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TOSHIBA UNDER DEVELOPMENT TMP87C408

CMOS 8-BIT MICROCONTROLLER

TMP87C408M

TMP87C408M is high speed and high performance 8-bit singie chip microcomputers to operate on low
voltage and low power consumption. This MCU contains ROM, RAM, input/output ports, multi-function
timer/counter, aserial interface, and 8-bit A/D converter.

Part No. ROM RAM Package OTP MCU
TMPB7C408M 4K byte 256 byte SOP28 TMP87P808M
FEATURES
#8-bitsingle chip microcomputer TLCS-870 series SOP28-P-450

@ Minimum instruction execution time : 0.5 us (at 8 MHz2)
@ 129 types & 412 basic instructions
® Multiplication (8bits x 8bits, 16bits + 8bits)
: Execution time 3.5 us (at 8 MHz)
e Bit manipulations
(Set/Clear/Complement/Load/Store/Test/ Exclusive or)
® 16-bit data operations
® 1-byte jump/call (Short relative jump / Vector call)
@ 10 interrupt sources (External : 4, internal : 6)
® Allsources have independent latches each, and nested interrupt
control is available.
® Edge-selectable external interrupts with noise reject
® High-speed task switching by register bank changeover © TMP87C408M
€ Input/Output ports (22 pins) TMP87P80SM

® High current output : 6pins (Typ.7 mA)
€ Two 16-bit Timer/Counters
® Timer, Eventcounter, Programmable pulse generator output, Pulse width measurement,
External trigger timer, Window modes
@ Time Base Timer ‘
® interrupt frequency types : 8 types {1 to 16384 Hz)
@ Divider output function (frequency : 4 types)
€ Watchdog Timer
& One 8-bit Serial Interface
& With 8 bytes transmit/receive data buffer
¢ Internal/external serial clock, and 4/8-bit mode
@ 8-bit Successive approximate type A/D converter with sample and hold
® 6 analog inputs
¢ Conversion time : 23 us/92 u«s at 8 MHz programmable selectable
¥ Two Power saving operating modes
® STOP mode : Oscillation stops. Battery/Capacitor back-up
Port output hold/high-impedance ’
® IDLEI mode : CPU stops, and Peripherals operate using high-frequency clock. Release by interrupts.
€ Operating voltage : 2.7t0 5.5V at4.2 MHz/4.5t0 5.5V at 8 MHz
€ Emulation pod : BMB87CH47U0A
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TOSHIBA UNDER DEVELOPMENT TMP87C408

PIN ASSIGNMENTS (TOP VIEW)

sopP28

XQUT =-— ] ~ 28 ] =— voD
XIN — (]2 27 [J =« RESET
TeEST — 3 26 [ -~ P10 (INTO)
pg7 ~>[]4 25 [J - P11 (INT1)
P66 == (15 24 J - P12 (INT2/TC1)
(AINS) P65 ~> (] 6 23 [J~= P13 (GV0)
(AING) P64 <> []7 22 {J == P14 (PPG)
(AIN3) P63 =~ []8 21 O - p15(TCY)
(AIN2) P62 == (]9 20 Q- P16
(AIN1) P61 ~=T]10 19 [J == p17
(AINO) P60 ~[] 11 18 [J = p72
(VAREF) P77 =[] 12 17 [3 = P73 (5CK)
(STOP/INT5) P76 =[] 13 16 [0 > P74 (51)
(VASS) vss —=[]14 15 [J == P75(S0)

BLOCK DIAGRAM

Power { voD
Supply VvSS —4—»

1T 1L 1T i 1T

P S W r Stack Pointer l Data Memory rProgram Counter l

ALU Flags l RBS l:______(&!). .....

— L 4 L

Register Banks

~d A N

Reset /O RESET =
Test Pin TEST

System Controller

Program Memory
Interrupt Controller ] (ROM)

e

~ Standby Controller ? ) t i i f

Timing Generator

M| Time Base 16-bit B-bit Serial
Resonator{ XIN L Timer Timer/Counters : Interface J

! -
Connecting | xouT-= High Clock TC1 ] TC2 S O\ Instruction
Pins LTT A \ 1 Register
frequency| Generator Watchdog ' Y / Instruction
Timer Decoder
g - 4 -l
[ TT
py 8-bit m m P?
= A/D converter =l
L [ S l .
L L LU LU
P76 VAREF P67 P65 (AINS) P17 P75
(P77) P& to to t0
P60 (AINO) P10 P72 -
Anal \
O port Analog Y
reference {analog mputs)
voltage O ports
(VO ports)
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TOSHIBA

UNDER DEVELOPMENT

TMP87C408

PIN FUNCTION

counter input, the input mode is
configured. When used as a divider
output or a PPG output, the iatch must be

Pin Name input/ Output Function
P17, P16 70 Two 8-bit programmabie input/output
............................................................ ports (tri-states)
P15 (T . L i i
..... >rea  VOlneud | |Eachbitotthese ports can beindiviauaily | TImerCounter 2imput
311 55G) ‘ configured as aninput or an output under Programmable pulse generator outpu?
e ] 4O (Output) sOftware control. When used @5 an  beerere e
P13(OVO) external interrupt input or a timer Divider output

P11 (INTH 1/0 (Input External interrupt input 1
,,,,,,, () (input) setto "17 and the output mode is pp
210 (INT0) configured. External interrupt input 0

8-bit programmabie input/output port
P67, PEE (tri-states). Each bit of the port can be
............................. VO(nputy | Individually configured as aninputoran|
P65 (AINS) npd output under software control. When

b used as an analeg input, the input mode is | A/D converter analog inputs
~P60 (AINO) configured.
P77 (VAREF) 6-bit programmable input/output port | Analog reference power supply
P7 ......................... 1O (Output) (trisstates). e,
. L TOP i i i

AR D Each bit of these ports can be individually | 707 MO0 relene npuLExtemal oterrugtsnput
P75 (50) 1/0 (Output) configured as an input or an output under SIO serial data output
........................................................... SOﬂWaTE Control. et ta e rereteateiraretanaeaacasnare s s ar e e ibebaretotnerts
P74 (S /0 (input) When used as an input port, a serial | 510 serial datainput
P73 (5CK) VO (170) interface pin, or an external interrupt | ¢, (ool lock inputioutput
......................................................... input, the latch must be set to "1”.
P72 /O (Input)

Resonator connecting pins for high-frequency clock.

I XIN, XOUT input, Output . . : . .

For inputting external clock, XIN is used and XQUT is opened.
RESET 110 Reset signal input or watchdog timer output/address-trap-reset autput/system-ciock-reset output.
TEST Input Test pin for outgoing test. Be tied to low.
VDD +5V

Power Supply -

VSS (VASS) 0V (GND) Analog reference GND
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TOSHIBA UNDER DEVELOPMENT TMP87C408

OPERATIONAL DESCRIPTION

1. CPU CORE FUNCTIONS
The CPU core consists of a CPU, a system clock controller, an interrupt controller, and a watchdog timer.
This section provides a description of the CPU core, the program memory, the data memory, and the reset
circuit.

1.1 Memory Address Map
The TLCS-870 Series is capable of addressing 64K bytes of memory. Figure 1.1 shows the memory address
maps of the 87C408. in the TLCS-870 Series, the memory is organized 4 address spaces (ROM, RAM, SFR,
and DBR). It uses a memory mapped l/O system, and all I/O registers are mapped in the SFR/DBR address
spaces. There are 16 banks of general-purpose registers. The register banks are aiso assigned to the RAM

address space.
0000y
SFR [ : 64 bytes
003F
00?0 Register banks
; 128 bytes ( 8 registers x 16 banks) '
00BF |... ...
OO;CO Note : ROM; Read Only Memory includes :
RAM : 128 bytes Program memory
: RAM ; Random Access Memory includes :
o1 :3': : : Data memory
Do Stack
oL ) General- purpose register banks
OFEO : i SFR, Special Function Register includes :
: 110 ports
D8R 8 bytes Peripheral hardware control registers
: Peripheral hardware status registers
OFf" = - System control registers
. - Interrupt control registers
Program Status Word
o : DBR, Data bufferregistersincludes:
F°9° :E 3840 1 SI0 transmit/receive data buffer
: bytes |
N N
ROM oL 192 L
: bytes Entry area for page
FFBF ................. Vector table for call instruction
FFCO | 35 bytes ]venor cail instruction
FFOF [ i {16 vectors) .
FFEO Interrupt vector tabie
L EFFF 32 bytes (16 vectors)
87C408

Figure 1-1. Memory Address Map
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TOSHIBA UNDER DEVELOPMENT TMP87C408

1.2 Program Memory (ROM)
The 87C408 has a 4K bytes (addresses FO00 to FFFFn) of program memory (mask programmed ROM).
Figure 1.2 shows a program memary map.
Addresses FF0O to FFFFy of program memory is also used for a special purpose.

(1) interrupt vector table (addresses FFEQ to FFFFy)
This table consists of a reset vector and 16 interrupt vectors (2 bytesivector). These vectors stare a
resetstart address and interrupt service routine entry addresses.

Vector table for vector call instructions (addresses FFCO to FFDFy)

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

(3) Entry area(addresses FFOO to FFFFy) for page cali instructions
This is the subroutine entry address area for the page call instructions [CALLP a]. Addresses FFOO to

FFBF are normally used because addresses FFCO to FFFFy are used for the vector tables.

Programs and fixed data are stored in the Address ROM
program memory. The instruction to be F°°5°” .lcontents
executed next is read from the address s L
indicated by the current contents of the T T Example: The relationship
program counter (PC). There are relative jump : gg::’::; :SQACaII
and absolute jump instructions. The concepts | FF0O group
of page or bank boundaries are not used in the : instructions/Interrupt/
program memory concerning any jump < 4 Reset
instruction. CALLP 7BH ; PC«FF7By
Example The relationship between the | gear
jump instructions and the PC. FFCO | callvector(L) |56 CALLV OH ; PCeF856y
@ 5-bit PC-relative jump [JRS cc, $+2 +d] FFC1 call vector (H) | F8
FBC4H: JRS T, $+2+08H FFC2
When JF =1, the jump is made to F8CER, ;
which is 084 added to the contents of the FFSF
< e e s o 0 | 1 e . v
. ! FFE1 finterrupt vector (H)| F3
therefore, in this case, the PC contents FEE2 .
are F8C4 + 2 = F8CHH.) ;
@ Boprcrliveump IR <0 $r2vdl | e [reevenor@ |3 meser ;s ross
) " . FFFF reset vector (H) | FO
When ZF = 1, the jump is made to F846y,
whichtis Fth(?: Ff-t}-,28|;);cadd8d to the Figure 1-2. Program Memory Map
current contents of the PC.
@ 16-bit absolute jump [JIP a]

F8C4H: JP OF235H
An unconditional jump is made to
address F2354. The absolute jump
instruction can jump anywhere within
the entire 64K-bytes space.
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TOSHIBA UNDER DEVELOPMENT TMP87C408

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

Example 1 : Loadsthe ROM contents at the address specified by the HL register pair contents
into the accumulator (87C408 : HL = FO00y)
LD A, (HL) ;. AeROM (HL)

Example 2 : Converts BCD to 7-segment code (common anode LED). When A =05y, 92 is
output to port P1 after executing the following program.

]
ADD A, TABLE-5-4 ; P1«ROM (TABLE + A} fgmgb
LD (P1), (PC+A) &
JRS T, SNEXT ; Jump to SNEXT e%;h
TABLE: 08 0COH, OF9H, QA4H, 0BOH, 99H, 92H, 82H, OD8H, 80H, 98H o}
SNEXT : S ——
Notes: "$7isa header address of ADD instruction. DB is a byte data definition instruction. SHLC A
Example 3 : N-way multiple jump in accordance with the contents of — P (PCrA)
accumulator (0 S A S 3), ‘ I 384 .
SHLC A , if A=00y then PCeF234y ;g
P (PC+A) if A=01y then PCeF378, [ 7777 F3 ]
if A=02y then PC—FA37y  L___..._ 37 ]
if A=03y then PCeF1BOy ;g
DW 0F234H, OF378H, OFA37H, OF1BOH 177777 A
Notes: DWisa word data definition instruction. Word =2 bytes. T ~—

1.3 Program Counter (PC)

The program counter (PC) is a 16-bit register which indicates the program memory address where the
instruction to be executed next is stored. After reset, the reset vector stored in the vector tabie
(addresses FFFF and FFFEy) is loaded into the PC; therefore, program execution is possible from any
desired address. For example, when FO and 3Ey are stored at addresses FFFF and FFFEw, respectively, the
execution starts from address FO3Ey after reset.

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

MsB Lsa
p a a+1 a+2 x a+3
1514131211109 8 7 6 5 4 3 2 1 0 rogram Counter :X ) & A J‘:

Program Counter (PC)

PC PC, Instruction Execution x a-2 X a-1 X a x a+i

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

Figure 1-3. Program Counter

© HR 9097249 0049342 483 A
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TOSHIBA UNDER DEVELOPMENT TMP87C408

1.4 Data Memory (RAM)
The 87C408 has 256 bytes (addresses 0040 to 013Fy) of data memory (static RAM). Figure 1.4 shows the
data memory map.
Addresses 0000 to 00FFy are used as a direct addressing area to enhance instructions which utilize this
addressing mode; therefore, addresses 0040 to 00FFy in the data memory can also be used for user flags
or user counters.

Example 7 . If bit 2 at data memory address 00COy is “1”, 004 is written to data memory a*
address 00E3y; otherwise, FFy is written to the data memory at address 00E34.
TEST (Q0COH).2 ; if (00COR); = 0thenjump
JRS T,5ZERO
CLR (00E3H) : {00E3p)e~00y
JRS T,SNEXT
SZERO ; LD {OGE3H), OFFH ; (Q0E3n)eFFy
SNEXT :
Example 2 : Increments the contents of data memory at address 00F5y, and clears to 00 when
10y is exceeded.
INC (QOFSH)
AND (00F5H), OFH

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

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

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

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

Example 1 : Clears RAM to 0 exceptthe bank 0

LD HL, 0048H ; Setsstart address to HL register pair
LD A, H ; Setsinitialdata(A)
LD BC, OOF7H ; Sets number of byte to BC register pair
SRAMCLR : LD (HL+), A
DEC BC
JRS F, SRAMCLR
Note : "$~ is a header address of ADD instruction. The general-purpose registers are mapped in the RAM;

therefore, do not clear RAM at the current bank addresses. Clears RAM to 0 except the bank 0.

IR 3097249 0049343 31T W




TOSHIBA UNDER DEVELOPMENT TMP87C408
Address 0 ' 2 3 4 5 6 7 8 9 A B C D E F
0040 Register bank 0 Register bank 1 )
wso | Reglsterbankﬁz ............................. Reglstert;ank3 ................
wso | ﬁeglg{eréan-k‘.4 ............................. Reg];te.rs.ank:s ................
I Regtster b yoiy ﬁs ............................. Regxster Bank7 ................
o | Regl ster ba - k8 ............................. Regtster Bank g |
S S SO U OO SO SUUROD A R SEUYE SO S-SR SO Direct addressing area
0090 Begiger t:>ank: 10 é}egn}ter t?ank: 1"
o *Reglsterbanklz ............................ Reg:stergankw ..............
wso | .Reg|;tert;ank..‘4 ............................ éeglgteraank‘1s ..............
00C0 : :
OODO .............................................................................................
ST O U O O O O O
00F0
0100
0110
0120
0130
0140

Figure 1-4. Data Memory Map
1.5 General-purpose Register Banks
General-purpose registers are mapped into addresses 0040 to 00BFy in the data memory. There are 16

register banks, and each bank contains eight 8-bit registers W, A, B, C, D, E, H, and L. Figure 1.5 shows
the general-purpose register bank configuration. The unused register banks can be used as a data

memory.
: |
I bank 15 (0088 to 00BFy)
Example : bank 0
[ [ — bank 14 (0080 to 0087,,) wp -
I bank 13 (00A8 to 00AF) :
bank 12 (00AD to 00A7,) .(.‘?.‘?g.‘.h?.g.‘.‘?ﬁ'.‘é‘.‘?ﬁ?.
0043, (0042,
— bank 4 {0060 to 0067}) o : €
D E L bank 3 (0058 to 005F) .‘.99.‘}?4.-'!!!?.;.‘.‘.’9{5&!?.
--------------------------- — bank 2 (0050 to 0057y)
H L - bank1 (0048 to 004Fy) (0047,,) : (00464)
‘ bank 0 (0040 to 0047)
(a) Configuration (b) Address assignments of registers

Figure 1-5. General-purpose Register Banks

B 9097249 0049344 256 WA
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TOSHIBA UNDER DEVELOPMENT TMP87C408

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

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

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

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

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

Exampile1: @ 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.

