .. 29
0A S POCR(POMO controd 2A
0B L LPICRELMOcontrO 2B
oc pacRPe U0 contrah” T 2c
oD . ... . .. . .. PTR(P7VOcontro) . 2D
OE ... .. . . . ABCCR(MD convertercontrol) T 2 [ .
OF ADCDR (A/D conv result) - 2F reserved
10 - TREG14A 30 reserved
1 o REGYA TR gy T T reserved I
12 | TREG e reqister 1B) -seseseseesesareaees 32 | e SESEVE
13 |00 TRecns, Timerresstert®) 33 |77 [ reserveg T
14 | = geRaieomeny T T 3e | DT T weren T
15 |, .. ..o . . . |TQR@Ccontrol) 35 L ..., .-, L. dwoTeR2 L
LT T -+ (Timer register 2) 36 R TBTCR  (TBT/TG/DVOcontrol)
17 ... N LTREGZy T 37 o s EINTER | (External interrupt control
18 |... .. . TREG3A(Timerregister3A) 38 .
19 |TeGis (timerregutersn) | = U T 39 | psemconeed
£ S P .|TE3CR(TC3 control) - 3A - .
18 [ =T ecammerreguters) N 38 | L 0 e TSTURteneblereamen T
1[0 Lo L, TARECcontel 3C . -
A0 |l reserve T | SmerRtt)
1E Lo L L Teeved e 3E | ... L oareseved
1F reserved 3F [ PSW {Program status word) |RS$ {Register bank selector)

(a) Special Function Registers
Address Read Write

080y Lo (es_erve_g R © A Note1 : Do not access reserved areas by the

o e . 595.8!".: program.

OI’:IE; Leseiye Note2 : - : Cannot be accessed.
P s s Note3 . When defining address 003Fy with
£2 . s EEEEE assembler symbols, use GPSW and GRBS.

s e s Noted : Write-only registers and interrupt
F3 R sio s e e latches cannot use the read-modify-
F4 transmit and receive S . 3 Ty
F5 * databuffer write instructions (bit manipulation
6 - mstructions such as SET, CLR, etc. and
E7 logical operation instructions such as
AND, OR, et

OFF8 - OR etc)
F9
FA - .- .
FB 5102
FC ... .. transmitandreceive
D . data buffer
FE
FF

(b) Data Buffer Registers
Figure 2-1. SFR & DBR
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2.2 |/OPorts
The 87C840/C40/H40/KA0 have 8 parallel input/output ports (56pins) each as follows:

Primary Function Secondary Functions
Port PO 8-bit /0 port

| " 8-bit i/O port

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 réading 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 $1 state of the read cycle during execution of the read
instruction. This timing can not be recognized from outside, so that transient input such as chattering
must be processed by the program.

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

fetch cycle : fetch cycle ) read cycle ) ) fetch cycle ) fetch cycle . write cycle ,
|

I U r il r L L) 1
Instruction __.. 50 S1 52 S 1525350515253 ___ Instruction.._S0 S1 52 $3 SO 51 $2 53 S0 51 52 §3
execuct;gr; L L EXIWDAM execuct;glr;__ [ ecpa |

Input strobe [1 _.  Outputlatch__ ]

S pulse :
(a) Input Timing (b) Output Timing
Note : The positions of the read and write cycles may vary, depending on the instruction.

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

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

(1). Instructions that read the output latch contents

@ XCH r, (src) ® LD (pp) . b, CF

@ CLR/SET/CPL  (src).b ©® ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), n

@ CLR/SET/CPL  (pp).g @ (src) side of ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), (HL)
@ LD (src).b, CF

(2) Instructionsthat read the pin inputdata
@ Instructions other than the above (1)
@ (HL) side of ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), (HL)

3-614
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2.2.1 Port PO (P07 - P0OO)

Port PO is an 8-bit general-purpose input/output port which can be configured as either an input or an
output in one-bit unit under software control. Input/output mode is specified by the corresponding bit
in the port PO input/output control register (POCR). Port PO is configured as an input if its corresponding
POCR bit is cleared to “0”, and as an output if its corresponding POCR bitis setto “1“.

During reset, POCR is initialized to “0”, which configures port PO as input. The PO output latches are also
initialized to “0". Data is written into the output latch regardless of the POCR contents. Therefore initial
output data should be written into the output latch before setting POCR.

STOP
OUTEN D

POCRi
data output <J
I )
data output ID Q { > : D POI

output latch .
Note : i=7~0

7 [ 5 4 3 2 1 0

FgoooH) [ P07 : P06 | POS : PO4 | PO3 . PO2 . PO1 i POG | (Initial value : 0000 0000)
7 6 5 4 3 2 1 0
POCR : - . .
{000A,) | | (Initial value: 0000 0000)
POCR  |ifO control for port PO 0: input made write
1 : output mode only

Figure 2-3. PortP0 and POCR

Example : Setting the upper 4 bits of port PO as an input port and the lower 4 bits as an output
port (Initial output data are 1010g).
LD (P0), 000010108 ; Setsinitial data to PO output latches
LD (POCR), 000011118  ; Sets the port PO input/output mode

2.2.2 Port P1 (P17 - P10)
Port P1 is an 8-bit input/output port which can be configured as an input or an output in one-bit unit
under software control. Input/output mode is specified by the corresponding bit in the port P1
input/output control register (P1CR). Port P1 is configured as an input if its corresponding P1CR bit is
cleared to “0”, and as an output if its corresponding P1CR bit is set to “1”. During reset, the P1CR is
initialized to “0”, which configures port P1 as an input . The P1 output latches are also initialized to “0".
Data is written into the output latch regardless of P1CR contents. Therfore initial output data should be
written into the output latch before setting P1CR. Port P1 is 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 (INTO) can be configured as either an IO port or an external interrupt input with INTOEN (bit 6 in
EINTCR). During reset, pin P10 (INTO) is configured as an input port P10.
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STOP
QUTEN

P1CRi
data input

data output

control output

output latch

control input Note:i=7~0
76 5 4 3 2 1 0
P1 P17 | P16 P15 P14 . P13 P12 : p11 ° P10
(0001y) : i TC2 i PPG Em: TCi © INT1 : INTO (Iniial value: 0000 0000)
7 6 3 4 3 2 1 0
rgocorts ) [ "] tmitial value: 0000 0000)
H
P1CR I/0 control for port P1 02 Input mode write
1 : Output mode only

Figure 2-4. PortP1and 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
LD
LD

(EINTCR), 010000008
(P1), 101111118
(P1CR), 110100008

3 INTOEN«1
s P17€1, P14e1, P16&0

2.2.3 Port P2 (P22 - P20)
Port P2 is a 3-bit input/output port. It
is also used as an external interrupt
input, and low-frequency crystal
connection pins When used as an
input port, or a secondary function
pin, the output latch should be set to
“1". During reset , the output latches
are initialized to "1".
A low-frequency crystal (32.768kHz) is
connected fo pins P21 (XTIN) and P22
(XTOUT) in the dual-clock mode. In
the single-clock mode, pins P21 and
P22 can be used as normal
input/output ports.
It is recommended that pin P20
should be used as an external
interrupt input, a STOP mode release
signal input, or an input port. If used
as an output port, the interrupt latch
is set on the falling edge of the
output pulse.
When a read instruction is executed
for port P2, bits 7to 3read inas “1".

SET/CLR/CPL/others _I /Ll— CMP/MCMP/ TEST/ others
Data input J
output latch
Data output 4>| o Q % ll: D P20 (INT5/STOP)
Control input @
Data input J
I_<}1 Osc. enable
Data output —»{E l':>~ P21 (XTIN)
Data input <l—<j
Data output m —{: [ P22 xToun
STOP
OUTEN :Dc Note: *;don‘tare
XTEN

_________ 5 2 4 3 2 1 0
P22 - P21 - P20
XTOUT: XTiN :%

(Initial value : ***x *111)

Figure 2-5. Port P2

B 9097249 0027674 055 W
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2.2.4 Port P3 (P37 - P30)
Port P3 is an 8-bit input/output port. High current output is available so LEDs can be driven directly.
When used as an input port, the output latch should be set to “1”. The output latches are initialized to

“1" during reset.

Example 1: Outputthe immediate data SAy to
the P3 port. CMP /MCMP / TEST / others
LD (P3), SAH ; P3eSAy
Data input
SET/CLR/CPL/others
Example 2: Inverts the output of the upper
4bits (P37 - P34) of the P3 port.
XOR  (P3), 111100008 Data output [ | P3i
P37~P34¢«P37~P34
2.2.5 Port P4 (P47 - P40)
Port P4 is an 8-bit input/output port, and is STOP Note :i=7~0
also used as serial interface (SIO1, SI02) OUTEN
input/output. When used as an input port 7 6 5 4 3 2 1 0
or a secondary function pin, the output :’03003 : lp37 S P36 P35 - P34 P33 © P32 ! P31 : P30
latch should be set to “1”. The output H —
latches are initialized to 1" during reset. (initial value : 1111 1111)
2.2.6 Port P5 (P54 - P50) Figure 2-6. Port P3
Port P5 is a 5-bit input/output port, and is
also used as an external interrupt input,
and a timer/counter input/output. When Control input ‘
used as an input port or a secondary CMP/MCMP /TEST/others
function pin, the output latch should be set Data input
to “1”. The output latches are initialized to SET/CLR/CPL fathers
“1" during reset.
Bits 7-5 are read in as “1” when a read Data output Pai
instruction is executed for the port P5. Outpatiatch P5j
N Control output
STOP :D"M
OUTEN
Note : 1 =7~0, j=4~0, ; don’t care
-7 6 5 4 3 2 1 0
Pa PA7 Pa6 P45 P44 P43 P42 PA1 _ PAD
(0004n) | 502 512 ;SEKZ SO1 Sl SCK
(initial value: 1111 1111)
7 6 5 4 3 2 1 0
Ps : : : PS4~ P53 :PP52 IIPN§I_14 lilsTo3
(0005,,) S ' B8 e 1N
(Initial value :  **x1 1111)
Figure 2-7. Ports P4 and P5
3-617
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2.2.7 PortP6(P67~P60)
Port P6 is an 8-bit input/output port which can be configured as an input or an output in one-bit unit
under software control. Input/output mode is specified by the corresponding bit in the port P6
input/output control register (P6CR).

