TOSHIBA” TENTATIVE TMP87C405A
//%/) CMOS 8-BIT MICROCONTROLLER
P TMP87C405AM

QMUSA is high speed and high performance 8-bit single chip microcomputers to operate on low voltage and
i%\ low power consumption. This MCU contains ROM, RAM, input/output ports and multi-function
87 timer/counter.

Part No. ROM RAM PACKAGE OTP MCU OPERATION VOLTAGE RANGE
TMP87CA05AM 4K byte 256 byte SOP28-P-450-1.27 | TMP87P808M |2.7V10 5.5V at4.2 MHz
Features

@ 8-bit single chip microcomputer TLCS-870 series
€ Minimum instruction execution time : 0.5 us {at 8 MHz, gear
ratio1/1)
€ 129 types & 412 basic instructions
® Multiplication (8 bits x 8 bits, 16 bits + 8 bits)
: Execution time 3.5 us (at 8 MHz, gear ratio 1
/1))
# Bit manipulations
(Set/Clear/Complement/ Load /Store / Test / Exclusive or)
® 16-bit data operations
® 1-byte jump/call (Short relative jump /Vector call)
@ 9 interrupt sources (External : 4, Internal ; 5)
¢ 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
@ Input/Output ports (22 pins)
® High current output : 6 pins (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 (1to 16384 Hz)
@ Divider output function (frequency : 4 types)
@ Watchdog Timer
& 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: 2.7 to 55 V at 4.2 MH2/4.5 to 5.5 V at 8
MHz
4 Emulation pod : BM87C408MOA O\

980301E8P1 /\x

@ For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the chapters \J

entitled Quality and Reliability Assurance/Handling Precautions, W
@ TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductore

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physicaK ess.
It is the responsibility of the buyer, when utilizing TOSHIBA products, to observe standards of safety, anqot\o\ void
situations in which a malfunction or failure of a TOSHIBA product could cause loss of human life, bodil Mr‘\fﬁ?y or
damage to property. In developing your designs, please ensure that TOSHIBA products are used with%\}«ﬁf)ecnﬁed
operatmg ranges as set forth in the most recent products specifications. Also, please keep in mind th;/éecautions
and conditions set forth in the TOSHIBA Semiconductor Reliability Handbook. )

@ The products described in this document are subject to the foreign exchange and foreign trade laws;;\‘&}“

@ The information contained herein is gresented only as a guide for the applications of our products=No responsibility
is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other rights of the third
parties which may result from its use. No license is granted by Iimplication or ot erwise, Under any intellectual

@

SOP28-P-450-1.27

TMP87C405AM

?ropeny or other rights of TOSHIBA CORPORATION or others, AN
@ The information contained herein is subject to change without notice. —y q/)ﬂ
[
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Pin Assignments (TOP VIEW)
SOP28-P-450-1.27

XOUT ~—0}1 ~ 28 [ =— vDpD
XN ~—> ]2 27 [ -— RESET
TesT —[13 26 [ == P10 (INTO)
P67 —=[}4 25 [ > P11 {INT1)
pes ~>[]5 24 [T == P12 (INT2/7TC1)
(sTOP5) PES =[] 6 23 {1 == P13 (DVO)
(STOP4) P64 =[] 7 22 [ == P14 (PPG)
(STOP3) P63 =[] 8 21 [J == p15(TC2)
{(5TOP2) P62 <> []9 20 Q= P16
P61 =[] 10 19 [1 == p17
P60 =[] 11 18 [ = p72
P77 =>[1 12 17 [J > p73
{STOP/INT5) P76 ~>[] 13 16 [J == p74
vss —[114 15 [ == p75

Block Diagram
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il 11 1T I I

P 5 W I Stack Pointer I Dota Memory [ Program Counter I
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i TEST >
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’_L Standby Contraller <.{ Interrupt Controller —l {(ROM)
Clock Gear 1‘ T "‘
- | I
Timing Generator | Time Base 16-bit
Resonator . Timer Timer/Counters
Connemng{xom, igh Clock 101 | Tz instruction
Pins TT Register
frequency| Generator watchdoa y stiuction
A < } ~
[

[
o] [t

L 1L 1L
P67 " Pi7 P77
P86 to to
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to  to
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PR
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Pin Function