S L0 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+) . Loads the memory contents at the address specified by HLinto A.
Then increments HL. .

® LD A (-HL) . Decrement HL. Then loads the memory contents at the address

specified by new HL into A,

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

Example 2 : Block transfer

LD B, n ;. Setsnumber of bytes to transfer - 1
LD HL, DSTA ; Sets destination address
LD DE, SRCA ; Setssource address
SLOOQP : LD (HL), (OE) ; (HL) «(DE)
INC HL ; HLeHL+ !
INC DE ; DEe—DE+1
DEC B ; Be=B-1
JRS F, SLOOP ; if B&0 thenloop

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

Example 1 : Repeatprocessing
LD 8, n ; Sets n as the number of repetitions
SREPEAT: : processing
R e
JRS F, SREPEAT

Example 2 : Division (16-bit + 8-bit)
DIV WA, C ;. Divides the WA contents by the C contents, places the

- quq?aqq Uuqqaqs 1‘:]2 - quotientinAandtheremainderinw.




TOSHIBA UNDER DEVELOPMENT TMP87C408

The general-purpose banks are selected by the 4-bit register bank selector (RBS). During reset, the R8BS 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
Example2 : Reading the R8S
LD A, (003FH) : A «RBS (The flagsaresimultaneously read in thisinstruction.)

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

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

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

RETI ; Maskable interrupt return (Bank automatic restoring)

1.6 Program Status Word (PSW)
The program status word (PSW) consists of a register bank selector (RBS) and flags, and the PSW is
assigned to address 003Fy in the SFR.
The RBS can be read and written using the memory access instruction, however the flags can only be
read. When writing to the PSW, the change specified by the instruction is made without writing data to
the flags. For example, when the instruction [LD (003FH), 05H] is executed, “5” is written to the RBS and
the JFissetto “1”, but the other flags are not affected.
During interrupt, PSW is saved to the stack with the program counter. The PSW is restored from the stack
by executing return instructions [RETI}/[RETN].
[PUSH PSW] and [POP PSW] are the PSW access instructions.

1.6.1 Register Bank Selector (RBS) 2 6 5 4 3 2 1 0

The register bank selector (RBS) is a 4-bit register used to select e —
general-purpose register banks. For example, when RBS=2, | JF i ZF | CF | HF R8BS
bank 2 is currently selected. During reset, the RBS isinitialized to — —

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

Configuration

Hl 9097249 004934bL 029 W




TOSHIBA UNDER DEVELOPMENT TMP87C408

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

(1) Zero flag (ZF)
The ZF isset 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 bitmanipulation instructions, the ZF is cleared to “0” if the contents of the specified bit s
“1". This flag is set to “1” when the upper 8 bits of the product are 00y during the muitiplication
instruction, and when 00y for the remainder during the division instruction; otherwise it is cleared
to “0".

(2) Carry flag (CF)
The CFissetto “1” when a carry occurred during addition or a borrow occurred during subtraction;
otherwise the CF is cleared to “0”. During division, this flag is set to “1” when the divisor is 004
(divided by zero error), or when the quotient is 100y or higher (quotiont-overflow error). The CF is
also affected during the shift/rotate instructions. The data shifted out from a register is set to the CF.
This flag is also a 1-bit register (a booiean accumulator) for the bit manipulation instructions.

Set/clear/invert are possible with the CF manipulation instructions.

Example : Bit manipulation (The result of exclusive-OR between bit 5 content of address 074 and
bit 0 content of address 9Ay is written to bit 2 of address 014.)

LD CF, (0007H) .5 ; (00014); « {0007 )5 v (009AL)0
XOR CF, (008AH). 0
LD (0001H). 2, CF

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

Example : BCD operation
(The A becomes 47 after executing the following program when A = 19y, B =284.)
ADD A B . Aedly HFe«1,CF=0
DAA A ;. Ae41y + 064 = 47y (decimal-adjust)

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

condition code).

Example : Jump status flag and conditional jump instruction

INC A .
JRS T, SLABLE1 ; Jump when a carry is caused by the immediately
: preceding operation instruction.
LD A, (HL)
JRS T, SLABLE2 ; JFissetto "1 by the immediately preceding
: instruction, making it an unconditional jump
instruction.

H 9097249 D049347 ThLS A
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Example :The accumulator and flags becomes as shown below after executing the following instructions
when the WA register pair, the HL register pair, the data memory at address 00C54, the carry flag
and the half carry flag contents being “219AH", “00C54", “D74", “17, and “07, respectively.

)ccumulator] i jAccumulator ;
Instruction after Flag.af‘ter .execu.tlon Instruction afrer Flag'after .execu‘tlon
execution | JF : ZF i CF ! HF execution | JF  ZF ! CF : HF

ADDC A, (HL) 72 N R INC A 98 0io i1 io
SUBB A, (HL) c2 1o 10 ROLC A 35 1ol o
CMP A, (HL) 9A oo 1o RORC A ) 0i0i0¢io0
AND A, (HL) 92 0 :0:1:0 ADD WA, OF508H 16A2 101100
LD A, (KL D7 10 110 MUL W, A 13DA 0 10 1o
ADD A, 66H 00 A R T SET  AS BA P i1 iy io

1.7 Stack, Stack Pointer

1.7.1 Stack .
The stack provides the area in which the return address or status, etc. are saved before a jump is
performed to the processing routine during the execution of a subroutine call instruction or the
acceptance of an interrupt.
On a subroutine call instruction [CALL a] / [CALLP a] / [CALLVn], the return address is saved (the upper
byte is pushed first, followed by the lower byte). During software interrupt instruction [SWI] execution
orinterrupt, the program status word is saved, then the return address is saved. ‘
When returning from the processing routine, executing a subroutine return instruction [RET] restores the
contents to the PC from the stack; executing an interrupt return instruction [RET!] / [RETN] restores the
contents to the PC and the PSW.
The stack can be located anywhere within the data memory.

1.7.2 Stack Pointer (SP)

The stack pointer (SP) is a 16-bit register to point out the first
start address on the stack. The SP is post-decrement when a
subroutine call or a push instruction is executed, or when an
interrupt is accepted; and the SPC is pre-incremented when a
return or a pop instruction is executed. The stack deepens to
the direction of the lower address. Figure 1.8 shows the change
of the stack access and the SP.

The 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 L58
15 14 13 121110 9 8 7 6 5 4 3 2 1 0

Stack Pointer (SP)

Figure 1-7. Stack Pointer

Example 1:Toinitialize the SP

LD SP, 013FH ;. SPe«013Fy
Example 2 : TO read the SP
LD HL, SP ; HLeSP

B 9097249 0049348 9T, N
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At acceptance
of interrupt
At execution of or At execution of
a CALU/CALLV/CALLP at execution of At execution of a RETI/RETN
instruction a SWlinstruction a RET instruction instruction
013C 013C
013D | 013D
013E Q132
F
013 013F | PGy — 0040y
: stack
; depth
SP before :
o a: orse |0
5P after 013D 013C :
execution
(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 Gear Control register

Clock TBTCR | CGCR

E """""" generator 0036y l [ = ~—1 0030y
XIN ! ; :
: f(

U

__{ ! 1 :
L Ld High-frequency : Timing

a Lo ) : Stand-by controller
__{ I D : clock oscillator : generator —
4 - :<_

System clocks

0038y 0039 Y
SYSCR1 | |  SYSCR2
Clock generator control System control registers

Figure 1-9. System Clock Controller
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1.8.1 Clock Generator
The clock generator generates the basic clock which provides the system clocks supplied to the CPU core
and peripheral hardware.
The high-frequency (fc) clocks can be easily obtained by connecting a resonator between the XIN/XOUT
pins. Clock input from an external oscillator is also possible.

ittt High-frequency clock ==——===-====-= b
: i
' XIN XOouT XIN XOUT i
| C] F] O
1 1
i {open) |
] ]
: L] :
X :
1 t
1 '
1 Hl
| /-; ; X
1 1
1 I
. (a) Crystal/Ceramic (b} External oscitiator |
i resonator J:
l oy o = . W = - - e 4B W B W N e W M e .

Figure 1-10. Example of Resonator Connection

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

1.8.2 Clock Gear
A clock generates the basic high-frequency clock which provides the system clocks supplied to the CPU
core. The clock gear selects the high-frquency clock from fc, f¢/2, fo/d and fu8. Power consumption can
be redued by switching of the high-frequency from fc to f/2, fo/d and fu8. The clock gear consists of a
divided-by-8 prescaler with a mutiplexer.

prescaler
High frequen<y> 11213
clock
fu/8 .
fga i ————fcs—cl(» Timing generator
>~ MPX
fc/2
fc
D 000304
CGCR
Clock gear control register Note : MPX; Multiplexer

Figure 1-11. Configuration of Clock Gear

B 9097249 0049350 557 M

1)



TOSHIBA

UNDER DEVELOPMENT TMP87C408

CGCR
(000304}

[

[  RGK | (nitial value : 000+ 1000)

FCGCK

Gear clock selection (write) Ox»~ :reserved

/ gear clock monitor (read) 1000 : fc
1001 : fo/2

1010 : fua
1011 : fu8
1100 : reserved
1101 : reserved
111 :reserved

Note :

fc ; high-frequency clock
*; don'tcare
Alwaysset bit7to 5to 0"

Figure 1-12. Clock gear control register

1.8.3 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
® Generation of internal serial clock of serial interface

@ 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-2 prescaler. During reset and at

releasing STOP mode, the divider is cleared to “0”, however; the prescaler is not cleared.

M 9097249 0049351 49b- 1N
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clock

Timer/
Counters

Serial
interfaces

High-frequency

Prescaler

CLOCK Gear

fegek

Divider

1
e

Y2

fc/4123

T
516

fc/28

»| Machine cycle counters

Divider

89 Nojri1213

15}17 18 19%0 21

Reset circuit

Stand-by

controiler

Watchdog
> | Timer

Timer Base

Timer

Divider

output circuit

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

execution.

Figure 1-11. Configuration of Timing Generator

A machine cycie consists of 4 states (S0 to $3), and each state consists of one main system clock. .

Main System Clock _i l

v/ fegek [s]

iy

r

M rirrerere

]
]
state | so | st | sz | 3 so | [ s2 | s3 |
]
E*——-—-——Machine cycle————-—>:,
Figure 1-12. Machine Cycle
Table 1-3. Machine Cycle Example
Frequency Machine cycle
fegek = fc fegek = fu2 fegek = fud fegek = fu8
fc=8 MHz 0.5 .8 15 2.5 448
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1.8.4 Stand-by Controlier

The stand-by controller starts and stops the oscillation circuits. These modes are controlled by the system
control registers (SYSCR1, SYSCR2). Figure 1.13 shows the operating mode transition diagram and Figure
1.14 shows the system control registers.

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

D

2

NORMAL mode

in this mode, both the CPU core and on-chip peripherals operate. The TMP87C408 is placed
in this mode after reset.

IDLE mode

In this mode, the CPU and the watchdog timer are halted; however, on-chip peripherals
remain active. IDLE mode is started by the system control register 2, and IDLE mode is
released to NORMAL mode by an interrupt request from on-chip peripherals or external
interrupt inputs. When IMF (interrupt master enable flag) is “1" (interrupt enable), the
execution will resume upon acceptance of the interrupt, and the operation will return to
normal after the interrupt service is completed. When IMF is “0" (interrupt disable), the
execution will resume with the instruction which follows IDLE mode start instruction.

STOP mode

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

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

RESET1
reset release
instruction L instruction
IDLE mode NORMAL STOP mode
mode
interrupt release input
Single Clock Made Transition Diagram
Operating Oscillation Peripheral Machine cycle
CPU core L .
mode circuit circuit time
RESET1 reset reset
turning on
NORMAL oscillation operate - 4/ fegek [s]
operate
IDLE
Turning off halt
u —
STOP oscillation halt

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

SYSCR1 7 6 s 4 3 2 .1 .......... O .....
{0038,) [stor [rem | o Jouren]  wur | L (Initial value : 0000 0O=+)
0 : CPU core and peripherals remain active
STOP STOP mode start .
1 : CPU core and peripherals are halted
REM Reiease method for STOP 0 : STOP pininputrising edge release
o mode 1 : STOP pininput "H” level release
OUTEN Port output control during 0 : High-impedance
‘ STOP mode 1 : Remain unchanged
00: 3Ix2'"/fc
Warming-up time at 01 : 216 §¢
WUT . R N
releasing STOP mode 10: 3x2"/fc
11 2"/ fc

Note 1: Alwayssetbit5to "0”.

Note 2 : When STOP mode starts with specifying OUTEN = “07, the internal input is fixed to “0~. Thus the

rising edge interrupt may be set.

Note 3 : Bits 1, 0in SYSCR1 is read in as undefined value when a read instruction is executed.
Noted: fc ; «cock [Hz]
* ; don't care

’

System Controi Register 2

1
SYSCR2 7 6 5 4 u~-3o..--2..---2‘....; .......... ;.-...0....-; . .
toossy Lxew ] o [ o Jwe] ~—f f i...f  (nitialvalue: 1000 ssee)
XEN High-frequency oscillator 0 : Turn off oscillation
control 1 : Turn on oscillation
0 :CPU,WDT operate
IDLE IDLE mode start '
made sta 1 : CPU, WDT halt (IDLE mode start)

Note 1:  Aresetisapplied if XEN is cleared to “0
Note2: Alwayssetbit6,5to “0".

Note3: WOT, Watchdog timer, *; dan'tcare

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

Figure 1-14. System Control Registers 1,2 .
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1.8.5 Operating Mode Control
(1) STOP mode (STOP)
STOP mode is controlled by the system control register 1 and the STOP pin input. The STOP pin is also
used both as a port P76 and an INT5 (external interrupt input S) pin. The STOP mode is started by
setting STOP (bit 7 in SYSCR1) to “1”. During STOP mode, the following status is maintained.

@ High-frequency oscillations are turned off, and all internal operations are halted.

2 The data memory, registers (except for DBR), PSW, and oort output latches are all held in
the status in effect before STOP mode was entered. The port output can select either
output hold or high-impedance by setting QUTEN (bit4in SYSCR1).

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

@ The program counter holds the address of the instruction after the following instruction
which started the STOP mode. [for example, SET (SYSCR1))

STOP mode includes a leve!l sensitive release mode and an edge-sensitive reiease 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 reieased 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 wiil immediately start the release sequence (WARM-up). Thus,
to confirm that the STOP pin inputis low. The following method can be used for confirmation:
Using an external interrupt input INT5 (INT5 is a falling edge-sensitive input).

Example : Starting STOP mode with an INT5S interrupt.

PINTS : TEST (P7).6 ; Toreject noise, the STOP mode does not start if
JRS F, SINTS port P76 is at high.
LD (SYSCR1), 010000008 ; Setsup the level-sensitive release mode.
SET (SYSCR1).7 ; Starts STOP mode
LDW (1), 11100111010101118  ; L7, 5, 3 « 0 (clearsinterrupt latches)
SINTS : RET!
;
e . v
STOP pin \ 7[ H \
p ' 4 .
. ' !
{( ]
7
XOUT pin ;
[}
1 ] ]
NORMAL 3 STOPmode ————sre~ Warm-up —»te—— NORMAL operation
operation E
Confirm by program that STOP mode is release by the hardware.
chSTOP p{f(‘)':p‘::‘;’ low Always released if the STOP
and start S mode. pininputis high.