Port P6 is also used as an analog input for the A/D converter. When used as an analog input, AINDS (bit 4
in the ADCCR) must be cleared to “0” and its corressponding P6CR bit must be set to “1”. In this case,
unuse pin as analog input is configured as anly input port.

During reset, AINDS is initialized to “0” and all bits of P6CR are initialized to “1“, which configures port
P6 as analog input. The P6 output latches are initialized to "0”. Data is written into the output latch
regardless of the P6CR contents. Therefore initial output data should be written into the output latch

before setting P6CR.

Analog input 4—'@
sToP
OUTEN
AINDS —I_D
PECRi

Data input

I

Data output—r] D Q } {\/ D P6i

Note: i=7~0

7 6 5 4 3 2 1 Q

P67 © P66 ' P65 - P64 P63 . P62 . P61 ' P60 )
(00061) | AIN7 . AING  AINS AIN4 AIN3 - AIN2 - AIN1 - AIND (Initial value : 0000 0000)

7 6 5 4 3 2 1 0

P6CR . - . .
(000cy) | - : , : 5 : | (Initial value: 1111 1111)
AINDS = 1 (not use A/D) AINDS =0 (use A/D} write
P6CR 1/0 control for port P6 0 : inputmode 0 : Inputport only
1 : Output mode 1 : Analoginput
Note 1 : P6CR is a write-only register and must not be used with any of the read-modify-write instruction.
Note2 : Unused analog input pins cannot be configured as output mode when AINDS =0.

Figure 2-8. Port P6
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2.2.8 Port P7 (P77~P70)
Port P7 is an 8-bit general-purpose input/output port which can be configured as either input or output
in one-bit unit under software control. Input/output mode is specified by the corresponding bit in the

port P7 input/output control register (P7CR). For example, port P7

is configured as an input if its

corresponding P7CR bit is cleared to “0", and as an output if its corresponding bit is set to “1”. During
reset, P7CR is initialized to “0”, which configures port P7 as input. The output latches are initialized to

“Qr.

Data is written into the output latch regardless of the P7CR contents. Therefore initial output latch

before setting P7CR.

sSTOP
OUTEN —_C(Dc
P7CRI
Data input ~J VDD
| mask option
Data output ——*[E T EI P71
Qutput latch
Note: i=7~0
7 [ 5 4 3 2 1 0
P7 I P77 P76 P75 . P74 | P73 P72 P71 : P70 | (Initial value : 0000 0000)
(00074}
7 5 4 3 2 1 0
P7CR : ) .
t000Ds) L ] (initial value : 0000 0000)
pP7CR |0 control for port P7 0 : input mode write
1 : Output mode only
Note : P7CRis a write-only register and must not be used with any of the read-modify-write instructions.
Figure 2-9. Port P7 and P7CR
23 Time Base Timer (TBT)

The time base timer generates time base for key scanning, dynamic dis

playing, etc. It also provides a time

base timer interrupt (INTTBT). The time base timer is controlled by the control register (TBTCR) shown in

Figure 2-11.
An INTTBT is generated on the first rising edge of source clock (t

he divider output of the timing

generator) after the time base timer has been enabled. The divider is not cleared by the program;
therefore, only the first interrupt may be generated ahead of the set interrupt period.
The interrupt frequency (TBTCK) must be selected with the time base timer disabled (both frequency

selection and enabling can be performed simultaneously).

8TCK X

X_

t120
TBTEN I I t2 2 1 machine cycle
-
T B 2
Example : Setsthe time base timer frequency to fc/216 [Hz] and enables an INTTBT interrupt.
LD (TBTCR), 000010108
SET (EIRL). 6
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v INTTBT
fe/223 or fs/2'5 A interrupt
fcr2?! or fss213 B request
fc/2'6 or fs/28 € Jsource clock —
fcr2'® or fs/28 D Rising
fc/2'3 or fs/25 E edge Source dock | | l i l J_
fcr2'? or fss2° F detector - . :
fcr2" or fss28 G TBTEN : - :
fcr2° or fs/2? H - : : :
X R
1
TBTCK TBTEN INTTBT : n “ "__
! Interrupt '
. TBTCR Enable TBT period
Time Base Timer Control Register
(a) Configuration {(b) Time Base Timer Interrupt
Figure 2-10. Time Base Timer
6 5 4 3 2 1 0
E?Ogcﬁi) I«wozm)l (ovocK) |(Dv7c|() ITBTENI L TBTCK | (Initial value :  0**0 Oxx%)
Time base timer 0 : Disable
TBTEN enable/disable 1 : Enable
000 : fc/23or fs/z’Z[Hzl
001 : fc/2%7or fs/2'
010 : fc/2'or f5/2° W
TaTCK | Time base timer interrupt 011 : fc/2::or fs/2:
frequency select 100 : fc/2'or fs/2
101 : fc/2"%or f5/2°
110 : fc/ 2 or 45723
111 : fe/2° or fs/2

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

Figure 2-11. Time Base Timer and Divider Output Control Register

NORMAL1/2, IDLE1/2 mode Interrupt Frequency
TBTCK SLOW, SLEEP mode

DV7CK =0 DV7CK =1 At fc = 8MHz At fs = 32.768kHz
000 fcr223 fss215 fs/ 213 0.95 Hz 1 Hz
001 fcr 22 fs72'3 fs/213 3.81 4
010 fcr2'8 fs/28 - 122.07 128
011 fer214 fs728 - 488.28 512
100 fer2"3 fs12% - 976.56 1024
101 fer2? fss24 - 1953.12 2048
110 fer2" fs723 - 3906.25 4096
m fcr2° fs/2 - 15625 16384

Table 2-1. Time Base Timer Interrupt Frequency

3-620
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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.
Divider output circuit is controlled by the control register (TBTCR) shown in Figure 2-12.

6 S 4 3 2 1 0

{:ng%i) [DVOENI DVQCK |tov7c-<>|am~)| (TBTCK), l (Initial value : Qx*0 Oxx=x)
DVOEN | Divider output enable/disable 0 Disable
1: Enable
00 : fc/2'3 or s /25 [Hz] RIW

- ST . 12 4

DVOCK D|v1deroutput(I?VO) 01 : fc/211 or fs/Z3

frequency selection 10 @ fcr2'! or fs/2

11 @ /2% or fs/22

Note : fc,; High-frequency clock [Hz], fs; Low-frequency clock [Hz], *; don’tcare

Figure 2-12. Divider Output Control Register

Example : 1kHz pulse output (at fc =8MHz)

SET (P1).3 ; P13 output latch &1
LD (P1CR), 000010008 ; Configures P13 as an output made
LD (TBTCR), 10000000B ; DVOENe~1, DVOCKe00
DVOCK Frequency of Atfc=8MHz | At fs=32.768kHz
Divider Output

00 fc/2® o fs/2° 0.976 [kHz] 1024 [kHz]

01 fc/2 f5/2° 1.953 2.048

10 fes2" fs/23 3.906 4.096

11 fcr2® fs/22 7.812 8.192

Table 2-2. Frequency of Divider Output

output latch output enable

data output—>{> Q| [ O > ovo

MPX

fc/2130rfs/25
fc/22 0rfs/24 >

A
B
11 3 >—{c Y
:E;gm g:;:;gz N P13 output latch I: I I:

DVOCK DVOEN DVOEN -——] : L
L. X DVO pin l " l I | ' | I | | I I
Divider output control register

(a) Configuration (b) Timing Chart

Figure 2-13. Divider Output

2.5 16-bit Timer/Counter 1(TC1)
The 87C840/C40/H40/K40/MA0A each have two multi-function 16-bit timer/counters (TC1 and TC2) and
two multi-function 8-bit timer/counters (TC3 and TC4).
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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). Reset does not affect TREG1A and TREG18.