Figure 1-15. Level Mode

Note 1 After warm-up start, even if STOP pin input is low again, STOP mode does not restart.
Note2: When changing to the level-sensitive release mode from the edge-sensitive release mode, the release mode
is not switched until a rising edge of the STOP pin input is detected.

M 9097249 0049355 031 A
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b. Edge mode (RELM = "0")
In this mode, STOP mode is released by a rising edge of the STOP pin input. This is used in
applications where a relatively short program is repeatedly executed at periodic intervais. 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

Lo (SYSCR1), 000000008 : OUTEN &0 (specifies high-impedance}
D! i IMF&0
SET (SYSCR1). STOP ; STOP « 1 (activates STOP mode)
LDW (IL), 11100111010101118 ; L7, 5, 3«0 (clears interrupt latches)
El ; IMFe1
. ) {5
rop 1\ Y\ \
STOP pin ! — ! §4
| e | 7l
XOUT pin ' $
1
U

X | NORMAL !
NORMAL __,le — STOPmode —sre Warm-up = ¢ uion >0« STOP mode —

/

STOP mode is released by the hardware at therising
edge of STOP pininput.

Figure 1-16. Edge-sensitive Mode

operation /
STOP mode started
by the program.

STOP mode is released by the following sequence:

@ The oscillator is turned on.

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

@ When the warming-up time has elapsed, normal operation resumes with the instruction
following the STOP mode start instruction. The start is made after the divider of the timing
generatoris cleared to “0”.

Return to NORMAL mode
wWuT Atfc=4.194304 MHz atfc=8 MHz
3x2"%/fc 5] 46.87 [ms) 24.57 [ms)
2%/ 4¢ 15.62 8.19
3x2"/fc 11.73 6.1S
2"/ 1c 391 2.05

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.

B 9097249 DO49356 T76 I
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(2)

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 levei of
the RESET pin drops below the non-inverting high-level input voltage (hysteresis

input).

IDLE mode (IDELY)
IDLE mode is controlled by the system control
register 2 (SYSCR2) and maskable interrupts. The
following status is maintained during IDLE mode.

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

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

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

Example : Starting IDLE mode.

SET (SYSCR2) .4

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

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

a. Normal release mode (IMF = “0")

IDLE mode is released by any interrupt source
enabled by the individual interrupt enable flag
(EF) or an external interrupt 0 (INTO) request.
Execution resumes with the instruction
following the IDLE mode start instruction. The
interrupt latches (IL} of the interrupt source
used for release is required to be cleared to "0”
by load instruction.

. Interrupt release mode (IMF=“1")

operation.

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

started.

Y

Starting IDLE mode
by instruction

CPU, WDT are halted

interrupt request
Normal

release mode

No

Interrupt processing

——]

Execution of the
instruction which follows
the IDLE mode start
instruction

<

Reset

Yes (interrupt release mode)

Figure 1-18. IDLE Mode
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IDLE mode is released and interrupt processing is started by any interrupt source enabled with
the individual interrupt enable flag (EF) or an external interrupt 0 (INTO) request. After the
interrupt is processed, the execution resumes from the instruction following the instruction
which started IDLE mode.
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1.9

Interrupt Controller

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

interrupt latches (IL) that hold the interrupt requests are provided for interrupt sources. Each interrupt
vector is independent. The interrupt latch is set to “1” when an interrupt request is generated and
requests the CPU to accept the interrupt. The acceptance of maskable interrupts can be selectively
enabied and disabied by the program using the interrupt master enable flag (IMF) and the individua!
interrupt enable flags (EF). When two or more interrupts are generated simultaneously, the interrupt is
accepted in the highest priority order as determined by the hardware. Figure 1.20 shows the interrupt

controller.

Interrupt NMector Table

interrupt Source Enable Condition Latch Address Priority
Internal ! | (Reset) Non-Maskable - FFFE4 | High 0
internal | INTSW  (Software interrupt) Pseudo non- —_— FFFCH 1
Internal | INTWDT (Watchdog timer interrupt) maskable ILz FFFAYL 2
External |INTO  (External interrupt0) IMF=1,INTOEN=1 | I3 FFF8y, 3
Internal | INTTC! (16-bittimer/counter 1 interrupt) |IMF-EFs=1 ILa FFFby 4
External | INTI (External interrupt 1) IMF-EFg=1 ILg FFFay S
Internal [INTTBT  (Time base timer interrupt) IMF - EFg=1 ILg FFF2u 6
External |INT2 (External interrupt 2) IMF-EF7=1 ILy FFFON 7

RESERVED
INTSIO  (Serial interface interrupt) IMF - Efg=1 iLg FFECH 8

RESERVED

RESERVED

RESERVED

RESERVED
internal | INTTC2 (16-bit timer/ counter 2 interrupt) IMF - EFj4=1 IL1a FFE2y4 9
External |[INTS (External interrupt 5) IMF - EF15=1 Ly FFEOy Low 10

Table 1-2. Interrupt Sources
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(1) Interrupt Latches (IL15to IL3)

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

The interrupt latches are assigned to addresses 003C and 003DH in the SFR. Each latch can be cleared
to "0” individually by an instruction; however, the read-modify-write instruction such as bit
manipulation or operation instructions cannot be used (Do not clear IL2 for a watchdog timer
interrupt to “0"). Thus, interrupt requests can be canceled and initialized by the program. Note that
interrupt latches cannot be directly set to “1” by any instruction. The contents of interrupt latches
can be read out by an instruction. Therefore, testing interrupt requests by software is possible.

Example 1 : Clearsinterruptiatches

LDW (IL), 1100000000111111B;IL13to iLge0
Example 2 : Readsinterruptlatches

LD WA, (IL) T Welly, Al
Exampie 3 : Testsan interruptlatch

TEST (1L).7 ;L7 =1thenjump

IR F,SSET

B 9097249 004931 335 M




W 9097249 00493be 271 M

UNDER DEVELOPMENT TMP87C408

TOSHIBA

-1, 0V dNI

$335 Y21y UoNINASY|

vondnNsu 3} >

‘ueydane

1dn1131U1 103G 128 SEM JN)
uaym Auo vondnNsul (N1 3Y) >

ESILVEEST L ITESUTE T E 31141
Bunp uondnisuy {1134}

Bey ajqeua sasewrdnuraiul | g

ayuerdarnre
dnuayy

isanbas
Jpow 31Q1 ased |y

1sanbasydnisajul

$531ppe 3|Ge] J01IIA

N

uwiesbeiq ypo|g J2jjonuod 1dnusiuy "gg-1 ainbiy

13s3J jeuiay

s

«— 1

sanbas
sydnsiajuy
ajqeyseN

1sanbai sidnnidiv) ajqeysew-voN

C—ar l.

Lojesauab

ssasppe
aqe)

J01I3A

N7

3

12pOdUd
ISULITP]

v
—————< 0. 01 dWI $1€3] PIYM UORINANSTUY| .
L& liEMeTIe or
y st :
oISl 1q) F 843 1_ (

eep UM 005y

[}

15163

1023U0) TGN AU |eUIIINI

_ YJINI3 _

2

Sint

<TILINI

e e

< OISINI

“

—

$3ITUNI

N2 Palas ssiou jebig ‘uondajas abpjy

AID:z_

SILANS DN{LNI
——————

181N

“r M Pafar asiou je1biq 'vondajas abpy TAID LINI

D0 999 R q R0

N3O0LNI

:

A}

~CLDLINI

O0l1NI

N
7
o Y mm
=@ s
AN
Ed
ou? AMLH
(] s
>
oty ¥ mt“.
(1 54
>
ot Y @
(] 54
LY
7
ot Y mmi_m
—(} 5
Y
Vd
ooy @
—( s
AN
7
osu QL“
]} 5¢
>
bl @
—(} 54
>
oY ﬁwl_l’x
TO $¢
>
oY
-} 54
>
] osu Y
(K s
N
7
TDI O " K Amu
S
N
oty @
54
>
b
3
£ C TR}

< 1OMINI

CMSINI




TOSHIBA UNDER DEVELOPMENT TMP87C408

(2) Interrupt Enable Register (EIR)
The interrupt registers (EIR) enable and disable the acceptance of interrupts except for the pseudo
non-maskable interrupts (software and watchdog timer interrupts). Pseudo non-maskable
interrupts are accepted regardless of the contents of the EIR; however, the pseudo non-maskable
interrupts cannot be nested more than once at the same time.
The EIR consists of an interrupt master enable flag (IMF) and individual interrupt enabie flags (EF).
These registers are assigned to addresses 003An and 00384 in the SFR, and can be read and written
by an instruction (inciuding read-modify-write instructions such as bit manipulation instructions).

@ Interrupt Master Enable Flag (IMF)
The interrupt master enable flag (IMF) enables and disables the acceptance of all interrupts.
Clearing this flag to “0” disables the acceptance of all maskable interrupts. Setting to “1”
enables the acceptance of interrupts.
When an interrupt is accepted, this flag is cleared to “0” to temporarily disable the
acceptance of maskable interrupts. After execution of the interrupt service program, this
flag is set to “1"” by the maskable interrupt return instruction [RETI] to again enable the
acceptance of interrupts. If an interrupt request has aiready 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 003AH 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 IMF is
initialized to “0” during reset.

@ Individual Interrupt Enable Flags (EFys to EFg)
These flags enable and disable the acceptance of individual maskable interrupts, except for
an external interrupt 0. Setting the corresponding bit of an individual interrupt enable flag
to “1” enabies acceptance of an interrupt, setting the bit to “0” disables acceptance.

Example 1:  Sets EF forindividual interrupt enabie, and sets IMFto "1"
LDW (EIR), 11000000101000018 ; EFys, EF14, EFy, EF5, IMFe&1
Example2: Sets an individual interrupt enable flag to “1*

SET (EIRH).1 ; EFge1
InterruptllLatch 15 14 13 12 11 10 9 8 7 6 5 4 3 21 o
(003C, 003Dyy) ]\“-15 Pllyg i 0 P 0 P 0 : 0 ilg: 0 jL\lLy Pllg PMs e Pl Plp | i /
il (003Cy)

1Ly (0063Dy)
H " © (Initial value: 00000000 000000« *)

Interrupt enable register

EIR : 2 N B H . . : : i
(003A. 0038,.) [f;,s;sm; 0 i 0 : 0 : 0 iEF: O /1\557 | EFg : EFs :

ElRy (00384}

EIR, (003AR)
(Initial value : 00000000 0000==<0)

Note 1 : Do not use any read-modify-write instruction such as bit manipuiation for clearing IL.
Note2: Donotclearthell2 by aninstruction. )
Note 3: Do notsetIMF to 17 during non-maskable interrupt service programs.

Figure 1-21. Interrupt Latch (IL) and Interrupt Enable Register (EIR)
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1.9.1 Interrupt Sequence

An interrupt request is heid until the interrupt is accepted or the interrupt latch is cleared to “0” by a
reset or an instruction. interrupt acceptance sequence requires 8 machine cycles after the completion of
the current instruction execution. The interrupt service task terminates upon execution of an interrupt
return instruction [RETI] (for maskable interrupts or [RETN](pseudo non-maskable interrupts). Figure
1.24 shows the timing chart of interrupt acceptance and interrupt return instruction.
(1) Interruptacceptance
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 0 "0

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

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

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

late

PC

sP

interrupt

'
t
signal ' ¥
i ,
1 1
Interrupt | I \ /(|

interrupt service task

1 machine cycle

j

e A S T T T O e A Y Y I A Y NN SO O B
! !
i t
' E
1
:
1
1
|
1

Pl

h

'
'
IMF , I f1
i H
]
. . . I
Instruction ] n
execonon’ X eveeotien x interrupt acceptance HIAABI) RETI instruction execution

P CHED G 9@( o ﬁc

Note1: a;returnaddress b;entryaddress  ¢; address when the RETlinstruction is stored
Note2: The maximum response time from when an IL is set until an interrupt dcceptance processing starts is

38/fcgek(s). It equals to setting the IL on the first machine cycle in 10 cycies instruction execution.

Figure 1-22. Timing Chart of Interrupt Acceptance and Interrupt Return Instruction

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

Vector table address Entry address .

F2034
F204y
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A maskable interrupt is not accepted until the IMFis set to *1* even if a maskable interrupt of higher
priority than that of the current interrupt interrupt being serviced. When nested interrupt service is
necessary, the IMF is set to “17 in the interrupt service program. In this case, acceptable interrupt
sources are selectively enabled by the individual interrupt enable flags. However, an acceptance of
external interrupt 0 cannot be disabled by the EF, therefore, if disablement is necessary, either the
external interrupt function must be disabled with the external interrupt control register (INTOEN) or
interrupt processing must be avoided by the program. (When INTOEN =0, the interrupt latch IL3 is
notset, therefore, the falling edge of the INTO pin input cannot be detected.)

Exampie 1 : Disables an external interrupt 0 using INTOEN:
CLR {EINTCR). INTOEN ;INTOEN&DO
Example2 : Disablesthe processing of external interrupt 0 under the software control (using bit 0
at address G0FOH as the interrupt processing disable switch):
PINTO : TEST (OOFQH).0 ; Returnswithoutinterrupt processing if (00FOR)o = 1.
JRS T, SINTO
rRewRry o
SINTO: iInterrupt processing,
RETI
VINTO : bDw PINTO

(2)

General-purpose register save / restore
During interrupt acceptance processing, the program counter and the program status word are
automatically saved on the stack, but not the accumulator and other registers. These registers are
saved by the program if necessary. Also, when nesting multiple interrupt services, it is necessary to
avoid using the same data memory area for saving registers.
The following method is used to save / restore the general-purpose registers:
@ General-purpose register save / restore by register bank changeover:
General-purpose registers can be saved at high-speed by switching to a register bank that is
not in use. Normally, bank 0 is used for the main task and banks 1 to 15 are assigned to
interrupt service tasks. To increase the efficiency of data memory utilization, the same bank
is assigned for interrupt sources which are not nested.
The switched bank is automatically restored by executing an interrupt return instruction
[RETI] or [RETN]. Therefore, itis not necessary for a program to save the RBS.

Exampile : Register Bank Changeover

PINTxx : LD RBS,m ;. Switchesto bank n (1 s at 8 MHz)
: Interrupt processing |
RETI ; Restores bank and Returns

B 9097249 0049365 TA0 I
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@ General-purpose register save / restore using push and pop instructions:
To save only a specific register, and when the same interrupt source occurs more than once,

the general-purpose registers can be saved/restored using push/pop instructions.

Register save using push and pop instructions

Example :
PINTxx : PUSH WA ; Save WA register pair
PUSH ... HU e, ; Save Hlregister pair
..Interrupt processing
POP HL ; Restore HL register pair
POP WA ; Restore WA register pair
RETI ; Return
s e v N Address (example)
SP T b e e 0138H
............................. e - o139
............................. S B PR
............................. . R PO
op w o —» .... o13c
PCL ........ A CL Sy Py
....... — b PCH ‘ o138
LW L PW LI P | O13F

At execution of aninterrupt
return instruction

At execution of a pop
instruction of WA
register

At execution of a push
instruction of WA
register

At acceptance of
aninterrupt

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

Example: Saving/Restoring registers by data memory transfer instructions
PINTxx : LD (GSAVA) A ; Save Aregister

. _Interrupt processing |

LD A, (GSAVA) ; Restore Aregister

RETI ; Return

main task main task
acceptance  interrupt
l of interrupt  service task

acceptance of interrupt
bank m |interrupt service task

x‘;“ \ Switch to bank n by saving
&\“\\§ [Lt: RBS, n] instruction k\\ registers

Restore bank
automatically by
interrupt return
instruction

......................
. m | interrupt return

(a) Saving/Restoring by register bank changeover

restoring
registers
..................... ,
‘ ‘ Interrupt return

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

Figure 1-23. Saving/Restoring General-purpose Registers
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(3) Interruptreturn
The interrupt return instructions perform the following operations.

[RET!] Maskableinterruptreturn

[RETN] Non-maskable interrupt return

@ The contents of the program counter and

the program status word are restored
from the stack.

The stack pointer isincremented 3 times.

The interrupt master enable flag is set to

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

The stack pointeris incremented 3 times.

The interrupt master enable flag is set to

TMP87C408

“1* "1° only when a non-maskable interrupt
is accepted in interrupt enable status.
However, the interrupt master enable flag
remains at "0° when so ciear by an

interrupt service program.

Interrupt requests are sampled during the final cycle of the instruction being executed. Thus, the next

interrupt can be accepted immediately after the interrupt return instruction is executed.

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

1.9.2 Software Interrupt (INTSW)
Executing the [SWI] instruction generates a software interrupt and immediately starts interrupt
processing (INTSW is highest prioritized interrupt). However, if processing of a non-maskable interrupt is
already underway, executing the SWi instruction will not generate a software interrupt but will result in
the same operation as the [NOP] instruction.
Note: Software interrupt generates during non-maskable interrupt processing to use SW! instruction
for software break in a development tool.

Use the [SWI] instruction only for detection of the address error of for debugging.
@ Address Error Detection
FFH 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 (addresses 0040 to 013Fu) or
SFR area (0000 to 003Fy).
Note: The fetch data from addresses, BF80 to BFFFy for 87C408 and 87P808 is not “FFy”,
because the outgoing test ROM is contained.
@ Debugging
Debugging efficiency can be increased by placing the SWI instruction at the software
break point setting address.
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1.9.3 External Interrupts
The 87C408 has four external interrupt inputs. Two of these are equipped with digital noise rejection
circuits(pulse inputs of less than a certain time are eliminated as noise).
Edge selection is also possible with INT1, INT2 pin. The INTO / P10 pin can be configured as either an

external interrupt input pin or an input/output port, and is configured as an input port during reset.
Edge selection, noise rejection control and INTO / P10 pin function selection are performed by the
external interrupt control register.
Source Pin fﬁf“g’,’;?,“g,’n Enable conditions Edge Digital noise rejection circuit
INTO INTO P10 IMF =1, INTOEN =1 falling edge - (hysteresis input)
Pulses of less than 15/f¢ or 63/fc(s)
) are eliminated as noise. Pulses of
INT INT1 P11 IMF - EFg=1 falling edge 48/f¢ or 192/fc(s] or more are
or considered to be signals.
angeage [T T e T
i5e. uises
INT2 INT2 P12/TC1 IMF - EF7 =1 24/{c[s] or more are considered to
be signals.
INTS INTS P76/5TOP |IMF-EFj5=1 falling edge | - (hysteresisinput)
Note 1 : The noise rejection function is also affected to detect the edge of timer/ counter input (TC1 pin).

Note 2 :

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

NTO/INTS input UNTL UNTH > tCYC
ke Note:tyc= 4/fcgek (s] at NORMAL, IDLE mode
UnTL UNTH
Note 3 : If a noiseless signal is input to the external interrupt pin in the NORMAL or IDLE mode, the

Note 4 :

Note 5 :

maximum time from the edge of input signal until the IL is set is as follows:

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

@ INT2 pin 25/c[s]
When INTOEN =0, the interrupt latch IL3 is not set even if the failing edge of INTO pin input is
detected.
When high-impedance is specified for port output in STOP mode, port input is forcnbly fixed to
low level internally. Thus, interrupt latches of external interrupt inputs except P76 (STOP /INTS)
which are also used as ports may be set to “1”. To specify high-impedance for port output in
STOP mode, first disable inteerupt service(lMF:O), activate stop mode. After releasing stop
mode, clear interrupt latches using load instruction, then, enable interrupt service.

Example : Activating stop mode _
LD  (SYSCR1), 010000008 ; OUTEN«O (specifies high-impedance)
Dl ;. IMFe0
SET (SYSCR1), STOP ;. STOP«1 (activates STOP mode)
LOW (L), 11111111010101118 ; IL7,5, 3«0 (clearsinterrupt latches)
El ; IMFe

Table 1-3. External Interrupts
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6 5 4 3 2 1

7
EINTCR gy T wme |7
(0037,

(Initial value : 00+0 000+)

INTINC |INT1 noise reject time select 0 : Pulses of fess than 63/fc [s] are eliminated as noise
1 : Pulses of less than 15/f¢ [s] are eliminated as noise
INTOEN | P10/TNTO pin configuration 0: P10input/output port .
1 : INTO pin (Port P10 should be set to an input mode.)
RAW
INT2 €S 0 : Rising edge
INT2, INT1 edge select .
INT1ES 1: Falling edge
Notel: fc ; High-frequency clock {Hz] * , don't care
Note 2: in order to set/rewrite external interrupt control register(EINTCR), set / rewirte external interrupt

register in the interrupt disable state (IMF=0). Then, enable interrupt acceptance after interrupt
latch cleared.

Note3: In order to change of external interrupt input by rewriting the contents of INT2ES during NORMAL
maode, clear interrupt latches of external interrupt inputs(INT2) after 8 machine cycies from the time
of rewriting.

Noted: In order to change an edge of timer counter input by rewriting the contents of INT2ES during
NORMAL mode, rewrite the contents after timer counter is stopped, that is, interrupt disable state.
Then, clear the external interrupt latch (INT2) after 8 machine cycies from the time of rewriting 1o
change to interrupt enable state. Finally, start timer counter.

Example: When changing TC1 pin inputs edge in external trigger made from rlsmg edge to

falling edge.
LD (TCICR), 010010008 ; TC1S«00Q (stops TC1)

——T__ D! . IMFe0 (disables interrput service)

] LD (EINTCR), 000001008 ; INT2ES«1 {change edge
8 machine .
cycles selection)

NOP
to
NOP
LD (ILL), 011111118 ;  IL7«-0 (clearsinterrupt latch)
El . IMFe~1 (enables interrupt service)
LD (TCICR),01111000B ; TCI1Se11(startsTC1)

Note5:  If changing the contents of INT1ES during NORMAL mode, interruptiatch of external interrupt input
INT1 must be cleared after 14 machine cycles(when INTINC=0) or 50 machine cycles (when
INTINC = 1) from the time of changing.

Figure 1-24. External Interrupt Control Register

1.10 Watchdog Timer (WDT)

The watchdog timer rapidly detects the CPU malfunction such as endless looplng 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 ance after reset.

After reset, the signal is initialised to the reset output.

When the watchdog timer is not being used for maifunction detection, it can be used as a timer to

generate an interrupt at fixed intervals.

B 9097249 00493L9 k2L W
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1.10.1 Watchdog Timer Configuration

reset release
e ——| & Binary Counter T—
fe /23—l ot clock Overflow. ) R
fer29 —| = S WOTH 7 reset output
-1
f/2" =2 | dear | {7 [ O—is_aD>—reser
A >
2 —r—, interruptrequest
A b
) } INTW 27
Internal reset
Q
S R
WOTT WDTEN writing writing WOTOUT
disable code |[clear code b ‘
Controller .
OOBAH OOBSH
WDTCR1 WOTCR2
Watchdog Timer Control Registers

Figure 1-25. Watchdog Timer Configuration

1.10.2 Watchdog Timer Control
Figure 1-26. shows the watchdog timer control registers. The watchdog timer is automatically enabled

after reset.

(1) Malfunction detection methods using the watchdog timer

The CPU malfunction is detected as follows.

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

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

Example : Setsthe watchdog timer detection time to 221/fc[s] and resets the CPU malfunction.
LD (WDTCR2), 4EH ; Clearsthe binary counters
LD (WDTCR1), 00001101B ;: WDTT«10, WDTOUTe1
WithinwoT [ LD (WDTCR2), 4EH ; Clears the binary counters
ithin : . . .
detection % (always clear immediately after changing WDTT)
time :
= LD (WDTCR2), 4EH ; Clears the binary counters
Within WDT :
detection
time :
L LD (WDTCR2), 4EH : Clears the binary counters
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Watchdog Timer Control Register 1

WDTCR1 ervasrens ....§ 5 4 3 2 1 0
034y Lo ieooiooo i [T womr TWRT (nitial value = ++== 1001)
Watchdog timer enable / 0 : Disable (1tisnecessary to write the disabie code to WDTCR2.)
WDTEN .
disable 1 : Enable
00:2%/fc |s]
. Watchdog timer detection | 01 :2%/4¢ write
WO iime 101 24/ f¢ only
|
11:2/4¢
WDTOUT Watchdog timer output 0 : Interrupt request
select 1 : Reset output

Notet:  WDTQOUT cannot besetto “1” by program after clearing WDTOUT to "0".
Note 2 : fc. High-frequency clock{[Hz] = don't care
Note 3 : WDTCR1 is @ write-only register and must not be used with any of read-modify-write instructions.

Watchdog Timer Control Register 2

woTC 7 6 S 4 3 2 1 0
R2 M N N : M M N e *Rer w *
(0035,) : : : : : : : ] (Initial value wwx)
4, : Watchdog timer binafy counter clear
. (clear code) .
. , rit
WODTCR2 Watchdog tl'mer control Bly  : Watchdogtimer disable v lle
code write register . only
(disable code)
Others : Invalid
Note 1: The disable code is invalid uniess written when WOTEN = 0.
l Note 2: «; don'tcare

Figure 1-26. Watchdog Timer Control Registers

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

(3) Watchdog Timer Disable
The watchdog timer is disabled by writing the disable code (B14) to WDTCR2 after clearing WDTEN
(bit 3 in WDTCR1) to “0”. The watchdog timer is not disabled if this procedure is reversed and the
disable code is written to WDTCR2 before WDTEN is cleared to “0“. During disabling the watchdog
timer, the binary counters are cleared to “0”.

Example: Disables watchdog timer
LDW (WDTCR1), 0B101H ; WOTENeO, WDTCR2edisable code

Operating mode Detection time
NORMAL fc=8MHz
2% 7f¢  |s] 4.194s
28/ f¢ 1.048s
21/ fe 262.1ms
2'%9/ f¢ 65.5 ms

Table 1-4. Watchdog Timer Detection Time
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1.10.3 Watchdog Timer Interrupt (INTWDT)
This is a pseudo non-maskable interrupt which can be accepted regardless of the contents of the EIR. If a
watchdog timer interrupt or a software interrupt is already accepted, however, the new watchdog timer
interrupt waits until the previous interrupt processing is completed (the end of the [RETN] instruction
execution).
The stack pointer (SP) should be initialized before using the watchdog timer output as an interrupt
source with WDTOUT.
Exampie: Watchdog timerinterruptsetting up.
LD SP, 013FH ; Sets the 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 low to
reset the internal hardware. The reset output time is 12/fc to 16/fc [s]. The RESET pin is sink open drain
input/output with pull-up resistor.

2"%fc [s) .
2 ‘
cloc g s A N T N A A
Binary counter ! x 2 X:3:X 0 X 1 x 2 r 3 x 0
Overflow :
INTWDT interrupt | ﬂ
_____________________________ ]
WDT reset output T (Hi-2) |("L" output)
writes 4, to WDTCR2

Figure 1-27. Watchdog Timer interrupt/Reset

1.11 Reset Circuit
The 870 Series has four types of reset generation procedures: an external reset input, an address trap
reset, a watchdog timer reset and a system clock reset.
Table 1.7 shows on-chip hardware initialization by reset action.
The internal source reset circuit (watchdog timer reset, address trap reset, and system clock reset) is not
initialized when power is turned on. Thus, output from the RESET pin may go low (maximum 24/fc[s] (3
us at 8 MHz).

Table 1-7. On-chip hardware initialization by reset action

On-chip Hardware Initiai Value On-chip Hardware Initial Value
Prescaler and Divider of Timing
Program counter (PQ) (FFFFy) - (FFFEW) 0
generator
i RBS
Register bank selector { ) 0 Watchdog timer Enable
Jump status flag (JF) 1 .
le fl IMF 0 Refer to I/0 port
Interrupt ma?t.er enable flag (IMF) Output latches of input/outputport | = | P
Interrupt individual enable flags (EF) 0 circuitry
| reai Refer to control
Interrupt iatches {8] 0 Control register registers
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1.11.1  External Reset Input

The RESET pin contains a hysteresis input with an internal pull-up resistor. When the RESET pin is held at
low for at least 3 machine cycles (12/fcgck [s]) with the power supply voltage within the operating
voltage range and oscillation stable, a reset is applied and the internal state is initialized.

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

vDD

RESET [} ‘& Reset input
Watchdog timer
[ ]
nternalsource lAddress trap detectioﬂ

reset output L
L Sink opendrain circuit System clock detection l

Figure 1-29. Reset circuit

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. If the CPU attempts to fetch an instruction from a part of RAM or SFR, an
internal reset will be generated. Then, the RESET pin output will go low. The reset time is 12/fcgck to
16/fcgck [s].

lnstru:'tion P a (reset reiease x instruction at address r
execution : f
- - Address trap is occurred S I R

1

i
RESET output 1 (“L" output) r (Hi-2)1 i

)

X

i

i

! :
i 1
] 1
] 1
! o 16/fcgek [s)

- 12/fegek to 16/fcgek (s) a/fegck to 16/fcgek {s)

(without
Note 1: aisanaddressinon-chip RAM or SFR. wait)
Note 2 : During reset release, reset vector “r” is read out, and an instruction at address r is fetched and

decoded.

Figure 1-30. Address Trap Reset

1.11.3 Watchdog Timer Reset
Refer to Section “1.6 Watchdog Timer”.

1.11.4 System Clock Reset

Clearing XEN to “0" stops a system clock, and causes CPU to deadlock. This can be prevented by
automatically generating a reset signal whenever XEN =0 is detected to continue the oscillation. Then

the RESET pin output goes low . The reset time is 12/fcgck to 16/fcgek [s].
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2. ON-CHIP PERIPHERALS FUNCTIONS

2.1 Special function register (SFR) and Data Buffer Register (DBR)
The TLCS-870 Series uses the memory mapped I/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 0000 to 003Fy, and the DBR to addresses OFF0 to OFF7y. Figure 2-1.
shows the 87C408 SFR, DBR.

Address
00004

01
02
03
04
05
06
07

OFF8

Address

00204
21
22
23
24
25
26
27
28
29
2A
28
2C
2D
2E
2F

Read Write

30
31
32
33

Watchdog timer
control

....SYSCRl (s tem COﬂll‘O‘) eriversenssrassny
syscrz  P*

RBS (Register bank selector)

transmit and receive
data buffer

reserved

-

(b) DataBuffer Registers

Special Function Register

Note 1:
Note 2:
Note 3 :

Note 4:

Note 5:

Do not access reserved areas by the
program.

- ; cannot be accessed.

When defining address 003Fy, with
assembler symbols, use GPSW and
GRBS.

Write-only registers and_interrupt
latches cannot use the read-modify-
write instructions (bit manipulation
instructions such as SET, CLR, etc. and

AND, OR, etc.)
PSW ; Program Status Word

B 5097249 0049374 T93 M
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2.2 /O Ports
The 87C408 has 3 ports, 22 pin input/ output ports.
@ Piport ;8-bitl/Oport (external interrupt input, timer/counter input/output, and divider
output)
@ Péport ;8-bitl/Oport (analoginput)
Q@ P7port  ;6-bitl/Oport (serial interface, external interrupt, timer/counter input / output,
and anaiog reference power supply)
Each output port contains a latch, which holds the output data. All input ports do not have latches, so
the external input data should either be held externally until read or reading should be performed
several times before processing. Figure 2.2 shows input/output timing examples.
External data is read from an /O port in the S1 state of the read cycle during execution of the read
instruction. This timing can not be recognized from outside, so that transient input such as chattering
must be processed by the program. Output data output changes in the 52 state of the write cycle during
execution of the instruction which writes to an /O port.

fetchcycle  fetchcycle  readcycle
hal l t

I

SO S1 S2 S3 SO S1 S2 S3 SO S1 S2 s3

Instruc_tion l Example: LD A, (x) [ .
execution cycle ——— ! L ] ! 1 1 L L L L I

fnput strobe - - n R
Datanput .///////////% W//,_:

(a) InputTiming

fetch cycle fetchcycle  writecycle

SO St 52 S3 SO St S2 S3 SO S1 52 S3

1
1

Instruction [ Example: LD (x), A T
execution cycle ——— i 1 ! L : : 1 1 1 ! 1 ———
Outputlatchpulse .... I I teea
Data output —. ) X ceee .