TREG1A 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 Q
(0010, 001 1H)L ) 2 TREG1Ay (00114) L L l L ' TREG1A (0010) ' 1 —l
Write only
TREG1B
(0012, 0013, . . ,  TREGIBy (0013 . [ . . TREG1B; (0012) . |
Read/ Write (Write available in only PPG
7 6 5 a 3 2 1 0 output mode)
SCAP1
TCICR MCAPT e .
(0014,) TEF1 [ TC1S TC1CK TC1M (Initial value : 0000 0000)
MPPG1 L | |
Q0 : timer/external trigger timer / event counter mode
1M TC1 01: window mode
mode select 10: puise width measurement mode
11: PPG output mode
00: internal clock fw2"  or fe2*  [Hz]
TC1CK TC1 01: internal clock fe/27
source clock select 10: internal clock f¢/2?
11: external clock (TC1 pininput)
00: stop & counter clear
TCis TC1 01: command start
start control 10: reserved Write
11: external trigger srart only
.SCAPT | software capture contr 0 T ... )i software capture trigger (Note 3)

pulse width measurement |

MCAP1 Jeontrol ) 1: doubleedgf.c.a-p.).t.n.x.re .1 :“single edgeﬂc.apt?rf o
METT1 |external trigger timer 0 : trigger srart 1: trigger start & stop
MPPG1 | PPG output control 0 : cotinuous pulse 1: single pulse

TFE1 timer F/F1 control for PPG 0: clear 10 set

output mode

Note 1: fc; High-frequency clock (Hz], fs; Low-frequency clock [Hz]
Note2: Writing to the low-byte of the timer registers (TREG1A,, TREG18,), the comparison is inhibited
until the high-byte (TREG1Ay, TREG18By) is written.
Note 3: Set the mode, source clock, edge (INT2ES), PPG control and timer FIF control when TCT stops
{TC15=00).
Note4 : Software capture can be used in only imer and event counter modes.
Note5: Values to be loaded to timer registers must satisfy the following condition.
TREGTA>TREG1B> 0 (PPG output mode) ; TREG1A>0 (others)
Note 6 - Always write "0” to TFF1 except the PPG output mode.
Figure 2-15. Timer Registers and TC1 Control Register

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

(1) Timer Mode
In this mode, counting up is performed using the internal clock. The contents of TREG1A are
compared with the contents of up-counter. If a match is found, an INTTC1 interrupt is generated,
and the counter is cleared to”0”. Counting up resumes after the counteriscleared. The current
contents of up-counter can be transfered to TREG1B by setting SCAP1 (bit 6 in TCI1CR) to “1“
(software capture function). SCAP1 is automatically cleared to "0” after capaturing.
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Source clock Resolution Maximum time setting
NORMAL1/2, IDLE1/2 modes
SLOW, SLEEP modes — _ - -
DV7CK =0 DV7CK = 1 Atfc=8MHz | Atfs=32.768kHz | Atfc=8MHz | Atfs=32 768kHz
fc/ 2% [Hz] fc/ 22 {Hz] - 1 ps - 65.5 ms -
fer27 fc/2? - 16 us - 1.0 s -
for2" fs/2? f5/2° [Hz) 256 us 24414 us 16.8 s 16.0 s

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

Example 1 :Sets the timer mode with source clock fs/23[Hz] and generates an interrupt 1s. later (at
fs = 32.768kHz).

LD (TC1CR}), 00000000B ; Setsthe TC1 mode and source clock
LDW (TREG1A), 1000H : Setsthe timer register (1s5-23/fs=1000,)
SET (EIRL).EF4 ; enable INTTC1
El
LD {TC1CR), 000100008 ; StartsTC1
Example 2 :Software capture
LD {TC1CR}, 01010000B ; SCAP1¢1 (Captures)
LD WA, (TREG18) ; Reads captured value

Command start

Source clock

Up-counter 0 (7 X2 X3 X 5) =X 1 X 2 X 3 X a X5 X6 X 7
]

g

TREG1A » X n b
Match Counter
INTTC1 interrupt detect \rl‘ clear
(a) Timer

Source clock l | | | I I I | | I I | \ l | l I | l I I
Up-counter :X m-2 X m-1 X m X m+1 X m+24Xj n-1 n x n+l x
| |

capture capture

TREG1B X m X' n
SCAP 1 ” ﬂ

(b) Software Capture
Figure 2-16. Timer Mode Timing Chart

(2) External Trigger Timer mode

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

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

* trigger (INT2ES = 0)

TC1 pininput trigger

i
Internal clock Illlllillllllll |III||I|||I||I|II
i
1
£«
)

TREG1A X n b

INTTCT match § clear

(a) Trigger Start (METT = 0)

count count count
start clear start

TC1 pininput *tngger * trigger A trigger tlsmg edge select
(INT2ES = 0)
Internal clock I | I I | I | | | I I I | | l | | l | I | I I I l I I I l I | | | I
n q

TREG1A :X b/

7
INTTC match ﬁclear

Note: m<n

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

Figure 2-17. External Trigger Timer Mode Timing Chart

(3} Event Counter Mode

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

Setting SCAP1 to “1” transferres the current contents of up-counter to TREG1B (software capture
function). SCAP is automatically cleared after capturing.

Command start
!
TC1 pininput ! I_I LI ]
! : % : :
Up-counter 0 XIX 2 X . X n-1 n X 0 2

H n

TREG1A X b

i Match Counter
INTTC1 interrupt i detect \rr clear

Figure 2-18. Event Counter Mode Timing Chart (INT2ES = 1)
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(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 INT2ES. Setting SCAP1
to “1" transferes the current contents of up-counter to TREG1B. It is necessary that the maximum
applied frequency (TC1 input) be such that the counter value can be analyzed by the program. That
is, the frequency must be considerably slower than the selected internal clock.

command start

TC1 pininput '

1
1

Internal clock ||I:|l|:|Illlllllllllllllllllllll
! 0 d

' Y R s = = =
Up-counter 0 COCX XX 5 X XXX X2 X 2)

1
TREG1A X 7 p

T
1
tch rr clear
INTTC1 interrupt 1 match

(a) Positive Logic (INT2ES =0)

command start

}

Internal clock llllllllllllllllll|I|||||I|I|||I

CXEXOX X s X s X7 X8 XXo
match Ttlear

TC1 pininput

P= TN quympuylp—

Up-counter

TREG1A X s

INTTC1 interrupt

{b) Negative Logic (INT2ES=1)

Figure 2-19. Window Made Timing Chart

(5) Pulse width measurement mode

Counting is started by the external trigger (set to external trigger start by TC1S). The trigger can be
selected either the rising or falling edge of the TC1 pin input. The source clock is used an internal
dock. On the next falling (rising) edge, the counter contents are transferred to TREG1B and an
INTTC1 interrupt is generated. The counter is cleared when the single edge capture mode is set.
When double edge capture is set, the counter continues and, at the next rising (failing) edge, the
counter contents are again transferred to TREG1B. I a falling (rising) edge capture value is required,
it is necessary to read out TREG18 contents until a rising (falling) edge is detected. Falling or rising
edge is selected with INT2ES, and single edge or double edge is selected with MCAP1 ( bit 6 in
TCI1CR).
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count count
start start
TC1 pininput trigger

Internal clock II||IIlIIlI|I|I|II|I|I|||||l|l|||l||
ocourter 0 XXX o XOG

capture

TREG1B X‘n

INTTC1 n

[Applications] High or low pulse width measurement

(a) Single Edge Capture

count count
start start
TC1 pininput * Iy
h b
Internal clock I I | | | | I I I l I I l || | ll I I I | I | I ” | | I Il I l | |
] y R
Up-counter
TREG1B

INTTC1 ” n

[Applications] @ Period/ Frequency measurement
@ Duty measurement

{b) Double Edge Capture

Figure 2-20. Pulse Width Measurement Mode Timing Chart
Example: Duty measurement (Resolution fc/27 [Hz)])

CLR (INTTC1SW). 0 5 INTTC1 service switch initial setting
LD (EINTCR}), 000000008 ; Setstherise edge at the INT2 edge
LD (TC1CR), 00000110B ;  Setsthe TC1 mode and source clock
SET (EIRL) 4 ; EnablesiNTTC1

El

LD (TC1CR), 001101108 ;  Starts TC1 with an external trigger

PINTTCt: CPL (INTTC1SW) 0
JRS F, SINTTC1

; Complements INTTC1 service switch

LD (HPULSE), (TREG1BL) :  ReadsTREG1B
LD (HPULSE + 1), (TREG1BH)
RETI
SINTTC1: LD {(WIDTH), (TREG18BL) ;  Reads TREG1B (Period)

LD (WIDTH + 1), (TREG1BH}

RETI

VINTTC1: DW PINTTC1
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(6) Programmable Pulse Generate (PPG) output mode

Counting is started by an edge of the TC1 pin input (either the rising or falling edge can be
selected) or by a command. The source clock is used an internal clock. First, the contents of
TREG1B are compared with the contents of the up-counter. If a match is found, timer F/F1 output is
toggled. Next, timer F/F1 is again toggled and the counter is cleared by matching with TREG1A.
An INTTC1 interrupt is generated at this time. Timer F/F output is connected to the P14 (PPG) pin.
In the case of PPG output, set the P14 output latch to “1” and configure as an output with P1CRg4.
Timer F/F1is cleared to "0” during reset. The timer F/F1 value can also be set by program and either
a positive or negative logic pulse output is available. Also, writing to the TREG1B is not possible
unless the timer/ counter 1 is set to the PPG output mode with TC1M.

internal clock

Up-counter

TREG1B

TREG1A

PPG output

INTTC1

TC1 pininput

Internal clock

Up-counter

TREG1B

TREG1A

PPG output

INTTC1

|||I||||II|||||||I||||I|II||Illl command start
DO OHODHOCHONEDHODE

X 3 l g (

match\ \ N\ N
X ) 3 ) b

N s N ey B

n J"l J"I ﬂ Note:m>n

{a) Pulse

count
start

} trigger I external trigger start

TGN

X % (

match\ N\

D R —"
-

n Note : m>n

[Applications] One shot pulse output
(b} Singie

Figure 2-21. PPG Output Mode Timing Chart
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P14 output latch

Data output

bset

TFF1
TC1CR write strobe
;E >—bclear q
reset

match with TREG1B
match with TREG1A >—— toggle

B
INTTC1 interrupt -Y TimerF/F 1
A
5 TC1S clear signal

MPPG1

Figure 2-22. PPG Output

2.6 16-bit Timer/Counter 2 (TC2)

2.6.1 Configuration

TC2 pin
10/223 or 1572155 5 clear
fd213 or f5/25>——p \mer/ 16-bit up-counter
fc/28y— »iC levent counter
f/23—>ID ¥
fo>—lE
fs>——aIF
s | ___JTCW' comparator e INTTC2
3 interrupt
I
TC2CK Tezs enable
match detect control
TC2CR | TREG2 I
Timer/Counter 2 control register 16-bit timer register 2 TREG2H TREG2L
write strobe write strobe

Figure 2-23. Timer/Counter 2 (TC2)
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2.6.2 Control
The timer/counter 2 is controlled by a timer/counter 2 control register (TC2CR) and a 16-bit timer register

2 (TREG2). Reset does not affect TREG2.