(b) Output timing
Note : The positions of the read an write cycles may vary, depending on the instruction.

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

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

(1) Instructions that read the output latch contents
@® XCH r, (src) ® LD (pp).b,CF
@ SET/CLR/CPL (src).b ® ADD/ADDC/SUB/SUBB/AND/OR/XOR (src),n
@ SET/CLR/CPL (pp).g @ (src)side of ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), (HL)
@ LD (src).b, CF

(2) Instructions that read the pin input data
Instructions other than the above (1) and (HL) side of ADD/ADDC/SUB/SUBB/AND/QR/XOR (scr), (HL)
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2.2.1 PortP1(P17 to P10)

Port P1is an 8-bit input / output port which can be configured as an input or an output in on-bit unit.
Input / output mode is specified by the port P1 input/output control register (P1CR). During reset, the

P1CRisinitialized to "0”, which configures port P1 as an input. The P1 output fatches are also initialized

to “0”.

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

STOP
OUTEN

P1CRI

data mput

data output ™} 5

ﬂ

INTOEN or an external interrupt input. During reset, pin output latch Pl
. . . control
P10 is configured as an input port. output
control _
z 6 5 4 3 2 1 0 nput (Note) i=7~0
Pl P17 . P16 i P15 i P14 i P13 51?7225 P11t P10
{0001y) ; | TC2 i PPG [DVO: TCi | INT1:INTO | (Initialvalue: 0000 0000)
P1CR 7 6 3 4 3 2 1 0 N
(0008, | ' ; : : : : : | (Initial value : 0000 0000)
P1CR 170 control for port P1 0 : Input mode write
(specified in one-bit unit) 1 : Output mode only
Figure 2-3. Port 1and P1CR
Example : Sets P17, P16 and P14 as output ports, P13 and P11 as input ports, and the others as
function pins. Internal output data is “1” for the P17 and P14 pins, and “0” for the
P16 pin.
LD  (EINTCR), 010000008 INTOEN«1
LD (P1),101111118B ;. P17¢1, P14e1, P16e0

tD (P1CR), 110100008

Note : The portsetto an input mode reads pin input state. When used with input/output modes,
output latch contents of the port set to an input mode may be placed by execution of bit

operate instruction.
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2.2.2 Port P6 (P67 to P60)

Port P6 is an 8-bit general-purpose input/output port which can be configured as an input or an outputin
one-bit unit. Itis also used as an analog input. Input/output mode is specified by port P6 input/output
control register (P6CR) and AINDS (bit 4 in ADCCR). During reset, P6CR is set to “0”, AINDS is set to “1”,
and port P6 is in input mode. During reset, the output latches of port P6 is initialized to "0”. P6CR is
write-only register. When port P6 is not used as analog input, it can be used input / output port.
However output instructions must not be performed to maintain the precision at using A/D converter.
When the input instruction is executed to port P6 during using A/D converter, “0” is read into the pin
that selects analog input, and “1” or 0" isread into the pin that does not select analog input, depending

on the input leve!

of pins.

Analog input

STOP
OUTEN

T

A
\

N
L/

?

_—L——_D

read

Data input

AINDS
SAIN ___,__CD——‘
PECRI )
o~

o
~

V

| 0 Q

3]

Datainput - ' J

Data output

STOP @
OUTEN

P6CRi

"l:l P6i (i=6,7)

Data output D Q y 1~

Output latch

7 6 5 4 3 2 1 0

P6 P67 | P66 | P65 | P64 | P63 . P62 . P61 | P60
(00064) : © AINS  AING | AIN3 { AIN2 | AINT © AINO

(Initiai value 0000 0000)

7 6 5 4 3 2 1 0

{] reiti=0tos)

P6CR - - - - - - -
(000Cy) | i 0 i i i ] (initialvalue 0000 0000)
rite
PECR IYO control for port P6 0 : Inputmode v;nnly
(specified in one-bit unit) 1 : Outputmode

Note : Used analog input pins must be configured as input mode,

Figure 2-4. PortP6 and P6CR
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2.2.3 Port P7 (P77 to P72)
Port P7 is a 6-bit general-purpose input/ output port which can be configured as eitherinput or outputin
one-bit unit. Input / output mode is specified by port 7 input / output control register 1 (P7CR1).
Input/output circuit is specified by port 7 input/ output control register 2 (P7CR2). During reset, P7CR1 is
cleared to “0“, and port P7 is configured as an input mode. The output latches are initialized to "0".

Iy

P7CR1is write-only register.
~J

OUTEN

P7CR1i

Data output 0 Q DP?i(i:ZtoS)
QUTEN

P7CR1i

Datainput ™ J\&\r
P7CR2i

Lx—

Datainput
P7CR2i

BRI

P

Dataoutput—= 0D Q S/5TOP)

Control Input =

. § _
L P
|

STOP j:} VAREF -
QUTEN
P7CR1i
Datainput ~d
P7CR2i —r
Data output =D Q i D P77 (VAREF)

AINDS {>°

p7 7 6 5 4 3 2 1 0

(0007w} | P77 : P76 : P75 : P74 1 P73 i P72 ! :
Vargr STOP/: SO © Sl : SCK : =i -
: INTS : : : : :

(Initial value 0000 00w+)

P7CR} 7 6 5 4 3 2 1 0
(000Dy) | : : : ; IR {Initial value 0000 00=+)
P7CRI 110 control for P7 0 : Input mode write
(specified in one-bit unit) 1 : Output mode only
P7CR2 7 6 5 4 3 2 1 0
©027) [ ¢ g : : I (initial value 1111 11e2)
PTCR2 I/0 control for P7 0 : Open drain input/ output RIW
(specified in one-bit unit) 1 : Tri-state input/ output

Figure 2-5. PortP7 and P7CR
B 9097249 0049378 L39 WA
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Note 1:

Note 2 :
Example :

The port set to an input mode reads pin input state. When used with input/output
modes, output latch contents of the port set to an input mode may be placed by
execution of bit operate instruction.

* D'ontCare

The lower 2-bit of Port P7 is set to an output port and the others are set to an input
port.

LD (P7CR1),OFH . P7CR1«00001111
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2.3 Time Base Timer (TBT)

The time base timer generates time base for
key scanning, dynamic displaying, etc. It
aiso provides a time base timer interrupt
(INTTBT) at regular intervals.

An INTTBT is generated on the first rising
edge of source ciock (the divider output of
the timing generator) after the timer 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. (Refer to figure
2.6(b).)

The interrupt frequency (TBTCK) must be

selected with the time base timer disabled.

Source ciock

|

fc/2%3
fcr 2%
fc/2'8
fes2'4
fe/2%3
fer212
fes2M
fcr2°

Source
ciock

Rising
edge
detector

INTTBT
= interrupt
request

Selector

T

[

3

TATCK TBTEN

TBTCR
Time Base Timer Control Register
(a)

Configuration

. TBTEN : : :
(The interrupt frequency must not be — : g :
ferri lin ! 5 : 5
c!‘.lang.ed at transferring from enabli g.to INTTBT : n ﬂ ﬂ_
disabling state.) Both frequency selection . =
and enabling can be performed Enable Ta7 MtETTUPt period
simultaneously.
y (b) Time Base Timer Interrupt
Figure 2-6. Time Base Timer
7 6 S 4 3 2 1 0
TBTCR iti
(0036,) [(ovom)l {OvQCK) ] 0 ITBTEN[  TBTCK , I (Initial value: Qw=e0 Qwwe)
Time base timer 0 : Disable
TBTEN
BTE enable/disable 1 : Enabie
000 : fc/ 283 [Hz)
001 : fcs2%!
010 : fc/2'® RIW
14
Time base timer interrupt 011: fc/2
TBTCK
frequency select 100 : fc/2'3
101 : fc/ 212
110 : fes2"
11 : fcs2°
Notel : fc; cdock [Hz], * . don’tcare
Note2 : The fourth bitin TBTCR must be to "0". J

Figure 2-7. Time Base Timer Control Register

TBTCK NORMAL, IDLE mode Interrupt frequency (at fc = 8 MHz)

000 fes223 0.95 Hz

001 fcs 22! 3.81

010 fc/2'8 122.07

ot fer2'4 488.28

100 fcr213 976.56

101 fc/ 22 1953.12

110 fes2" 3906.25

111 fcr29 15625

Table 2-1. Time Base Timer Interrupt Frequency

- mm 9097249 0049380 297 W
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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-electrk buzzer
drive. Divider outputis from pin P13 (DVO). The P13 output latch should be setto “1* and then the P13
should be configured as an output mode.

7 6 5 4 3 2 1 0
TBTCR L L )
(00364) LDVOENJ OVOCK TO| (TRTEN) l (TBTCK), I (tnitial value: 0»20 Qx»v)
DVOEN | Divider output enable/disable 0: Disable
1: Enable
00 : fcr23 {Hz] Rrwv
ivi i 1 fer2™
DVOCK Dwnderoutput(pVO pin) 0 : c/2”
frequency selection 10 @ fc/2
1 fes2'9
Note : fc; High-frequency clock [Hz], *,; don’tcare

Figure 2-8. Divider Output Control Register

Example: 1kHz pulse output (at fc =8 MHz) )
SET (P1).3 ; P13 output latch 1
LD (P1CR}, 000010008 ; Configures P13 as an output mode
Lo (TBTCR), 100000008 DVOEN«1, DVOCK«00
DVOCK Frequency of At fc = 8 MHz At fs = 8 MHz
Divider Qutput
00 fcs29 0.512 [kHz] 0.976 [kHz]
01 fc/2% 1.024 1.953
10 fc/2" 2.048 3.906
11 fer2" 4.096 7.812
Table 2-2. Frequency of Divider Output
outputiatch output mode (P1CR3)
outputdata—™=>={0 Q P13(DVO)
Selector
fc/213 >—a
fc/212 >—=p
fc/211 >—¢ ¥ P13 output latch
fer210 o, wput latch | .|
2] e
DVOCK DVOEN DVOEN ----—l I—
| TBTCK | — '
swoen - UL U

Divider output control register

(a) Configuration

(b) Timing Chart

Figure 2-9. Divider Output
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TOSHIBA

16-bit Timer/Counter 1 (TC1)

2.5

.

The 87C408 hastwo 16
2.5.1 Configuration

-bit timer/counters (TC1 and TC2). Z‘k’ £

2qons M

{ J33unod/aun) "ot-z ainbyy

b

‘aloyL  He1o3yy
viomL  “vioaul 12151631 (03U0) | JIRUNOYIIWN
vl agons Y Q
LM YIIIL jonvel ¥didL
v VAP Y ew
qevd 81 ‘vi 1215163 3w UG-9L 211
1660y vi9wl 419381
seap ¢ JETEV] Ulv.o. m W L W
eusa _ [ o335
»1 ¢ : !
195 J:QSM_”:“vlﬂUA Jeap b L _
d
2POW MOPUIM }
[4
26603 4 - J0yesed WO * 1
S (3 213}
dpow . ownw. M i A B 213
po 1unordn uq-9| > A 5
huawainseaw 8 v uisdy
yipim asynd 13 o] B q vd L
d\l 8, Y sh<saum
LL3W /
1013219p ouvo_
Buisn buijjey
reapg
apows
1235101 -Umm_uu uawainseaw
.6A_I b 193 ‘ > wiptm3sind
apow 19ddW uels
ndino 944 Ues purwwod

19N 153301 LDLNI AIQH"

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

Timer register 15 14 13 12 1A 10 9 '8 7 6 5 4 3 2 1 0
TREG1A
(0010,0011H)L 1 TREGIAM(O01Y) | TREGIAL(00104) |
TREG18 Write only
(0012, 00!3H)[ 1 TREG 1By (00134) ) l L : TREG18; (00121 s ]
Timer/Counter Read / Write (Write available in oniy PPG output mode)
7 ) 5 4 3 2 1 0
SCAP1
TCICR LZAN V=4 S (4T TCI1CK TCIM (Initial value : 0000 0000)
(00144)
MPPG! L I i 1
00 : timer/ external trigger timer/ event counter mode
TCIM TC1 01 : window mode
mode select 10 : pulse width measurement mode
11 : PPG (programmable pulse generate) cutput mode
00 : internal clock fes2" [Hz}]
Tc1ex | TE 01 : internal clock fc/2’
source clock select 10 : internal clock fcr 23
11 : external clock (TC1 pin input)
write
00 : stop & counter clear only
T 01: command start
TC1S
start control 10 : reserved
11 : external trigger srart
..SCAPL _ |software capturecontrol | 0 T 1.:.software capture trigger
pulse width measurement .
MCAP1 control 0 : double edge capture 1 : single edge capture
................... A xternaltnggertnmer
0 : trigger srart 1 : trigger start & sto
METT! control ; trieg 99 P
MPPG1 [ PPG output control 0 : cotinuous pulse 1 : single puise
TFF1 timer F/F1 control 0: clear 1:set

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

Note 2 : Writing to the low-byte of the timer registers (TREG1A,, TREG18,), the comparison is inhibited
until the high-byte (TREG1A,, TREGI18y) is written. (Only the low-byte of the timer registers
cannot be changed.) After writing to the high-byte, the comparison within 1 cycle(during
instruction execution) is ignored.

Note 3 : Set the mode, source clock, edge (INT2ES), PPG output control and timer F/F1 control when TC?
stops (TC15 =00).

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

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

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

Note 6 : Always write "0~ to TFF1 except the PPG output mode.

Note 7 : TCICR is a write-only register, which cannot access any of in read-modify-write instruction such as
bit operate, etc.

Note 8: TREG18 cannot be written after setting to PPG output mode.

Figure 2-11. Timer Registers and Control Register TC1
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(5) Pulse width measurement mode

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

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

CLR (INTTCISW). 0 ; INTTCI service switch initial setting

LD (EINTCRY), 000000008 ; Sets the rising edge at the INT2ES edge

LD (TC1CR), 000001108 ; Sets the TC1 mode and source clock

SET (EIRL). EF4 . Enables INTTCI

El

LD (TC1CR), 001101108 ; Starts TC1 with an external triggerin MCAP1 =0
PINTTCI: cPL (INTTCI1SW). 0 ;. Complements INTTC1 service switch

JRS F, SINTTC1

LD {HPULSE), (TREG1BL) ;  Reads TREGIB

Lo (HPULSE + 1), (TREG1BH)

RETI
SINTTC1 LD (WIDTH), (TREG18L) ; Reads TREG18B (Period)

LD {WIDTH + 1), (TREG1BH)

: Duty calculation

RETI

VINTTCH ; Dw PINTTCH
WIDTH
HPULSE "

TC1 pin __] l: l:
INTTCISW J l___. .

" Ml 9097249 0049384 932 M
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count start « count start

TC1 pininput i " A
pininpu | trigger Y « (INT2E5 =0)

Internal ¢clock

T X OO Yo G
: \ capture )

TREG18 X¥n

INTTC1 interrupt rl

[Application] High or low pulse width measurement

(a) Single edge capture (MCAP = 1)

count start " count start

TC1 pininput ‘ n Y « ‘ (INT2ES = 0)

Internal ¢clock

Counter

TREG1B

INTTC! interrupt n n

{Application] (@ Period/frequency measurement
@ Duty measurement

(b) Double edge capture (MCAP1=0)

Figure 2-16. Pulse Width Measurement Mode

(6) Programmable Pulse Generate (PPG) output mode

Counting is started by an edge of the TC1 pin input (either the rising or falling edge can be selected)
or by a command. Edge select is the same as for INT2 pin. The source clock is used an internal clock.

First, the contents of TREG 1B are compared with the contents of the up-counter. If a match is found,

timer F/F1 output is toggled. INTTC1 interrupt is generated at continuous output (MPPG1=0) Next,

timer F/F1 is again toggled and the counter is cleared by matching with TREG1A. An INTTC1
interrupt is generated at this time. Timer F/F1 output is connected to the P14 (PPG) pin. In the case
of PPG output, set the P14 output latch to “1" and configure as'an output mode. Timer F/F1 is
cleared to “0” during reset. The timer F/F1 value can also be set by TFF1 (bit 7 in TC1CR) and either a
positive or negative logic pulse output is available. Also, writing to the TREG 1B is not possible uniess
the timer/counter 1is set to the PPG output mode.

Example : “H" level 800 us, “L"" level 200 us pulse output at fc =8 MHz

SET (P1).4 ;P14 outputlatche=1

LD (P1CR), 000100008 ;  SetsP14to an output mode

LD (TC1CR), 100000118 ;  Sets PPG output mode

LDW (TREGI1A), 03EBH . Setsaperiod (1 ms+ 1 u5=03E8)

LDW (TREG1B), 0OC8BH : Sets "L” level pulse width (200 x5 + 1 5 = 00C8y)
LD (TC1CR), 100100118 ; Start

" Il 9097249 0049385 879 W
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P14 outputlatch

Data output >—p q

internal reset

]
TFF1 > bset output enable
TCICR write strobe : b clear q P14 (PPG) pin

match with TREG1B >————F[> |
match with TREGIA >—— togg'e |
INTTC1 interrupt =Y Timer F/F1
A
;j:}-»TCIS clear signal
MPPG1 |

Figure 2-17. PPG Output

Counter 0 ! 2 n Xna+ myoX 1 2 n Xnet moX 1 2

TREG18 :X o d $

TREG1A )( ™

| 8 8 g
T hh

INTTC interrupt n n

(a} Pulse

count start

TC1 pininput __J\tngger

Internal clock || | I I |‘ﬁ| l l I l I‘!I I l I I l_I I,_I Ll _| U I._.I U L

Counter 1} 1 n Xnet mX 0

TREG1B :X n L)

TREG1A X -

A
) 8
_ J___ll
PPG pin output
1

INTTC1interrupt

(b} Single

Internal clock l l I I l I“I l I I l |I§| I I l I | I I[EI | l | l |§| | | I l Icommandstart

external trigger start

[Application] one shot pulse output

Figure 2-18. PPG Output Mode Timing Chart
M 9097249 004938k 705 W
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2.6 16-bit Timer/Counter 2 (TC2)
2.6.1 Configuration

TC2S
TC2 pin [}
fe/223y A clear
fo213s B imer/ 16-bit up-counter
fc/28—n|C ventcounter source
f/23——mlD T
FE: match
S TC2M detcet INTTC2
3 interrupt
TC2S
TC2CK T
match detect controf
TC2CR TREG2 ?
Timer/Counter 2 control register 16-bit timer register 2 TREG2H  TREG2L write strobe

Figure 2-19. Timer/Counter 2 (TC2)

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

2 (TREG2).

TREG2 15 14 13 12 IR 10 9 8 7 6 5 ) 3 1 0
(0016, 0017H){ i TREGZ4 (0017n) N : L TREG2, (00161) : L J
write oniy
TR S 4 3 2 1 0
(©0151) 1o [rcas] _7tcack, | [tcam]  (nitialvaiue: «20000:0)
TCIM Timer/counter 2 operating 0 : Timer/Event counter mode
mode select 1 : Window mode
000 : internai clock fe/28 {Hz]
001 : Internal clock fc/29
. ]
Timer/counter 2 010 : Internal clock :c / 2, write
TC2CK | source clock select 011 : Internal clock c/2
100 : reserved only
101 : reserved
110 : reserved
111 : External clock (TC2 pininput)
TC25 Timer/counter 2 0 : Stop and counter clear
start control 1: Start
Note 1 : fc; High-frequency clock [Hz], *; don’t care
Note 2 : When writing to the low byte of 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)
isignored.
Note 3 : Set the mode and source clock when timericounter stops (TC2S =0).
Noted : Values to be loaded to the timer register must satisfy the following condition.
TREG2 > 0
Note5: TC2CR is a write-only register and cannot be used with any of the read-modify-write

instructions.

Figure 2-20. Timer Reqister 2 and TC2 Control Register
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2.6.3 Function

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

(1) Timer Mode

In this mode, the internal clock is used for counting up. The contents of TREG2 are compared with
the contents of up-counter. If a match is found, an INTTC2 interrupt is generated, and the counter is
cleared. Counting up is resumed after the counter is cleared.

Source clock Resolution Maximum time setting
NORMAL, IDLE mode At fc=8 MHz At fc=8 MHz
fc/ 28 [Hz] 1.05 s 19.1 hour
fe/24 1.02 ms 1.1 min
fer2¢ 32 s 2.1 s
fes 22 1 8 65.5 ms

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

Example : Sets the timer mode with source ciock f¢/23 [Hz] and generates an interrupt every

25 ms (at fc =8 MH2z).

LDW {TREG2), 61A8H

SET (EIRH).EF14 ; Enables INTTC2 interrupt
£l

LD (TC2CR), 00101100B , Starts TC2

(2) EventCounter Mode

; Setsthe TREG2(25ms = 23/fc=61A8y)

In this mode, events are counted on the rising edge of the TC2 pin input. The contents of TREG2 are

compared with the contents of the up-counter. |f a match is found,
generated, and the counteris cleared. The maximum frequency applied to t

an INTTC2 interrupt is
he TC2 pin is fc/24 [Hz] in

NORMAL or IDLE mode. But, a puise width of 2 machine cycles or more is required for both “H” and

“L" level.

Example : Sets the event counter mode and generates an INTTC2 inte

LDW (TREG2), 640 ; Setsthe TREG2

SET (EIRH).EF14 ; Enables INTTC2 interrupt
El

LD (TC2CR), 001111008 ; Starts TC2

(3) Window Mode

rrupt 640 counts later

In this mode, counting up is performed by an internal clock during "H" level of TC2 external pin
input (window puise). 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-counteris clea

redto “0".

It is necessary that the maximum applied frequency must be considerably slower than the selected

internal clock.

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

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

El

LD {TC2CR), 001001018 ; StartsTQ2
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TC2 pininput

]
]
1
Internal clock l]‘llli:lIII‘IIIlllllllllIllllll‘

Counter

0 X A2 ﬂ@ﬂ’ﬁﬂﬂﬂ

TREG2 X 0

¢ |

INTTC2 interrupt

matchj_l} counter clear

Figure 2-21. Window Mode Timing Chart
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2.9 Serial Interface (S10)
The 87C408 has one clocked-synchronous 8-bit serial interfaces (SIO). The serial interface has an 8-byte
transmit and receive data buffer that can automatically and continuously transfer up to 64 bits of data.
The serial interface is connected to external devices via pins P75 (SO), P74 (S!), and P73 (5CK). The serial
interface pins are also used as port P7. When used as serial interface pins, the output latches of these pins
should be set to “1". In the transmit mode, pins P74 can be used as normal I/O ports, and in the receive
mode, the pins P75 can be used as normal /O ports.

2.9.1 Configuration

SI0 control register/status register cPy

SIOCR1/SIOSR SIOCR2
L1

[ T T T T T T T I r T v ¥ l
I 5 I i3 L 1 H 1 t 1 1

AT 3
Transmit and receive
data buffer,

(8-byte in DBR)

c | circui || Buffercontrol
ontrol circuit circuit
A
Shift register
. 7 6 5 4 3 2 1.0
Shift  mamns e T D 5O pi
clock g pin
TR S S S | 7 Serial data output
8-bit transfer 4-bit transfer JLj Si pin
[ 4 7 Serial data input
, ial clock gy -
INTSIO  interrupt request Senial dloc :\_r__] SCK

: Serial clock YO

Figure 2-22. Serial Interface

2.9.2 Control
The serial interface is controlled by SIO control registers (SIOCR1/SIOCR2). The serial interface status can
be determined by reading SIO status registers (SIOSR}.
The transmit and receive data buffer is controlled by the BUF (bits 2 to 0 in SIOCR2). The data buffer is
assigned to addresses OFF0 to OFF7y for SIO in the DBR area, and can continuously transfer up to 8 words
at one time. When the specified number of words has been transferred, a buffer empty (in the transmit
mode) or a buffer full (in the receive mode or transmit/receive mode) interrupt (INTSIO) is generated.

M 9097249 0049390 13- A
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Serial interface control register 1

SIOCR1 7 6 5 4 3 2 1 0
(0020w) [sios | 89, [ sioM | SCK_ | (nitial value: 00GO 0000}
S10S indicate transfer start/stop 0:5top -
1: Start

SIOINH | Continuesabort transfer ?  Continue transfer

- Abort transfer (automatically cleared after abort)

000 : 8-bit transmit mode

010 : 4-bittransmit mode

SIOM Transfer mode select 100 : 8-bit transmitreceive mode
101 : 8-bit receive mode

110 : 4-bit receive mode

write
only

000 : Internal clock fc/2" [Hz]

001 : Internal clock fc/2%

SCK serial clock select 010 : internal clock fc/2¢

011 : internal clock fc/2°

111 : Externai ciock (input form SCK pin)

(output on SCK pin)

Note 1:  SetSIOS ta "0" and SICINH to "1" when setting the transmit mode or serial clock.
Note2:  SIOCRI is a write-only register and must not be used with any of read-modify-write instructions.

Serial interface controi register 2

socRz 765 4 3 2 1 O
(00214) WAIT BUF | (Initial value :  =*+0 0000)

Always sets 00" except 8-bit transmit/receive modé.
00: Ty = Tp (non-wait)

WAIT | Wait control 01:T¢ = 2Tp

10: T4 = 4Tp (wait)

11: Ty = 8Tp

write

Buffer address used only

000 : 1 word transfer OFFQy

001 : 2 word transfer OFF0 to OFFly
010 : 3word transfer OFF0 to OFF2y
BUF Number of transfer words 011 : 4word transfer OFF0 to OFF3y
100 : 5Sword transfer OFF0 to OFFdy
101 : 6 word transfer OFF0 to OFF3y
110 : 7 word transfer OFFO to OFF6y
111 : 8word transfer OFF0 to OFF7y

Note1: Tj; frame time (1 word data transfer time), Tp, data transfer time
- —_'lrlﬂﬂr‘ﬂﬂﬂl—. =4 ‘ﬂr
SCK output !
' [ 1
t ] ]
1 o ~| a
1 ot
r— Ty ,E

Note2: Thelower 4 bits of each buffer are used during 4-bit transfers. Zeros (0) are stored to the upper 4 bits
when réceiving.

Note3:  Transmitting starts at the lowest address. Received data are also stored starting from the lowest
address to the highest address. First, address OFF0y is transferred,

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

Note5:  SIOCRZ must be set when the serial interface is stopped (SIOF =0).

Note 6: * - don'tcare

Figure 2-23. Serial Interface Control Reaister
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SIOSR 7

6 5 4 3 2

1 0

; ; . i (Subsequently to SIOS cieared to “0°, when a
SIOF Serial Uans,fer operating 0: Transfer _‘ermmated transfer 1s terminated to SIOINH is set, SIOF s
status monitor 1: Transferinprocess ciearedto "0".) read
SeF Shift aperating status 0: Shift operation terminated only
monitor 1 : Shift operation in process

Figure 2-24.

Serial Interface Status Register

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

@ internal Clock
Any of four frequencies can be selected. The serial clock is output to the outside on the SCK

pin. The SCK pin goes high when transfer starts.

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

Serial clock Maximum transfer rate
NORMAL, IDLE mode At fc=8MH2
fc /2" [Hz] 0.95 kbit/s
fcr 2t 30.5
fc/28 122
fc/ 28 244

Figure 2-28. Serial Clock Rate Note : 1 kbit =1024 bit

automatically
wait function

LML

OHO0H008
~

Xbo  Ac

SCK pin output | | | l I l l[

\2o X a1 X 22) 23
Written transmit :X 3

data

SO pin output

Figure 2-25. Clock Source (Internal Clock)
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@ External Clock
An external clock connected to the SCK pin is used as the serial clock. In this case, the P73
(SCK)) output fatch must be set to “17. To ensure shifting, a pulse width of at least 4
machine cycles is required. Thus, the maximum transfer speed is 244 kbit/s (fc = 8 MH2).

SCK pin input I l I I l I I I

tsexL lsCxH
tscxus tsckn > 4 tayc Note : tcyc = 4/fc(in NORMAL, IDLE modes)

b.Shift edge
The leading edge is used to transmit, and the trailing edge is used to receive.

@ Leading Edge
Transmitted data are shifted on the leading edge of the serial clock (falling edge of the SCK
pin input/output).
® Trailing Edge
Received data are shifted on the trailing edge of the serial clock (rising edge of the SCK pin '

input/output).
SCK pin t I t I ! l t |
50 pin \ b0 X bitt X biz X bit3
Shift register X 32104Xf.321 e32 x..q
(a) Leading Edge
SR pin HuluWuly
Si pin X bito X bitt X bz X bit3
Shift register oee X 0eee X t0e+ X 210+ X 3210
Note: =, don’tcare
(b) Trailing Edge

Figure 2-26. Shift Edge

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

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

5t
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3CK pin I I l I I | | l
50 pin \ 20X 21 X 22X 2

INTS!IO interrupt n

W

{a) 1 Word Transmit

50 pin \ 2o X2 X 22X 23X Bo X bi X b2 X D2k o Ao X2 A s

INTSIO interrupt n

{b) 3 Words Transmit

SCR pin TUuuUyuuuyuTyy
G e eX e XX e a7

INTSIO interrupt “

wy

(¢) 3 Words Receive

(4)

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

Transfer Mode

SIOM (bits 3 to 5 in SIOCR1) is used to select the transmit, receive, or transmit/receive mode.

a.4-bit and 8-bit Transmit Modes

In these modes, the transmit mode is set to the control register and then the data to be
transmitted first are written to the data buffer registers (DBR).

After the data area written, the transmission is started by setting SIOS to “1”. The data are then
output sequentially to the SO pin in synchronous with the serial clock, starting with the least
significant bit (LSB). As soon as the LSB has been output, the data are transferred from the data
buffer register to the shift register per 1 word. When the final data bit has been transferred and
the data buffer register is empty, an INTSIO (buffer empty) interrupt is generated to request the
next transmitted data.

When the internal clock is used, the serial clock will stop and perform an automatic wait if the
next transmitted data are not loaded to the data buffer register by the time the number of data
words specified with the BUF has been transmitted. Writing even one word of data cancels the
automatic-wait; therefore, when transmitting two or more words, always write the next word
before transmission of the previous word is completed.

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

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

The transmission is ended by clearing SIOS to "0 or set SIOINH to "1 in the buffer empty
interrupt service program. After SIOS is cleaned, the transmission is ended at the time that the
final bit of the data being shifted has been output. That the transmission has ended can be
determined from the status of SIOF (bit 7 in SIOSR). SIOF is cleared to “0" when the transmission
is ended. When SIOINH is set. the transmission is immediately ended and SIOF is cleared to "0".
B S097249 0049394 aa1 WM
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When an external clock is used, it is also necessary to clear SIOS to “0” before shifting the next
data; otherwise, dummy data will be transmitted and the operation will end. !f the number of
words is to be changed, SIOS is cleared to “0”. After confirmed that SIOF has been cleared to “07,
BUF must be rewritten.