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

TREG2
(0016, 0017, . , TREG2Y (00174) . . , TREG2,{00164) . L]
write only
TC2CR o 6 . > 4 3 2 . 0
©15) o = TC2CK | [rcam] (initial value :  **00 00%0)
Timer/counter 2 operating 0 : Timer/Event counter mode
TC2M
mode select 1 : Window mode
000 : internal clock fc12® or fs/2'°  [Hz]
001 : ’ fc/2% or fs/2°
010 : (4 fc/28
TC2cK | Timer/counter 2 011 : 2 fc123 write
source clock select 100 : # fc (Note 5) only
101 : 4 fs
110 : Reserved
111 : External clock (TC2 pininput)
TC2s Timer/counter 2 0 : Stop and counter clear
start control 1: Start

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

Note 2 : When writing to the low-byte of timer register 2 {TREG2,), the comparison is inhibited until
the high-byte (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(TREG2y5~11>0 when warm-up).

Note 5: “fc” can be selected as the source clock only in the timer mode during the SLOW mode.

Note 6: Always write “0” to bit 0in TC2CR.

Note 7: TC2CR and TREG2 are write-anly registers and must not be used with any of the read-
modify-write instructions.

Figure 2-24. Timer Register 2 and TC2 Control Register

2.6.3 Function
The timer/counter 2 has three operating modes: timer, event counter and window modes. Also
timer/counter 2 is used for warm-up when switching from SLOW mode to NORMAL2 mode.

(1) Timer Mode
In this mode, the internal clock is used for counting up. The contents of TREG2 are compared with
the contents of up-counter. If a match is found, a timer/ counter 2 interrupt (INTTC2)_is generated,
and the counter is cleared. Counting up is resumed after the counter is cleared.
Also, when fc is selected as the source clock during SLOW mode, the lower 11 bits of TREG2 are
ignored and an INTTC2 interrupt is generated by matching the upper 5 bits. Thus, in this case, only
the TREG2y setting is necessary.
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Source clock R . . .
Resolution Maximum time setting
NORMAL1/2, IDLE1/2 mode
SLOW mode | SLEEP mode
DV7CK=0 DV7CK=1 Atfc=8MHz | At fs=32.768kHz | At fc =8MHz | At fs = 32.768kHz

fc 7 22[Hz] fs/2"[Hz] fs /2" [Hz] fs/ 2" {Hz] 1.05s 1 s 19.1 hour 18.2 hour
fc/2% fs/2° fs/2° fsr2® 1.02 ms 1 ms 1.1 min i min
fcs28 fcr28 - - 32 s - 21 s -
fc/2? fc/23 - - T s - 65.5 ms -

- - fc (Note) - 125 ns - 79 ms
fs fs - - - 305 s - 2 s

Note:  “fc” can be used only in the timer mode.

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

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

Lo (TC2CR), 000011008 ; Setsthe TC2 mode and source clock
LDW (TREG2), 61A8H ; Sets TREG2(25ms + 23/fc = 61A8y)
SET (EIRH).EF14 ; Enable INTTC2

€l

LD (TC2CR), 001011008 5 Starts TC2

(2) Event Counter 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 fc/24 [Hz] in
NORMAL1/2 or IDLE1/2 mode, and fs/24 [Hz] in SLOW or SLEEP mode.

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

LD (TC2CR), 00011100B ; Setsthe TC2 mode
LDW (TREG2), 640 ; Sets TREG2

SET (EIRH).EF14 ; Enable INTTC2

El

Lb (TC2CR), 001111008 ; Starts TC2

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

TC2 pininput l I |

1
1

Internal clock Illllllil|l|||l||||l|ll||l|l|lIll
1

Up-counter 0 U A2 X X n-2  Xe-XnXoX 1T X2 X 3)

TREG2 X n

counter clear
INTTC2 interrupt match \n}

Figure 2-25. Window Mode Timing Chart
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2.7 8-Bit Timer/Co

2.7.1 Configuration

unter 3 (TC3)

l nhibit

Ising

Edge Capture F:D_)
™ detector | f2lling control INTTC3
nterrupt
.TC3M TC3S I
INT3ES clear
TG pin L
D
fo2t2orfsi2d — ™A source clock B-bit up-counter overflow
fo2Worfs22 —————>|g |_l_|_| TCam
for2? ¢
2 -
1 match
TC3CK capture l I capture
L S [ e
TC3S scap 8-bit Timer Register 3A, 3B
TC3CR ﬂ
Timer/Counter 3 Control Register
Figure 2-26. Timer/Counter 3
2.7.2 Control
TREG3A 7 6 5 4 3 2 1 0
(0018y) | | Read/Write
TREG3B
(00194) | J Read only
7 6 5 4 3 2 1 0
TC3CR . R R - .
©1A) L. .. [scap] = [rcas] Tcgek | [ream] (Initial value :  *0%0 00%0)
Timer/counter 3 0 : Timer/event counter
TC3M N
operation mode set 1 : Capture
00 : Internal clock fc/2% or fs72¢  [Hzl
vc3ck | Timerfcounter 3 01 : Internal clock fc/2" or fs/2?
source clock select 10 : Internal clock fc/27 Write
11 : External clock (TC3 pin input) only
Timer/counter 3 0 : Stop & clear
TC3S
start select 1 : Start
SCAP Software capture control 0: -
1 : Software capture
Note 1: fc,; High-frequency clock [Hz] fs; Low-frequency clock [Hz] =+, don’tcare
Note 2 : Set the mode, the source clock and the edge selection (INT3ES) when the TC3 stops (TC35 =0).
Note 3: Values to be loaded into timer register 3A must satisfy the following condition.
TREG3A > 0 (in the timer/event counter mode)
Note 4 : TC3CR is a write-only register and must not be used with any of read-modify-write instructions.

Figure 2-27. Timer Register 3A/3B and TC3 Control Register
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The timer/counter 3 is controlied by a timer/counter 3 control register (TC3CR) and two 8-bit timer
registers (TREG3A and TREG3B). Reset does not affect these timer registers.

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

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

Source clock Resolution Maximum setting time
NORMAL1/2, IDLE1/2 mode SLOW, SLEEP mode fc=8MHz fs =32 768kHz fc=8MHz fs = 32.768kHz
fc/2' or fs/2* [Hz] fs/2*  [Hz] 512 us 488.28 us 1311 ms 125 ms
fc/2 or fs/2? - 128 S 122.07 us 328 ms 31.25 ms
fcl127 - 16 s - 4.1 ms -

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

(2) EventCounter Mode

in this mode, the TC3 pin input pulses are used for counting up. Either the rising or falling edge can
be selected with INT3ES (bit 3 in EINTCR). The contents of TREG3A are compared with the contents
of the up-counter. If a match is found, an INTTC3 interrupt is generated and the counter is cleared.
The maximum applied frequency is f&/2% [Hz] in the NORMAL1/2 or IDLE1/2 mode, and fs/2* [Hz] in
SLOW or SLEEP mode. Two or more machine cycles are required for both the “H” and “L” levels of
the pulse width.

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

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

LD (TC3CR), 00001100B ; Sets TC3 mode and source clock
LD (TREG3A), 19H ;5 0.55+1/50=25=19y
LD (TC3CR}, 00011100B ; Start7C3

(3) Capture Mode

The pulse width, period and duty of the TC3 pin input are measured in this mode, which can be used
in decoding the remote control signals, etc. The counter is free running by the internal clock. On the
rising (falling) edge of the TC3 pin input, the current contents of counter is loaded into TREG3A, then
the up-counter is cleared and an INTTC3 interrupt is generated. On the falling (rising) edge of the
TC3 pin input, the current contents of the counter is loaded into the TREG3B. In this case, counting
continues. At the next rising (falling) edge of the TC3 pin input, the current contents of counter are
loaded into TREG3A, then the counter is cleared again and an interrupt is generated. If the counter
overflows before the edge is detected, FF is set to the TREG3A and an overflow interrupt (INTTC3) is
generated. During interrupt processing, it can be determined whether or not there is an overflow by
checking whether or not the TREG3A value is FFy. Also, after an interrupt (capture to TREG3A, or
overflow detection) 1s generated, capture and overflow detection are halted until TREG3A has been
read out; however, the counter continues.
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Up-counter 3 @D 006065 €3 6).&.0.0 €5 € €3 §9 €3 7.0.60 €9 &,
TC3 pininput .I |\ I—I
X n

TREG3A v k 1 \ \ X FF {overflow)
H R H X
TREG3B i X m ] FE |
capture \ capture 1 overfiow
INTTC3 interrupt n h

Reading TREG3A I I Mn

Figure 2-28. Timing Chart for Capture Mode (INT3ES =0)

2.8 8-bit Timer/Counter (TC4)

2.8.1 Configuration

TC4S
source clear
fa211 or f5/23 dock 8-bit up-counter overflow
fa27 > P H >
fos23 >
2 Timer F/F 4
Teack ows>-mateh PWNI /PBO
TFF4 TCAS | TCAM b toggle pin
2} 2 bset  Q —>o—0
| || TREGA | A clear
TC4CR
S Y_]
Timer/Counter 4 Control Register 8-bit Timer Register 4 decoder
TCAM =11
ﬁ ﬁ 2 Note: MPX; Multiplexer

CMP; Comparator
INTTC4 TC4M;4 TFF4
interrupt

Figure 2-29. Timer/Counter 4
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2.8.2 Control

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

TREG 6 5 4 3 2 1 0
EG4 .
(001By) [ : ] Write only
TCacR 6 S 4 3 2 1 0
(001G, [Cmepa ] [Tcas | Tcack TC4M | (initral value :  00+0 0000)
00 : Timer/event counter mode
01 : Reserved
TCAM TC4 operating mode select
operating © selec 10 : Programmable divider output (PDO) mode
11 : Puise width modulation (PWM) output mode
00 : Internal clock fc/2'" or fs/23[Hz] Writ
01 : Internal clock fc/2’ rite
TC4CK [ TC4 lock
source clock select 10 : Internal clock fc/2° only
11 : External ¢lack (TC4 pin input)
TC4s | TC4start control 02 Stop & clear
1: Start
00 : Clear
TFF4 | Timer F/F 4 control 01: Toggle
10 : Set
11: - (Note3)
Note 1: fc; High-frequency clock [Hz], fs; Low-frequency clock [Hz], *; don’t care
Note2: Set the operating mode, the source clock selection, the timer FIF 4 control and the edge
selection (INT4ES) when the TC4 stops (TC45 =0).
Note3: TFF4mustbesetto “11”in the timer and event counter modes.
Note4: Values to be loaded to the timer register must satisfy the following condition.
TREG4>0
Note5: TC4CR and TREG4 are write-only registers and must not be used with any of read-modify-
write instructions.