¢lear $i0S
5105 (l | —
SIOF | | \> I

sweneuews L] L U UL
50 pin \ 2o X2z X 23X(aa X 2s X_asX_a7X boX b1 X bz X b3 X ba X bs X bs X b7/
INTSIO interrupt n ~ “ .
\ .
DBR Xa Xb
L

write transmit data

(a) Internal Clock
clear SIOS

SI0S

—
SIOF 1
—

SEF

STK pin (input)

Sopin OO0 0000000000

INTSIO interrupt ﬂ \\ n

DBR Xa_Xb
p 4

write transmit data

(b) External Clock

Figure 2-28. Transmitted Data (Example : 8-bit, 1 word)
§CK pin I |
SIOF ]

SO pin X the highest bit of the final transmitted /

tsopm = min. 3.5/f¢ [s] (in NORMAL, IDLE mode)

Figure 2-29. Transmitted Data Hold Time at end of transmit
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b.4-bit and 8-bit Receive Modes
After setting the control registers to the receive mode, set SIOS to “17 to enable receiving. The
data are then transferred to the shift register via the Sl pin in synchronous with the serial clock,
starting with the least significant bit (LSB). When one word of data has been received, it is
transferred from the shift register to the data buffer register (DBR). When the number of words
specified with the BUF has been received, an INTSIO (buffer full) interrupt is generated to request
that these data be read out. The data are then read from the data buffer registers by the
interrupt service program.
When the internal clock is used, and the previous data are not read from the data buffer register
before the next data are received, the serial clock will stop and an automatic-wait will be initiated
until the data are read. A wait will not be initiated if even one data word has oeen read.
Note : Automatic-waits are also canceled by reading a DBR not being used as a received data
buffer register; therefore, during SIO do not use such DBR for other applications.
When an external clock is used, the shift operation is synchronized with the external clock;
therefore, the previous data are read before the next data are transferred to the data buffer
register. If the previous data have not been read, the next data will not be transferred to the
data buffer register and the receiving of any more data will be canceled. When an external clock
is used, the maximum transfer speed is determined by the delay between the time when the
interrupt request is generated and when the data received have been read.
Clear SIOS to “0" or SIOINH to “1% in buffer full interrupt service program 1o end receiving. When
SI0S is cleared, the current data are transferred to the buffer. After SIOS cleaned, the
transmissions is ended at the time that the final bit of the data being shifted has been output.
That the transmission has ended can be determined from the status of SIOF (bit 7 in SIOSR). SIOF
is cleared to “0” when the transmission is ended. After confirmed the receiving termination, the
final receiving data is read. When SIOINH is set, the transmission is immediately ended and SIOF is
cleared to “0”. (The received data is ignored, and it is not required to be read out.) if the number
of words is to be changed during transfer, SIOS must be cleared to “0* and BUF is rewritten after
SIOF is determined to be cleared to 0" during automatic-wait operation of an external clock
operation. The number of words can be changed in an internal clock. In this case, BUF must be
rewritten before the received data is read out.
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 5IO5 to "0", read the last
data and then switch the transfer mode.

|-4—————— clear 5105

SI0S

SIOF

SEF

5CK pin (output)

Sl pin

INTSIO interrupt

DBR

read receivedata read receive data
Figure 2-30. Receive Mode (Exampie : 8-bit. 1 word. internal clock)
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c. 8-bit Transmit/Receive Mode

After setting the control registers to the transmitreceive mode, write the data to be transmitted
first to the data buffer registers (DBR). After that, enable transmitting and receiving by setting
SIOS to “17. When transmitting, the data are output from the SO pin at leading edges of the
serial cock, starting with the least significant bit (LSB). When receiving, the data are input
through the S! pin at the trailing edges of the serial clock. 8-bit data are transferred from the
shift register to the data buffer register. An INTSIO interrupt is generated when the number of
data words specified with the BUF has been transferred. The interrupt service program reads the
received data from the data buffer register, the transmitted data is written. The data buffer
register is used for both transmitting and receiving; therefore, always write the data to the
transmitted after reading all the received data.
When the internal clock is used, a wait is initiated until the received data are read and the next
data are written. A wait will not be initiated if even one data word has been written.
When an external clock is used, the shift operation is synchronized with the external clock;
therefore, it is necessary to read the received data and write the data to be transmitted next
before starting the next shift operation. When an external clock is used, the maximum transfer
speed is determined by the maximum delay between generation of an interrupt request and the
received data are read and the data to be transmitted next are written.
Clear SIOS to “0” to SIOINH to “1” in INTSIO interrupt service program to end transmit/receive
mode. When SIOS is cleared, the current data are transferred to the data buffer register. The
transmit/receive is ended at the time that the final bit of the data being shifted has been output.
The end of transmit/receive can be determined from the status of SIOF (bit 7 in SIOSR). SIOF is
cleared to “0” when the transmit/receive is ended. When SIOINH is set, the transmit/receive is
immediately ended and SIOF is cleared to "0°.
If the number of words is to be changed during transfer, SIOS must be cleared to “0” and BUF is
rewritten after confirmed that SIOF clearing to “0“. The number of words can be changed during
automatic-wait operation of an internal clock. In this case, BUF must be rewritten before the
final transmitted/received data is read out.
Note : The buffer contents are lost when the transfer mode is switched. If it should become
necessary to switch the transfer mode, end receiving by clearing SIOS to “0~, read the last
data and then switch the transfer mode.

S10S

SIOF

SEF

SCK pin (output)
SO pin

Sl pin

bt clear 5105 —>1

2 o X e X e e X e X o XX drXda X daX da K SsXds Aoz

INTSIO interrupt J J

DBR X a X ¢ ?( b - Xd
write transmit read transmit  write transmit read transmit
data (a) data (c) data (b} data (d)

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

SCK pin I
SIOF . l:
SO pin bité L bit 7 of final tra;wsmit /
tsoo: =min. &/f¢ [s)';(in the NORMAL, IDLE mode)
Figure 2-32. Transmitted Data Hold Time at end of transmit/receive
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2.10 8-bit A/D Converter (ADCQ)

The 87C408 has an 8-bit successive approximate type A/D converter with sample and hold.

Analog reference power supply (VAREF) is automatically cut off in stop mode or analog input disable.
2.10.1 Configuration

Ladder resistor
! R R R2 !
VAREF : MW Wy MWA— O vass
! i
sTOP '
AINDS Tap Decoder
1
Analog input Sample & Hold
Multiplexer et ol SO - Reference
' : voltage
t ]
AINO O———A U an o2 N
ANt O—8 : S A 58
O——fC i '
AIN2 : ;; :
AIN3 —]|D i i Analog
i i comparator
AINS D— E e me fmrmrm - - .
AINs O——F
Sampling clock Successive Approximate Circuit
EN )
Shift ciock
EN S
A A . .
AINDS Control Circuit 8
Y
A
oy LA ADs 4 EOCF
6
4 \ A\
P6CR ADCCR ADCDR
P6 input/output control register A/D Converter control register A/D Conversion result register

Figure 2-33 A/D Converter

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

A/D Conversion Result Register

7 6 5 4 3 2 1 0

ADCDR A : , : : : :
(000F ;) [ : : s : : : : |  Readonly

Figure 2-34 A/D Conversion Result Register
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AJD Converter Control Register
ADCCR 7 6 5 4 3 2 1 0 N
(000Ey) [EOCF l ADS 1 ACK lAmos l . SAIN ] (initial vaiue 0001 0000)
0000 : AINO
0001 : AIN1
0010 : AIN2
0011 : AIN3
SAIN | Analoginputselection 0100 : AiN4
0101 : AINS
0110 : reserved
0111 : reserved
1=s= : reserved RAW
. 0 : Enable
AINDS Analog input controi 1 : Disable
ACK Conversion time 0: conversion t!me = 23 5 (at fc fegek = 8 MHz)
1 : conversiontime = 92 u5
. Q: -
ADS A/D conversion start 1 : A/D conversion start
EOCF A/D conversion end flag 0: Under conversion or Before conversion R
1 : End of conversion .
(Note 1} *;don'tcare
{(Note 2)  Select analoginput when A/D converter stops.
(Note3) The ADSis automatically cleared to 0" after starting conversion.
(Noted) The EOCFis cleared to "0” when reading the ADCDR.
(Note5)  The EOCF is read-only. The written data is ignored.
Figure 2-35 A/D converter control register
2.10.3 Operation

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

(Note) VASS is the same as VSS.

(1) Start of A/D conversion

First, selects one of analog input channels (AIN5 to AINO) by SAIN(bit 3 to 0 in ADCCR). Clear the

AINDS (bit 4 in ADCCR) to "0*. The channel used as an analog input is cleared to “0” by P6 input

control (P6CR). (The pin that is not used as an analog input can be used as regular input/output

pins. During conversion, do not perform output instruction to maintain a precision for all of the

pins.

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

A/D conversion time is from A/D conversion until setting the conversion result to ADCDR. When

ACK = 1, conversion is accomplished in 736/fcgck [s] (184 machine cycles). For example, 92 us in

fcgek = fc =8 MHz. The EOCF (bit 7 in ADCCR) is set to “1” at end of conversion.When ADS is set to

“1" during A/D conversion, conversion is initialized and restarted.Sampling of an analog input

voltage is performed in 4 machine cycles after A/D conversion start is indicated.

(Note)The sample hold circuit has 12 pF (typ.) condenser with 5 kQ (typ.) resistor. During 4 machine
cycles, the electric charge must be kept in this condenser.

(2) Reading of A/D conversion result

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

during A/D conversion, the invalid value is read out.
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(3) A/D conversion in STOP mode
When the MCU places in the STOP mode during the A/C conversion, the conversion is terminated
and the A/D conversion value become indefinite. Thus EQCF is maintained to “0” after returned
from the STOP mode. However, if the STOP mode is started after the end of A/D conversion
(EOCF = "1"), the A/D conversion value and EQCF state are held.

a0s [ [T
ADCDR f invalid X result fnvangx invalid X result

— conversion .

e CONVErsion —a:

time : _ time
184/fc [s] 184/fc [s]
EOCF l
. ——O— ——0 O
Procession
A b }
read start read start start

Figure 2-36 A/D Conversion Timing Chart

Example 1 After AIN pin 4 is selected as an analog input channel, A/D .conversion is started. EOCF is
confirmed and the converted result is read out. Itis saved to address 009EH in RAM.

; AIN SELECT

LD (ADCCR), 001001008 ; selects AIN4

; A/D CONVERT START

SET (ADCCR). 6 ;ADS =1
SLOOP : TEST (ADCCR) . 7 ;EOCF=17

JRS T,SLOOP

; RESULT DATA READ

LD (9EH), (ADCDR)

Figure 2-37 shows the relationship between An analog input voltage and A/D converted 8-bit
digital value.

r S
FFy T+ ._’._-
kd -
FEw T -
FOu + b
AD
conversion ~ 4=
* .
result [~
03H T v o
02H T P -
.'. '
Oty + /4
S 1 F——t—" _ _VAREF-VASS
0 1 2 3 253 254 255 256 X 256
Analog input voltage

Figure 2-37 Analog input voltage vs. A/D conversion result (typ.)
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2.11 Key wake up

TMP87C408M can control stop mode with four pins such as pin 62, 63, 64 and 65 other than pin 76
(INT5/5TOP).

When the stop mode is controlled in port inputs of pin 62, 63, 64 and 65, system register 1 (SYSCR1) must
start the stop mode (level release mode).

Stop mode control register

A/D Converter Control Register

STOPCR 7 6 5 4 3 2 1 0 N
(002F,) | - | - [stoes | stopa [ sops [stoP2 | - | - ] wnitialvalue ++0000%+)
Bit name Select function Bit definition
0 : Disable
STOP2 P62 port controls stop mode
1 : Enable
0 : Disable
STOP3 P63 port controls stop mode
i : Enable .
- Read/Write
0 : Disable
STOPS P64 port controls stop mode .
1 : Enable
0 : Disable
STOPS P65 port controls stop mode
1 : Enable

Figure 2-38 Stop mode control register
Stop mode control circuit

Stop mode _G_ —<¢ { ] p7s (w73 /370R)

control signal
M P62 (AIN2/STOP2)
4@—{] P63 (AIN3/STOP3)

( C M P64 (AIN4/ STOP4)
M P65 (AINS/STOPS)

STOPCR
(002FH) ([~ |~

[V -To B V]
[ Te NIV}
(¥R Je LTV
[N h-Te EUTV.)
|
|

Figure 2-39 Stop mode control circuit
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INPUT/ QUTPUT CIRCUIT

(1) Contro! pins
The input/output circuits of the 87C408 control pins are shown below.

Control Pin o Input/ Output Circuitry and Code Remarks
Osc. enable —»—@_, -~ fc High-frequency resonator
connecting pin
—m—

XIN Input R¢

XouT Output R Ro Re =12Ma - (typ)
Ro =1.5kD (typ.)
R =1k{ (typ.)

XIN XOuT
VDD Sink open drain output
Rin Hysteresis input

R
RESET ¥O | Address-trap-reset @—W\' D Pull-up resistor ‘
Watchdog-timer-rese%}————i .
System-clock-reset Rin=220kQ  (typ.)

R=1kQ (typ.)

Hysteresis input

STOP/INTS Input ___
STOP/INTS —@'—“WV—‘D

R=1kfl (typ.)

Pull-down resistor

TEST Input Rin Rin=70k{l (typ.)
(Note 1) R=1k{Q (typ.)

(Note 1)  The 87P808 does not have a pull-down resistor for TEST pin. Always fix to low level.

M 9097249 0049403 b1y EA
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(2) Input/ OQutput Ports
The input/output circuits of the 87C408 input/output ports are shown below.
Port 70 input/ Qutput Circuitry and Code Remarks
initial “Hi-2* VDD Tri-state VO
;i Hysteresis input
P1 10 R=1kQ (typ.)
disable 5€ R
initial “Hi-Z* VDD Tri-state /O
R=1kQ (typ.)
P6 e
disable ny R
g
—
initial "Hi-2* VOO Tri-state VO
P-ch Control
R=1k{(typ.)
P7 o
disable =y R
<]
—}
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TOSHIBA UNDER DEVELOPMENT TMP87C408
ELECTRICAL CHARACTERISTICS
(1) 87C408
ABSOLUTE MAXIMUM RATINGS (Vss=0V)
PARAMETER SYMBOL CONDITIONS RATINGS UNIT
Supply Voltage Voo -0.3t06.5 Y
Input Voltage Vin -03toVpp+0.3 \Y
Output Voltage Vour -0.3toVpp+0.3 \
louTs P1,P6 . 3.2 mA
1oL
QOutput Current (Per 1 pin) louT? P7 {middle current port) 15 mA
10H louTs P1,P6, P7 -18 mA
3 oyt |P1,P6 50 mA,
0L
Qutput Current (Total) 3 logyr2 | P7 (middle current port) 60 mA
IOH 3 louyts | PV, P6, P7 30 mA
Power Dissipation [Topr=70°C] PD 350 mw
Soldering Temperature (time) Tsld 260(10¢9) *C
Storage Temperature Tstg -55t0 125 *'C
Operating Temperature Topr -40t0 85 °C
RECOMMENDED QPERATING CONDITIONS (Vss=0V, Topr= -40t0 85°C)
PARAMETER SYMBOL PINS CONDITIONS Min. Max. UNIT
tc= | NORMAL mode
gMuz [IDLE mode 4.5
tce | NORMAL mode
Supply Voitage Voo 4.2 MMz | IDLE mode 2.7 5.5 v
STOP mode 20
Vini Except hysteresis input Vpp % 0.70
Vinz | Hysteresis input Vpp&4.5V Vop X0.75
Input High Voltage - Voo v
Vius 2.7VSVp<45V Vpp x 0.90
Viy Except hysteresis input Vpp x 0.30
V2 | Hysteresis input Vpp24.5V Vpp x 0.25
Input Low Voltage 0 v
Vs 2.7VSVpp<A45YV Vpp % 0.10
Vpo=4.51055V 8.0
Clock Frequency fc XiN, XOUT Voo=2.7105.5V 1.0 4.2 MHz

(Note) Clock frequency fc : Supply voltage range is specified in NORMAL mode and IDLE mode.
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TOSHIBA UNDER DEVELOPMENT TMP87C408
D.C. CHARACTERISTICS (Vss=0V, Topr= - 4010 85°C)
PARAMETER SYMBOL PINS CONDITIONS Min. | Typ. | Max. | UNIT
Hysteresis Voltage Vys | Hysteresis inputs - 0.9 - v
1 TEST -
e Voo =5.5V
input Current hn2 | Tri-state ports -2 - 2 LA
Vin=5.5V/0V
w3 | RESET, STOP
Input Resistance Rinz | RESET 90 220 510 3¢}
Qutput Leak! Current llo | Tri-state ports Vpp=3.5V,Voyr=5.5V =2 - 2 LA
Qutput High Voltage | Vouy | Tri-state ports Vop=4.5V, Ioh= -0.7mA 4.1 - - \
Output Low Voltage Voo | Except XOUT and P7 Vop=4.5V,lg = 1.6 mA - - 0.4
Output Low Current louy | P7 Vpp=4.5V, Vg =10V - 7 - mA
Supply Currentin Vpp=5.5V 8 1
NORMAL mode fc=8 MHz A
m
Supply Currentin IDLE
oo ViN=5.3V/0.2V - 4 6
mode
Supply Current in Vpp=5.5V
pply oD _ 05 2 | A
STOP mode Vin=53Vv/s0.2v
(Note 1) Typical values show those at Topr =25 °C, VDD =5 V.