2.8.3 Function

Figure 2-30. Timer Register 4 and TC4 Control Register

The timer/counter 4 has four operating modes : timer, event counter, programmable divider output, and

PWM output mode.

(1) Timer Mode

In this mode, the internal clock is used for counting up. The contents of TREG4 are compared with
the contents of up-counter. If a match is found, a timer/counter 4 interrupt (INTTC4) is generated
and the up-counter is cleared to “0”. Counting up resumes after the up- counter is cleared.

Source clock Resolution Maximum setting time
NORMAL1/2, IDLE1/2 mode | SLOW, SLEEP mode At fc = 8MHz At fs=32.768kHz At fc = 8MHz At fs =32.768kHz
fc/2" or fs/2! [Hz] fs/2° [Hz] 256 us 24414 us 65.5 ms 62.5 ms
fc/2’ N 16 s - 4.1 ms -
fc/2? - 1 us - 256 “s -

Table 2-6. Source Clock {Internal Clock) for Timer/Counter 4
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(2) EventCounter Mode
In this mode, the TC4 pin input (external clock) pulse is used for counting up. Either the rising or
falling edge can be selected with TC4ES (bit 4 in EINTCR). The contents of the TREG4 are compared
with the contents of the up-counter. If a match is found, an INTTC4 interrupt is generated and the
counter is cleared. The maximum applied frequency is f¢/2% [Hz] in NORMAL1/2 or IDLE1/2 mode, and
fs/2% [Hz] in SLOW or SLEEP mode. Two or more machine cycles are required for both the high and
low levels of the pulse width.

(3) Programmable Divider Output (PDO) Mode
The internal clock is used for counting up. The contents of TREG4 are compared with the contents of
the up-counter. Timer F/F 4 output is toggled and the counter is cleared each time a match is found.
Timer F/F 4 output is inverted and output to the PDO (P55) pin. This mode can be used for 50% duty
pulse output. Timer F/F 4 can be initialized by program, and it is initialized to "0” during reset. An
INTTC4 interrupt is generated each time the PDO output is toggled.

Example : OQutputa 1024 Hz pulse (at fc = 4.194304MH2z)

LD (TC4CR), 000000108 s Initializes the TC4 mode, source clock and timer F/F 4
LD (TREG4), 20H 5 171024 5 27/fc=20y
LD (TC4CR), 000100108 ; Starts TC4

Internal clock ||IIII%II|I|I|I§§I|l|||||§,§|IIIIIII§§|II|

Up-counter 0 X X2 X AKX X2 X XXX X2 K XX A 2 A RAK

TREG4 X [3 [ $ $
matth\ \\ .

Timer F/F 4

PDO pin output l ‘ ‘

INTTC4 interrupt n “ J “

Figure 2-31. Timing Chart for PDO Mode

(4) Pulse Width Modulation (PWM) Output Mode

PWM output with a resolution of 8 bits is possible. The internal clock is used for counting up. The
contents of TREG4 are compared with the contents of up-counter. if a match is found, the timer F/F
4 output is toggled. The counter continues counting. And, when an overflow occurs, the timer is
again toggled and the counter is cleared. Timer F/F 4 output is inverted and output to the PWM
(PS5) pin. An INTTC4 interruptis generated when an overflow occurs.

TREG4 is configured a 2-stage shift register and, during output, will not switch until one output cycle
is completed even if TREG4 is overwritten; therefore, output can be altered continuously. Also, the
first time, TREG4 is shifted by setting TC4S (bit 4 in TCACR) to "1” after data are loaded to TREGA4.
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Internal clock ||||§‘||HII“HH””H”||H5;IL|I._IUL;,]UL|

Up-counter o XXX X X X o X XK n X X (XX o X X XX )

TREG4 X ¢ [ & X [ Ao d
match overflow averw?lte sh?ﬂ

Timer F/F 4

1 1 13 1

1 ] 1 1
PWM pin ___I—_l____l_——l_
INTTC4 interrupt " "

| 1 period 1

Figure 2-32. Timing Chart for PWM Mode

Source clock .
Resolution Repeat cycle
NORMAL1/2, IDLE1/2 mode
SLOW, SLEEP mode
DV7CK=0 DV7CK=1 At fc=8MHz At fs=32.768kHz At fc=8MHz At fs=32.768kHz
fc/2" [Hz] fs/2°  [Hz] fs/2% [Hz] 256 48 24414 us 65.5 ms 62.5 ms
fc/27 fel/27 - 16 us - 4.1 ms -
fcr23 fcl 22 - 1w - 256 #5 -

Table 2-7. PWM Qutput Mode
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2.9 Serial Interface (SIO1, SI02)

The 87C840/C40/H40/K40/M40A each have two clocked-synchronous 8-bit serial interfaces (SIO1 and
S102). Each 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 interfaces are connected to external devices via pins P44 (SO1), P43 (Si1), P42 (SCKT) for SIO1
and P47 (SO2), P46 (SI2), P45 (SCK2) for SIO2. The serial interface pins are also used as port P4. When

used as serial interface pins, the output latches of these pins should be set to

e

. In the transmit mode,

pins P43 and P46 can be used as normal I/O ports, and in the receive mode, the pins P44 and P47 can be

used as normal I/O ports.

2.9.1 Configuration

The SIO1 and SI02 have the same configuration, except for the addresses/bit positions of the control/

status registers and buffer registers.

S10 control/status registers

SIO1CR2
SIO2CR2

SIO1CR1/SIO1SR
SIO2CR1/51025R
T T T T

s

Il

Buffer control

Control circuit >

Transmit and receive
data buffer
(8 bytesin DBR)

circuit

Shift register
7 6 5 4

3 2 1

r 8-bit transfer

0
T T T SO1, 502 pins
Loy >[serial data output
4-bit transfer SI1, 12 pins

INTSIO1N
INTSI02

interrupt request

Serial clock

Cserial data input

SCK1, 5CK2 pins
=] Serial clock IO

Figure 2-33. Serial Interfaces

2.9.2 Control

The serial interfaces are controlled by SIO control registers (SIO1CR1/SI01CR2 or SIO2CR1/SI02CR2). The
serial interface status can be determined by reading SIO status registers (SO 1SR or SIO2SR).

The transmit and receive data buffer is controlled by the BUF (bits 2-0 in SIO1CR2/SIO2CR2). The data
buffer is assigned to addresses OFFOy - OFF7y for SIO1 or OFF8y - OFFFy for SIO2 in the DBR area, and can
continuously transfer up to 8 words (bytes or nibbles) 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 (INTSIO1 or INTSIO2) is generated.

When the internal clock is used as the serial clock in the 8-bit receive mode and the 8-bit transmit/receive
mode, a fixed interval wait can be applied to the serial clock for each word transferred. Four different
wait times can be selected with WAIT (bits 4 and 3 in SIO1CR2/SI02CR2).
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SI01, SI02 Control Registers 1
7 6 5 4 3 2 1 Q

SIO1CR1

{0020;,) | SI0s | Isl\llg SIOM | (SCK | (Initial value : 0000 0000)
SIO2CR1 . .
(0022y) SIOS Indicate transfer start/stop 0: Stop
1: Start
SIOINH | Continue/abort transfer 0': Continue transfer
1. Abort transfer (automatically cleared after abort)
000 : 8-bit transmit mode
010 : 4-bit transmit mode write
SIOM | Transfer mode select 100 : 8-bit transmit/receive mode only
101 : 8-bit receive mode
110 : 4-bit receive mode
000 : Internal clock fc/2%or fs/2°[Hz]
001 : Internal clock fc/28 Output on
SCK Serial clock select 010 : Internal clock fc/2° SCK pin
011 : Internal clock fc/2°
111 : External clock (input from SCK pin)
Note 1: fc; High-frequency clock [Hz], fs ; Low-frequency clock [Hz]
Note2: SetSIOS to “0” and SIOINH to “1” when setting the transfer mode or serial clock.
Note 3: SIOTCR/SIO2CR1 are write-only registers and must not be used with any of read-modify-write

instructions.

$101, SIO2 Status Registers

SI02SR
(0022, SIOF Serial transfer aperating 0 : Transfer terminated
status monitor 1 : Transfer in process read
SEF Shift operating status 0 : Shift operation terminated only
monttor 1 : Shift operation in process
$101, SI02 Control Registers 2
sloteR2 7. 6 5 4 3 2 1 0
(0021 : [ war BUF | ] (initial value: **+0 0000)
SIO2CR2 " e
(0023y)
Q:Tf =Tp
) 01:T; =2Tp
WAIT [ Wait control 10: Ty =4Tp
11:T; =8Tp
Buffer address used
5101 SI02 .
000 : 1 word transfer ~ OFFOy OFF8y Write
001 : 2 words transfer  OFFQ - OFF 1y OFF8 - OFF9y only
BUF Number of transfer words 010 : 3 wordstransfer  OFFQ - OFF2y OFF8 - OFFARL
011 : 4 words transfer  OFF0 - OFF3y OFF8 - OFFBy
100 : 5 words transfer  OFFQ - OFF4y OFF8 - OFFCy
101 : 6 words transfer  OFF0 - OFF5y OFF8 - OFFDy
110 : 7 words transfer  OFF0 - OFF6y OFF8 - OFFEH
111 : 8 words transfer  OFF0 - OFF7y OFF8 - OFFFy
3-639
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Note 1: *;don’tcare
Note2: WAIT isvalid only in the 8-bit transmit/ receive and 8-bit receive modes
Note3: Ty frametime, Tp, data transfer time

|

To

Tt

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

Note 5: Transmitting starts at the lowest address. Received data are also stored starting from the lowest
address to the highest address. For example, in the case of SIO1, the first buffer address transmitted is
OFFO.

Note 6 : The value to be loaded to BUF is held after transfer 1s completed.

Note 7. SIO1CR2/SIO2CR2 are write-only registers and must not be used with any of read-modify-write
instructions.

Figure 2-34. SIO Control Registers and Status Registers

(1) Serial Clock

a.Clock Source
SCK (bits 2- 0in SIO1CR1/SI02CR1) 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
SCK1/3CK2 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 until the
read/write processing is completed.

Serial clock
Maximum transfer rate
NORMAL1/2, IDLE1/2 mode
SLOW, SLEEP mode
DV7CK =0 DV7CK=1 At fc= 8MHz At fs =32.768kHz
fc/72¥  [Hz) fs/2° [Hz] fs/2°%[Hz) 0.954 Kbit/s 1 Kbit/s
fes 28 fcr2® - 305 -
fcs28 fer28 - 122 -
fc/ 28 fe/ 28 - 244 -
Table 2-8. Serial Clock Rate Note : 1Kbit =1024bit
3-640
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automatically
| wart function l
R —

swpnouon LI LT LTI LML LT LT
opnoumut N XX Xm X XEXEXE e X

Written transmit
data to the DBR a2 Xb ) &

Figure 2-35. Clock Source {Internal Clock)

@ External Clock
An external clock connected to the SCKT / SCK2 pin is used as the serial clock. In this case,
the P42 (SCKT) / P45 (SCK2)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 244K-bitss. (at
fc = 8MHz).

5CK pin input I I | l | I | |

~—Ie

tsckr tsckH

tsckL, tsckH > 4 teye Note : tcyc = 4/fc (In NORAML1/2, IDLE1/2 modes)
4/fs (In SLOW, SLEEP 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 } I { I i I * I
50 pin \ bito X bitt X bitz X bu3

Shift register X 3210 X x321 X **32 X **3

(a) Leading Edge

5CR pin L+ L L1 L1
Sipin X b0 X bitr X biz X b3

Shiftregister ___**** X _0*** X 0%+ X 210* X 3210
{b} Trailing Edge

Figure 2-36. Shift Edge

Note: *,don’tcare

{2) Number of Bits to 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).

B 9097249 0027699 u25 >oa
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(3) Number of Words to Transfer
Up to 8 words consisting of 4 bits of data (4-bit serial transfer) or 8 bits {8-bit serial transfer) of data
can be transferred continuously. The number of words to be transferred is loaded to BUF1/BUF2 in
SIOBCR.
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.

swon LI LT LT LI
s0pin OGO E

INTSIO interrupt "

(@) 1 Word Transmit

<N I I I 6 I O I O N
50 pin D O €9 9 &9 &9 £ £ ED ED D &

INTSIO interrupt "

{b) 3 Words Transmit

sl pin (Cao X o X2z X235 X bo X b (B2 X ba X0 X oo X 2 X <2 /

INTSIO interrupt "

(¢) 3 Words Receive

Figure 2-37. Number of Bits to Transfer (Example : 4-bit serial transfer)

2.9.3 Transfer Mode
SIOM (bits 5 - 3 in SIO1CR1/SI02CR1) is used to select the transmit, receive, or transmit/receive mode.

(1) 4-bit and 8-bit Transmit Modes

In these modes, the SIO1CR1/SIO2CR1 is set to the transmit mode and then the data to be
transmitted first are written to the data buffer registers (DBR). After the data are 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. 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 an automatic-wait will be initiated
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 : 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.

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.

3-642
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The transmission is ended by clearing SIOS ta “0” at the time that the final bit of the data being
shifted out has been transferred. That the transmission has ended can be determined from the
status of SIOF (bit 7 in SIO1SR/SIO2SR) because SIOF is cleared to “0” when a transfer is
completed.
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.
: clear SIOS
SI0S : l

; N
SIOF ____] \» L_____

sOpin \ 20X 21 X 22X 23X 20 X 2s X 26X az)X oo X b1 X o2 X bz X s X bs X bs X b7/

INTSIQ interrupt “\ "

bBR ) a xib
U |

write write

(a) (b)

(a) Internal Clock

~———clear SIOS -——>
si0s l :

SIOF I
SEF I

SCK pin {output)

sOpin \ 20X 21 X 224 23X 2a X 25X asX arX boX b1X b2 X b3X ba X bs X bs Xor/
INTSIO interrupt "\ ﬂ

write  write

(a) (b}
Figure 2-38. Transfer Mode (Example: 8-bit, 1 Word Transfer)

SCK pin I |
SIOF I_

sOpin pite X bit7 /

(b) External Clock

B S e ol
tsopn =min. 3.5/fc[s] (In the NORMAL1/2, IDLE 172 modes)
=min 3.5/fs [s] {In the SLOW, SLEEP modes)

Figure 2-39. Transmitted Data Hold Time at end of transmit

B S097249 0027701 4903 WA 3-643

Powered by | Cniner.comEl ectronic-Library Service CopyRi ght 2003



TOSHIBA TMP87C840/C40/H40/K40/M40A

(2) 4-bitand 8-bit Receive Modes

After setting the control registers to the receive mode, set SI0OS to “1” to enable receiving. The
data are then transferred to the shift register via the Si pin in synchronous with the serial clock.
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: Waits are also canceled by reading a DBR not being used as a received data buffer
register is read; 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.

Clear SIOS to “0” to end receiving. When SIOS is cleared, the current data are transferred to the
buffer in 4-bit or 8-bit blocks. The receiving mode ends when the transfer is completed. SIOF is
cleared to “0” when receiving is ended and thus can be sensed by program to confirm that
receiving has ended.

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 S$IOS to “0”, read the
last data and then switch the transfer mode.

ctear SIOS |

SIOS

_-LLI <
1 \ i
T

SEF

SCK pin output

22224

St pininput

INTSIO interrupt

DBR Xa Xb

Read out Read out
Figure 2-40. Receive Mode (Example : 8-bit, 1 word, internal clock)

(3) 8-bit Transmit/Receive Mode
After setting the control registers to the 8-bit transmit/receive mode, write the data to be
transmitted first to the data buffer registers (DBR). After that, enable transceiving by setting

3-644
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510S to “1”. When transmitting, the data are output from the SO pin at leading edges of the
serial clack. When receiving, the data are input to the $I 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
and then writes the data to be transmitted. The data buffer register is used for both
transmitting and receiving; therefore, always write the data to be transmitted after reading 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.

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 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.

Clear SIOS to “0” to enable the transmit mode. When SIOS is cleared, the current data are
transferred to the data buffer register in 8-bit blocks. The transmit mode ends when the
transfer is completed. SIOF is cleared to “0” when receiving is ended and thus can be sensed by
program to confirm that receiving has ended.

clear SIOS 1

SI0s

SIOF

SEF
SCK pin output
SO pin

Sipin

INTSIO interrupt m L
DER X= XI?@ _Xd

write (a) read out (¢) write (b) read out (d)

Figure 2-41. Transmit/Receive Mode (Example : 8-bit, 1Tword, internal clock)
5CR pin I ]
SIOF . ]

SO pin bite X - bit? /

'« USODH

tsopn =min 4/fc [s] (In the NORMAL1/2, IDLE1/2 modes)
=rmin 4/fs [s] {In the SLOW, SLEEPmodes)

Figure 2-42. Transmitted Data Hold Time at end of transmit/receive
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2.10 8-bit A/D Converter (ADC)

The 87C840/C40/H40/K40/M40A each have an 8-channel multiplexed-input 8-bit successive approximate

type A/D converter with sample and hold.

2.10.1 Configuration

Ladder resistors
prmimrm mrmimm = e SEmiimimimis hmimimiooioi S SormimmiTiioios oo -
; R/2 R R R/2 :
VAREF [F———Wr— Wy --------momm T MV——W— LD vass
i
,
Tap Decoder
Analeg input Sample & Hold
Multiplexer P e T - Reference
i [ Voltage
i i
AINO Ay i i
ANt O———8 8
AIN2 O—]¢
AN O———(P Analog
Comparator
AIN4 [F——E
AlNs O——F
AIN6 [F—16G ) | Successive Approximate Circuit
AIN7 O——H &N
Shift clock
EN S
AINDS | Control Circuit J 8
8 SAIN ADS EOCF
8
P6CR J I ADCCR J | ADCDR |
P6 input/ output controi register  A/D Converter control register AJD Conversion result register

Figure 2-43. A/D Converter

2.10.2 Control

The A/D converter is controlled by an A/D converter control register (ADCCR) and a port P6 input/output

control register (P6CR).