(Note 2)
is contained.

A/D CONVERSION CHARACTERISTICS

(Topr = ~ 40 to 85 °C)

Input Current IIN1, IIN3 : The current through resistor is not included, when the input resistor (pull-up or pull-down)

PARAMETER SYMBOL CONDITIONS Min. Typ. Max. | UNIT
Analog Reference Voltage Vager 27 ~ Voo v
Vass Vss - Vss
Anaiog Reference Voltage Range AV arer 2.7 - - \
Analog Input Voltage Range Vain Vass - V AREF v
Analog Reference Current IRer - 0.5 1.0 mA
Noniinearity Error Vpp=2.7Vto55V - - b
Zero Point Error Vss=Vags=0.000V - - *1 LB
Full Scale Error Varer=Vpp 20.001V - - 1
Total Error - - 2
(Note) AVaaer = Vager - Vass
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TOSHIBA UNDER DEVELOPMENT TMP87C408
A.C. CHARACTERISTICS (Vss=0V, Vpp=4.5t05.5V, Topr= - 40t085°C)
PARAMETER SYMBOL CONDITIONS Min. Typ. Max. | UNIT

In NORMAL mode

Machine Cycle Time tcy Q.5 - 4 s
in IDLE mode

High Level Clock Pulse Width tweH For external clock operation

62.5 - - ns
Low Level Clock Pulse Width twer | fe=8MHz

RECOMMENDED OSCILLATING CONDITIONS

(Vss=0V, Vpp=4.5105.5V, Topr= - 4010 85°C)

Oscillation Recommended Constant
PARAMETER Oscillator Frequency Recommended Oscillator
Ci C
8 MHz KYOCERA
Ceramic Resonator KYQCERA KBR4.OMS 30 pF 30 pF
High-frequency 4 MHz
MURATA CSA4.00MG
Oscillation
8 MHz TOYOCOM 2108 8.0000 :
Crystal Oscillator 20 pF 20 pF
4 MMz TOYOCOM 2048 4.0000

XIN XOuT

i

3

/Icz

(1) High-frequency Oscillation

-

{Note) When used in high electric field such as a picture tube, the package is recommended to be electrically shielded to

maintain a reqular operation.
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TOSHIBA UNDER DEVELOPMENT TMP87P808

OPERATIONAL DESCRIPTION

The configuration and function of the 87P808 are the same as those of the 87C408, except in that a one-time
PROM is used instead of an on-chip mask ROM.

1. OPERATING MODE
The 87P808 has two modes: MCU and PROM.

1.1 MCU mode
The MCU mode is activated by fixing the TEST/VPP pin at low level.
In the MCU mode, operation is the same as with the 87C408 (TEST/VPP pin cannot be used open because
it has no built in pull-down resistance.)

1.1.1 Program Memory
The 87P808 has a 8K byte (addresses E000 to FFFFH in the MCU mode, addresses 6000 to 7FFFH in the
PROM mode) one-time PROM.
When the 87P808 is used as a system evaluation of the 87C408, the data is written to the program storage
area shown in figure 1-1.

0000y 0000y
0000
: Don't use
FdOO Program FOOQ Program 7600 Progqram
FFEF storage area FFFF storage area 7EEF storade area
87C408 MCU mode PROM mode
. 87P808
(c) ROM size = 4K bytes

Figure 1-1 Program Memory Area

(Note) Either write the data FFH to the unused area or set the general-purpose PROM programmer to access only the
program storage area.

1.1.2 Data Memory
The 87P808 has an 256 bytes data memory (static RAM).

1.1.3 Input/ Output Circuits

(1) Control pins
The control pins of the 87P808 are the same as those of the 87C408 except that the TEST pin has is
no built-in pull-down resistance.

(2) 11O port
The I/O circuits of 87P808 ports are the same as the code A type I/O circuits of the 87C408.
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TOSHIBA

UNDER DEVELOPMENT

TMP87P808

1.2 PROM mode

The PROM mode is used to write and verify programs with a general-purpose PROM programmer. The
high-speed programming mode can be used for program operation. The 87P808 is not supported an

electric signature mode, so the ROM type must be set to TC57256AD.

Set the adapter socket switch to “N”.

VPP(12.5V/5V) Ves
87P808 j
A
TEST VDD
DIBS | vour
SLOK ' xiN P10
to
P15
P64
P6S
(f— P67 P16 |
E ! pes P17 |
Vss RESET [
/Jr— Veca

—

Al14t00
D7to0

Adapter

\ A15t00

4 } D710 0

Refer to Pin Function for
the other pins.

Figure 1-2 Setting for PROM Mode

1.2.1 Programming Flowchart (High-speed Programming Mode)

The high-speed programming mode is achieved by applying the program voltage (+12.5 V) to the Vpp
pin when Vcc=6 V. After the address and input data are stable, the data is programmed by applying a
single 1ms program puise to the CE input. The programmed data is verified. If incorrect, another 1ms
program pulse is applied and then the programmed data is verified. This process should be repeated (up
to 25 times) until the program operates correctly. Programming for one address is ended by applying
additional program pulse with width 3 times that needed for initial programming (number of
programmed times x 1 ms). After that, change the address and input data, and program as before.
When programming has been completed, the data in all addresses should be verified with Vcc=\pp =5

V.
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TOSHIBA

UNDER DEVELOPMENT

TMP87P808

The 87P808 is a high-speed, high-performance 8-bit single chip microcomputer, which has 64K bits One-Time
PROM. The 87P808 is pin compatible with the 87C408. The oplerations possible with the 87C408 can be
performed by writing programs to PROM. The 87P808 can write and verify in the same way as the

CMOS 8-BIT MICROCONTROLLER

TMP87P808M

TC57256AD using an adapter socket and a general-purpose PROM programmer.

Part No. ROM RAM Package Adapter socket
TMPB87PB0BM 8 K bytes 256 bytes SOP28-P-450 BM11116
Pin Assignments (Top View)
SOP28-P-450
DIDS/XOUT 1 ~ 28 [J vDD/VCC
CLOK/XIN 2 27 [ RESET
vPP/TEST []3 26 [ P10{INT0)/A7/D7
OE/ P67 4 25 [ P11 (INT1)/A14/ A6/ D6
Ce/pes (15 24 [ P12(INT2/TC1)/A13/A5/D5
DO/AD/AB/(AINS) P65 []6 23 [0 P13(DV0)/A12/ A4/ D4
D1/A1/A9/(AIN4) P64 []7 22 [ P14 (FPG)/A11/A3/D3
(AIN3) P63 (8 21 [J P15(TC2)/A10/A2/D2
(AIN2) P62 (]9 207 P16
(AIN1) P61 [J 10 19 [ P17 TMP87C408M
(AINO) PEO [ 11 18 {] P72 TMP87P808M
(VAREF) P77 [ 12 17 [J P73 (3CK)
(5TOP/iNT5) P76 [ 13 16 [ P74(Si)
(vass)vss [ 14 15 [ P75 (50)
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TOSHIBA UNDER DEVELOPMENT TMP87P808
PIN FUNCTION
The 87P808 has two modes : MCU and PROM.
(1) MCU mode
in this mode, the 87P808 is pin compatible with the 87C408 (fix the TEST pin at low level).
{2) PROM mode
Pin Name (PROM mode) Input/ Output Functions Pin name (MCU mode)
Al4 to AB P10to P15, P64, P65
.......................................... lnput Program memory address input
A7 to A0 P10to P15, P64, P65
D7 to DO o Program memory data input/outputs P10to P15, P64, P65
CE Chip enable signal input P66
put | [
OE Output enable signai input P67
VPP +12.5V/5V (Program supply voltage) TEST
vcc Power supply +5V VDD
GND oV VvSS
P17 to P16
P63 to P60
""""""""""""""""""""" 1o PROM mode setting pins. Be fixed at low level.
P77 to P72
RESET
XIN Input Inputs a clock externally. (CLOK) XiN
XOouT Input PROM mode control signal (DIDS) input XOuT
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TOSHIBA

UNDER DEVELOPMENT

TMP87P808

Vee=6V

Y
( Vpp=12.5V 1
Y

Start address set
|

Data = FF? YES

r———
Z
H
o

L Singie 1 ms program puise

Y

N=N+1

YES

Overwriting
1 ms puise 3N times of 3Nms pulse 1 time

L Address = Next Address

]

A

<>

OK |-

NO -

Figure 1-3. Flowchart of High-speed Programming

Last Address?

Vee=5V
Vpp=5V

Read all

address
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TOSHIBA UNDER DEVELOPMENT TMP87P808
D.C. CHARACTERISTICS, A.C. CHARACTERISTICS (Vss=0QV)
(1) READ OPERATION (Topr =010 70 °C)
PARAMETER SYMBOL CONDITIONS Min Typ. Max. UNIT
Input High Voltage Vina Vcex 0.67 - Vee \
Input Low Voltage ViLa 0 - Veex 0.3 \
Supply Voitage Vee 4.75 5.00 5.25
\
Program Supply Voltage Vpp Vee-0.6 Vee Vee+06
Address Access Time tacc |Vee=5.0%025V - 1.5tcyc + 300 - ns
(Note) tcyc = 500 ns
XIN l l I I I I | | I | ---------------
XOouT
Hi-Z
AQto Al4 .
A to £ H o H o~ oo H oar M
e / \ /
= _f \ [
- tasu . tacc .
(2) PROGRAM OPERATION (High speed write mode) (Topr=25%5 °C)

PARAMETER SYMBOL CONDITIONS Min. Typ. Max. UNIT
input High Voltage Vina Veex Q.7 - Vee \
Input Low Volitage Via 0 - Veex0.12 \
Supply Voltage Vee 5.75 6.0 6.25 v
Program Supply Voltage Vop 12.0 12.5 13.0 \"

Vee=6.0V£0.25V,

initial Program Pulse Width thw lvpp=125V+0.25V 0.95 1.0 1.05 ms
XouT
AQto A4
10017 >'< AH H Al DI DO
tew )
D mas
[e]3
Program Verify
- it

(Note) DO ; Dataoutput(l0toi7) AL Addressinput (A0 to A7)

D!, Data input (I0 to 17)

AH ; Address input

(A8 to A14)
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TOSHIBA UNDER DEVELOPMENT TMP87P808
ELECTRICAL CHARACTERISTICS
(1) 87P808
ABSOLUTE MAXIMUM RATINGS (Vss=0V)
PARAMETER SYMBOL CONDITIONS RATINGS UNIT
Supply Voltage Vop -03t06.5 v
input Voltage Vin -0.3toVpp+0.3 v
Output Voltage Vour -0.3toVpp +0.3 v
'0UT1 P1,P6 3.2 mA
1oL
Qutput Current (Per 1 pin) lourz P7 (High current port) 15 mA
IOH 'OUT3 P1, PG, P7 -1.8 mA
Z loyrs |P1,P6 50 mA
0L
Output Current (Total) 2 lourz | P7 (middle current port) 60 mA
1I0H | = lgurs |P1,P6,P7 30 mA
Power Dissipation  [Topr=70°C) PD 350 mw
Soldering Temperature (time) Tsid 260(105s) *C
Storage Temperature Tstg -55to0 125 *C
Operating Temperature Topr -401t0 85 °C
RECOMMENDED OPERATING CONDITIONS (Vss=0V, Topr=-40t0 85 °C)
PARAMETER SYMBOL PINS CONDITIONS Min. Max. UNIT
fcm | NORMAL mode
8MHz [IDLE mode 4.5
tcs | NORMAL mode .
Supply Voltage Voo 4.2 Mz [IDLE mode 2.7 5.5 v
STOP mode 2.0
Vims Except hysteresis input Vpp x0.70
Ving | Hysteresis input Vpp&4.5V Vop % 0.75
input High Voltage Vi3 2.7V3Vp<4asyV Vpo x0.90 Voo v
ViHa Vpp<2.7V Vpp x 0.95
Vi Except hysteresis input Vpp % 0.30
Vi | Hysteresisinput Vope4.5V Vpp % 0.25
Input Low Voltage 0 v
Vs -] 27V3Vpp<4asVv Vopx0.10
Vpp=4.5t05.5V 8.0
Ciock Frequency fc XIN, XOUT Vop=2.7t05.5V 1.0 2.2 MHz

(Note) Clock frequency fc : Supply voltage range is specified in NORMAL mode and IDLE mode.
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down) is contained.

A/D CONVERSION CHARACTERISTICS

(Topr =40 to 85 °C)

TOSHIBA UNDER DEVELOPMENT TMP87P808
D.C. CHARACTERISTICS {Vss =0V, Topr=-401to 85°C)
PARAMETER SYMBOL PINS CONDITIONS Min, | Typ. | Max. | UNIT
Hysteresis Voltage Vys | Hysteresis inputs - 09 - Vv
l TEST
input Current Iw1 Tri-state port Voo=5.5V 2 2
nput Curren ri-state ports - -
P LE £ Vin=5.5V/0V #A
w3 | RESET, STOP
Input Resistance Rinz2 | RESET 90 220 510 kQ
Output Leak Current iLo | Tri-state ports Vpp=5.5V,Voyr=55V =2 - 2 uA
Output High Voitage | Voua | Tr-state pors PortsP1, PG Vpp=4.5V, loy=-0.7mA 4.1 - - v
Low Output Voitage Voo | Except XOUT and P7 Vpp = 4.5V, lo . =3.06 mA - - 0.4 Vv
Low Output Current lows | P7 Vpp=4.5V,Vg =1.0V - 7 - mA
Supply Currentin Vpp=5.5V 9 '
NORMAL mode fc=8MHz A
m

Supply Currentin IDLE

PPlYy . ViN=5.3V/0.2v - 4 6
mode
S ly Cu tin Vpp=5.5V

upply rrentt DD _ 05 20 ,4A

STOP mode V|N=5.3 vV/0.2V

(Note 1)  Typical values show those at Topr =25 °C, VDD =5 V.

(Note2)  Input Current lIN1, IIN3 : The current through resistor is not included, when the input resistor (pull-up or pull-

PARAMETER SYMBOL CONDITIONS Min. Typ. | Max. | UNIT
\' 27 - v
Analog Reference Voltage AREF 20 \
Vass Vss - Vss
Analog Reference Voltage Range AV aner 2.7 - - Vv
Analog input Voltage Range Vain Vass - V AREF v
Analog Reference Current Iree - 0.5 1.0 mA
Nonlinearity Error (1) Vpp=2.7Vto55V - - +1
Zero Point Error (1) Vg = Vags=0.000V - - L LsB
Fuil Scale Error (1) VaRrer = 5.000V, 2.700 V - - 1
Total Error (1) - - +2
{Note) AVagrer = VARer - Vass
102715
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