A/D Conversion Result Register
7 6 S 4 3 2 1 0

ADCDR T T T T T
(000F}) . : : . . - Read only

Port P6 Input/ Output Control Register
7 6 5 4 3 2 1 0

P6CR T T H . : N - i lue : 1
(000G r : : : : : J (Intial value:  11111111)
P&CR 11O control for port P6 0': input port (AINDS =0) write
1 : analog input only

Note : P6CR is a write-only register and must not be used with any of read-modify-write instructions.

3-646
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A/D Converter Control Register

7 6 5 4 3 1 0
ADCCR {EocF | aps | [anDs ]| SAIN ] (nitial value :  00+0 0000)
(OOOEH) ..... 1 L
0000 : AINO
0001 : AIN1
0010 : AIN2
0011 : AIN3
SAIN | Analoginput selection 0100 : AIN4
0101 : AINS
0110 : AING
0111 : AIN7
1*** : reserved RIW
. 0 : Enable
AINDS | Analog input control 1 Disable
. 0: -
ADS A/D conversion start 1 : A/D conversion start
EOCE End of A/D conversion flag 0 : Under conversion or Before conversion R
1 : End of conversion
Note1: *, don’tcare
Note2: Selectanalog input when A/D converter stops.
Note 3: The ADS is automatically cleared to “0” after starting conversion.
Note4: The EOCFisclearedto "0” when reading the ADCDR.
Note5: The EOCF s read-only.

Figure 2-44. A/D converter control register and A/D conversion result register

2.10.3 Operation
Apply analog reference voltage to pins VAREF and VASS.

(1) Start of A/D conversion
First, set the corressponding P6CR bit to “1” for analog input. Clear the AINDS (bit 4 in ADCCR) to
“0" and select one of eight analog input AIN7-AINO with the SAIN (bits 3-0 in ADCCR).

A/D conversion is started by setting the ADS (bit 6 in ADCCR) to “17.
Conversian is accomplished in 46 machine cycles (184/fc [s] ).
The EOCF (bit 7 in ADCCR) issetto “1"” at end of conversion.

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

B 9097249 DO2°?705 559 WA
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(3) A/D conversion in STOP mode
When the MCU places in the STOP mode during the A/D conversion, the conversion is terminated
and the ADCDR contents become indefinite.
However, if the STOP mode is started after the end of conversion (EOCF = 1), the ADCDR contents

are heid.
aos [1 [T
ADCDR X invalid X result x invalidx invalid X result
--conversion tlme—>§ . —econversion time >
184/fc [s] i . : 184/fc [s]
EOCF I l I I
A4 A4 4
ros ros s
e t e t t
a a a a a
d r d r r
t 1 t
Figure 2-45. A/D conversion Timing chart
Example:
; AIN SELECT
LD (ADCCR), 001001008 ;  selects AIN4
; A/D CONVERT START
SET (ADCCR). 6 ; ADS=1
SLOOP @ TEST (ADCCR). 7 ; EOCF=1?
JRS T,SLO0OP
; RESULT DATA READ
LD (9EH), (ADCDR)
FFuT e ———
FE4 T -
Conversion Fou T .
result i
& =
03y + o
02 + —
0ly T 7
il ! ' ! I(d 1 } { )
t t T )} 1 T T T VAREF - VASS
0 1 2 3 253 254 255 256 X =3
Analog input voltage

Figure2-46. Analog input voltage vs A/D conversion result (typ.)
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INPUT/OUTPUT CIRCUITRY

(1) Control pins

The input/output circuitries of the 87C840/C40/H40/K40/M40A control pins are shown below, any one
of the circuitries can be chosen by a code (NM1 or NM2) as a mask option.

CONTROLPIN 110 INPUT/OUTPUT CIRCUITRY and CODE REMARKS
Osc. enable _)iD’—» Resonator connecting pins
AV (high-frequency)
XIN Input L R¢ L Ry =1.2MQ {typ.)
XOuT Qutput RZ Z=Ro Ro =1.5kQ (typ.)
&l R =1k {typ.)
XIN XOouT
NM1 NM2
Osc. enable __&__) Resonator connecting pins
Refer {low-frequency)
XTIN (P21) Input to A 1 Ry =6MQ (typ.)
XTOUT (P22 f B _
(P22) | Output port P2 R =Ro Ro =220kQ (typ.)
R =1kQ (typ.)
XTIN XTOUT
VDD Sink open drain output
Rin R Hysteresis input
RESET 1o Address-trap-reset Pull-up resistor
Watchdog timer reset - Rin=220kQ  (typ.)
System-clock-reset
R=1k (typ.)
—o—] R Hysteresis input
STOP/INTS Input
(P20)
P20 <|' R=1kQ {typ)
STOP/INTS <
R
Pull-down resistor
Riy=70kQ (typ.)
TEST Input Ry
R=1kQ (typ.)
Note 1:  The 87PHA0/PMA40/PHA0A/PMA0A does not have a pull-down resistor for TEST pin.

Note2 :

The input/output circuitries of the 87PH40/PMA40/PHA40A/PM40A are the code NM1 type.

3-649
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(2)

Input/Qutput Ports

The input/output circuitries of the 87C840/C40/H40/K40/M40A input/output ports are shown below,
any one of the circuitries can be chosen by a code (A, B, C, or G) as a mask option.

PORT /0 INPUT / OUTPUT CIRCUITRY and CODE REMARKS
inittal “H1-Z2" vDD
Tri-state /O
PO
[/{e]}
P6 disable g R
o R= 1k (typ.)
~J
imtial “Hi-2* VDD
Tri-state /O
Hysteresis input
P1 10
disable < R
i} R=1kQ (typ.)
initial “Hi-Z" Sink open drain output
P2 _Do_l High current output only P3
170
P3 R
A R=1k&
~J
A,B C, G Sink open drain output
initial "Hi-z" initial “High” vbo or
Push-pull output
P4 w | ——f>o—]
R 'C-{(;’IZII'OI =< R |Hysteresisinput
@l R = 1kQ (typ.)
A B, C G Sink open drain output
initial “Hi-z* initial “High” vbb or
—D Push-pull output
P5 7o —Do___l P
< Hi-Z - Hysteresis i
<=’R cortrol R ysteresis input
_@__J R=1kQ (typ )
initial “Hi-2" imtial “Hi-Z” Tri-state /O
P7 ’e} Pull-up resistor
disable disable Ry = 70k (typ.)
R =1k {typ.)

Note : The lnput/output circuitries of the 87PH40/PM40/PH40A/PM40A /O ports are the code A type.
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (Vss=0V)
PARAMETER SYMBOL CONDITIONS RATINGS UNIT
Supply Voltage Voo -03to7 \
Input Voltage Vin -03toVpp+0.3 v
Except sink open drain pin, butinclude P2
Voun -0.3toVpp+03
Output Voltage and RESET v
Voutz | Sink open drain pin except port P2, RESET -0.3te 10
lout1 | Ports PO, P1, P2, P3, P4, P5, P6, P7 32
Output Current (Per 1 pin) mA
loutz | PortP3 30
2 louTt Ports PO, P1, P2, P4, P5, P6, P7 120
Output Current (Total) mA
3 loyt2 | PortP3 120
o TMP87C840N / CAON / HAON / K4ON 600
Power Dissipation [Topr = 70°C] PD mw
TMP87C840F / CA0F / H40F / K4OF 350
Soldering Temperature (time) Tsid 260(109) °C
Storage Temperature Tstg -55t0 125 °C
Operating Temperature Topr ~30to 70 oC
RECOMMENDED OPERATING CONDITIONS | (vss=0V, Topr = — 30 to 70°C)
PARAMETER SYMBOL PINS CONDITIONS Min. Max. UNIT
fo=8MHz NORMAL1, 2 mode 45
IDLE1, 2 mode
fe= NORMAL1, 2 mode
Supply Voltage Voo 42MHz | IDLEY, 2 mode 27 6.0 A
fsm SLOW mode ’
32 768kHz | SLEEP made
STOP made 2.0
Vimn Except hysteresis input Vpp X0 70
VppZ4 5V
Input High Voltage ViH2 | Hysteresisinput Vop X075 Voo v
Vin3 Vpp<4.5V Vpp % 0.90
Vi Except hysteresis input Vppx0.30
VppZ 4.5V
Input Low Voltage Vi Hysteresis input 0 Vpp %0 25 Y
Vi Vpp<4 5V Vppx0.10
Vpp=4 5to 6V 80
fc XIN, XOUT 0.4 MHz
Clock Frequency Vpp=2.7to 6V 4.2
s XTiIN, XTOUT 30.0 340 kHz
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l D.C. CHARACTERISTICS (Vss =0V, Topr = ~ 30 to 70°C)

PARAMETER SYMBOL PINS CONDITIONS Min. | Typ. | Max. | UNIT
Hysteresis Voltage VHs Hysteresis inputs - 0.9 - Y
hna TEST
Open drain ports and Vpp =5.5V
input Current linz tri-state ports - - 2 | A
- ViN=5.5V/0V
lin3 RESET, STOP
Input Low Current i Push-pull ports Vpp =5.5V, Viy=0.4V - - -2 mA
Input Resistance Rin2 RESET 100 220 450 KQ
Output Leakage Lot Open drain ports Vpp =5.5V, VOUT =5.5V - - 2 -
Current oz | Tri-state ports Vpp = 5.5V, VOUT = 5.5V/0V - - | 22
Vou1 Push-pull ports Vpp =4.5V, loy= —200zA 2.4 - -
Qutput High Voltage N \
Vouz Tri- state ports Vpp=4.5V, lop= -0.7mA 4.1 - -
Output Low Voltage VoL Except XOUT and port P3 Vpp=4.5V, lg = 1.6mA - - 041 V
Output Low Current loLs PortP3 Vpp=4.5V, Vg = 1.0V - 20 - mA
Supply Currentin Vpp=5.5V B7CB40/CA0/HAD. — 8 14 mA
NORMAL 1, 2 mode fc=8MHz 87CKA0 - 10 16
Supply Currentin fs = 32.768KHz B7CB40/CA0/HAD - 4 6 mA
IDLE 1, 2 mode ViNn=53V/0.2Vv 87CKA0 - '] 45 6
Supply Currentin Vpp =3.0V _
SLOW mode oo fs = 32.768KHz 30 ) 60 | wA
Supply Currentin ViN=2.8V/0.2V ~
SLEEP mode 15 30 1 #A
Supply Currentin Vpp = 5.5V B
STOP mode Viy=5.3V/0.2V 0.5 10 A
Note 1: Typical values show those at Topr=25°C, Vpp =5V.
Note 2 : Input Current ; The current through pull-up or pull-down resistor is not included.
LA /D CONVERSION CHARACTERISTICS (Vss =0V, Vpp =4.5~6.0V, Topr = ~ 30 to 70°C)
PARAMETER SYMBOL CONDITIONS Min. Typ. Max UNIT
Varer Vpp-1.5 - Voo
Analog Reference Voitage v
Vass Vss - 1.5
Analog Reference Voltage Range { aVagrer 2.5 - - v
Analog Input Voltage Vain Vass - VARer v
Analog Supply Current IRer - 0.5 1.0 mA
Nonlinearity Error - - +1
Vpp = 5.0V, Vg5=0.0V
Zero Point Error - - +1
Vager = 5.000V LS8
Full Scale Error - - kA
Vass = 0.000V
Total Error - - +2
Note : AVarer = VaReF—Vass
3-652
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TOSHIBA TMP87C840/C40/H40/KA40

‘ A.C. CHARACTERISTICS (Vgs =0V, Vpp =4.51t0 6.0V, Topr = - 30t0 70°C)
PARAMETER SYMBOL CONDITIONS Min. Typ. | Max. | yNIT

In NORMAL 1, 2 mode

Machine Cycle Time 1, In IDLE 1, 2 mode o - "

Y i In SLOW mode s3a #s

In SLEEP mode 17.6 - {13

High Level Clock Pulse Width WCH | For external clock operation 625 _ ~ N

Low Level Clock Pulse Width twer | XINinput), fc= 8MHz

High Level Clock Pulse Width twsH [ For external clock operation 147 _ _ 5

Low Level Clock Pulse Width | tws | XTINinput). fs=32.768kHz

RECOMMENDED OSCILLATING CONDITION (Vss=0V, Vpp=4.5t06.0V, Topr= ~301t0 70°C)

RECOMMENDED
CONDITION
PARAMETER OSCILLATOR FREQUENCY RECOMMENDED
OSCILLATOR
Cq G,
KBR8.0M
aMHz KYOCERA 8.0l
Ceramic Resonator 30pF 30pF
KYQCERA KBR4 OMS
4MHz
. MURATA CS5A4.00MG
High-frequency
8MHz TOYOCOM 2108 8.0000
Crystal Oscillator 20pF 20pF
4MHz TOYOCOM 2048 4.0000
Low-frequency | Crystal Oscillator 32.768kHz | NDK MX-38T 15pF 15pF
XIN XOUT XTIN XTOUT

(1) High-frequency (2) Low-frequency
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TOSHIBA TMP87CM40A

ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (Vss = 0V)
PARAMETER SYMBOL CONDITIONS RATINGS UNIT
Supply Voltage Vbp -03to7 "
Input Voltage Vin ~-0.3toVpp+0.3 v
E k i incl P2
Vourt xzeséssg} open drain pin, butinclude ~0.3toVpp+03
Output Voltage an v
Vour2 | Sink open drain pin except port P2, RESET -0.3t010
lout: | Ports PO, P1, P2, P3, P4, PS5, P6, P7 3.2
Output Current (Per 1 pin) mA
louT2 Port P3 30
= loum Ports PO, P1, P2, P4, P5, P6, P7 120 A
Output Current (Total) m.
S loyr2 | PortP3 120
o TMP87CM40AN 600
Power Dissipation [Topr = 70°C] PD mw
TMP87CMA0AF 350
Soldering Temperature (time) Tsld 260(10s) °C
Storage Temperature Tstg -55t0 125 °C
Operating Temperature Topr -30t0 70 °c
RECOMMENDED OPERATING CONDITIONS | (vsg=0V, Topr = — 30 to 70°C)
PARAMETER SYMBOL PINS CONDITIONS Min. Max. UNIT
fempmHz LNORMALT, 2 mode 45
IDLE1, 2 mode
fe= NORMALY1, 2 mode
Supply Voltage Voo 42MHz | DLE1, 2 mode 27 55 v
fsm SLOW mode ’
32768kHz | SLEEP mode
STOP mode 20
ViH1 | Except hysteresis input Vpp % 0.70
. VppZ4.5V
Input High Voltage VIH2 | Hysteresis input Vpp % 0.75 Voo v
Vins Vpp<4.5V Vpp x 0 90
ViLs Except hysteresis input Vpp % 0.30
VopZ 4 5V
Input Low Voltage Vi | Hysteresisinput 0 Vpp % 0.25 \
Vi Vpp<4.5V Vpp x0.10
Vpp=4.5t05 5V 8.0
fc XIN, XOUT 0.4 MHz
Clock Frequency Vpp=2.7t05.5V 4.2
fs XTIN, XTOUT 30.0 34.0 kHz
3-654
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TOSHIBA TMP87CMA40A
| D.C. CHARACTERISTICS (Vgs =0V, Topr = - 30 to 70°C)
PARAMETER SYMBOL PINS CONDITIONS Min. | Typ. | Max. | UNIT
Hysteresis Voltage Vs Hysteresis inputs - 0.9 - \
Iint TEST
I Open drain ports and Voo =5.5V
Input Current N2 tri-state ports - - 2 pA
P Vin=5.5V/0V
lin3 RESET, STOP
input Low Current I Push-pull ports Vpp =5.5V, V|y=0.4V - - -2 mA
Input Resistance Rin2 RESET 100 220 450 KQ
Output Leakage Lot Open drain ports Vpp=55V,VOUT=5.5V - - 2
Current loz | Tri-state ports Vpp = 5.5V, VOUT = 5.5V/0V - - 12 | 4
VoH1 Push-pull ports Vpp=4.5V, lon= - 200uA 24 - -
Output High Voltage " v
Vonz Tri- state ports Vpop=4.5V, loy= - 0.7mA 4.1 - -
Qutput Low Voltage VoL Except XOUT and port P3 Vpp=4.5V, lg = 1.6mA - - 0.4 Vv
QOutput Low Current loLs Port P3 Vpp =4.5V, VoL = 1.0V - 20 - mA
Supply Current in Vpp=5.5V _
NORMAL 1, 2 mode fc=8MHz W e | mA
Supply Currentin fs =32 768KHz _
IDLE 1, 2 mode Viy=5.3V/0.2V 45 | 6 Jma
N Supply Currentin Vpp = 3.0V _
SLOW mode oo fs = 32.768KHz 30 60 | wA
Supply Currentin ViN=2.8V/0.2V _
SLEEP mode 15 30 #A
Supply Current in Vpp=5.5V _
STOP mode Vin=5.3V/0 2V 05 | 10 | wA
Note 1: Typical values show those at Topr=25°C, Vpp =5V.
Note 2 : input Current ; The current through pull-up or pull-down resistor 1s not included.
LA /D CONVERSION CHARACTERISTICS (Vss =0V, Vpp = 4.5~5.5V, Topr = - 30 t0 70°C)
PARAMETER SYMBOL CONDITIONS Min. Typ. Max UNIT
VARer 2.7 - Voo
Analog Reference Voltage V;
Vass Vss - 1.5
Analog Reference Voltage Range | aAVarer 25 - — v
Analog Input Volitage Vain Vass - VAREF v
Analog Supply Current IReF — 05 1.0 mA
Nonlinearity Error - — +1
Vpp =2.7~5 0V, Vss=0.0V
Zero Point Error —_ — +1
Varer =2 700V, 5.000V LSB
Full Scale Error —_ — +1
Vass = 0.000V
Total Error - - 2
Note . sVager = Varer—Vass
3-655
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TOSHIBA TMP87CM40A

| A C. CHARACTERISTICS (Vss =0V, Vpp =4.510 5.5V, Topr= - 30 to 70°C)

PARAMETER SYMBOL CONDITIONS Min. Typ. | Max. | UNIT

In NORMAL 1, 2 mode

Machine Cycle Time 1 InIDLE 1, 2 mode o3 - 10

y Y [InSLOW mode “s

in SLEEP mode 117.6 - | 1333

High Level Clock Pulse Width tWeH | For external clock operation 625 _ _ ns

Low Level Clock Pulse Width twer | (XINinput), fe=8MHz

High Level Clock Pulse Width twsH | For external clock operation 14.7 _ _ s

Low Level Clock Pulse Width twst (XTIN input), fs = 32.768kHz

RECOMMENDED OSCILLATING CONDITION I {(Vss=0V, Vpp=4.51t05.5V, Tapr= -30t070°C)

RECOMMENDED
PARAMETER OSCILLATOR FREQUENCY RECOMMENDED CONDITION
OSCILLATOR
C C
8MHz KYOCERA KBR8.0OM
Ceramic Resonator 30pF 30pF
KYQCERA KBR4.OMS
4MHz
. MURATA CSA4.00MG
High-frequency
8MHz TOYOCOM 2108 8.0000
Crystal Oscillator 20pF 20pF
4MHz TOYOCOM 204B 4.0000
Low-frequency | Crystal Oscillator 32.768kHz [ NDK MX-38T 15pF 15pF
XIN XOUT XTIN XTOUT

(1) High-frequency (2) Low-frequency
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