Pin Name Input/ Output Function
P17, P16 o 8-bit programmable input/output
.................................... creesenseeneen| Dort (tristates)
P15(TC2) /O (Input) Each bit of the port can be individually Timer/Counter 2 input
P14 (PPG) configured as an input or an output under Programmable pulse generator output
............................... 110 (Output) software control. When used as an
P13 (DVO) external interrupt input or a timer Divider output
.............................................................. counter input, the input mode is
Pi2ONTZITCD . configured. When used as a divider Bemalinterruptinout or TimenCounter vkt
P11 (INT1) 1O (Input) output or a PPG output, the latch mustbe | External interrupt input 1
............................... . setto "1" Bnd the outputmode iS B T L LT LT T T PP T TR
P10 (INTO) configured. External interrupt input 0
P67, P66 110 8-bit programmable input/output port
P65 (STOPS) .(trl-.st‘ates). Each 'bxt of the po‘r't can be
individually configured as an input or an
P64 (STOPS) output under software control. When
""""""""""""""""" /0 (Input) used as stop mode release input, the

input mode is configured.

6-bit programmable input/output port

P77 o (tri-states).
"""""""""""""""""" | Each bit of the port can be individually
P76 (STOP/INTS) 1O (Input) configured as an input or an output under | STOP mode release input/External interrupt 5 input
P75 10 P72 7o) When used as an external interrupt input,

the input mode is configured.

Resonator connecting pins for high-frequency clock.
XIN, XOUT input, Output . . . .

P P For inputting external clock, XIN is used and XOUT is opened.
RESET o Reset signal input or watchdog timer output/address-trap-reset output.
TEST input Test pin for outgoing test. Be tied to low.
vDD 2.7to5.5V
Power Supply

Vss 0V (GND)

87C405A-3
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Operational Description

1.  CPU Core Functions
The CPU core consists of @ 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 87C405A. In the TLCS-870 Series, the memory is organized 4 address spaces (ROM, RAM, SFR,
and DBR). It uses a memory mapped !/O system, and all I/O registers are mapped in the SFR/DBR address
spaces. There are 16 banks of general-purpose registers. The register banks are also assigned to the RAM

address space.
( 00Q0y b
SFR H 64 bytes
003F i
00?0 Register banks
i | 128bytes | | (gregistersx 16 banks)
00BF |....
00¢0
RAM i | 128 bytes Note: ROM; Read Only Memory includes :
Program memory
013F : RAM ., Random Access Memory includes :
Data memory
il = Stack
: General- purpose register banks
, OFFO0 i ) .
H SFR; Special Function Register includes :
DBR 8 bytes 110 ports
Peripheral hardware control registers
N OFF" Peripheral hardware status registers
= = System control registers
: : Interrupt control registers
F H Program Status Word
(" Fodo 3840 1 DBR; DataBuffer Register
i T bytes 7
FFQO | Y
rom| i 192 L
bytes Entry area for page
3 Vector table for call instruction
FFCO | 3 bytes J vector call instruction
EIF?ES . eeiieeeriennen] 2 {16 vectors)
interrupt vector table
\ FEFF 32 bytes ] (16 vectors)
87C405A

Figure 1-1. Memory address map
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1.2 Program Memory (ROM)

The 87C405A have a 4K bytes (addresses FODO to FFFFy) of program memory (mask programmed ROM).
Addresses FFO0 to FFFFy of program memory is also used for a special purpose.

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

(2)

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

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

3

Entry area{addresses FFOO to FFFFy) for page call instructions

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

Programs and fixed data are stored in the Address AOM
program memory. The instruction to be | F0% contents
executed next is read from the address L L
indicated by the current contents of the P T T Example: Therelationship
program counter (PC). There are relative jump ggtr::’::t: :g‘;\“&”
and absolute jump instructions. The concepts | FFOO group
of page or bank boundaries are not used in the ; instructions/Interrupt/
program memory concerning any jump L L Reset
instruction. CALLP 7BH ; PCeFF7By
Example The relationship between the FFB;F
jump instructions and the PC. FFCO Call vector (L) |56 CALLV OH ; PC«F856y
@ 5-bit PC-relative jump [JRS cc, $+2 +d] FFC1 | callvector(H) |F8
F8CAH: JRS T, $+2+08H FFC2
When JF =1, the jump is made to F8CEy, :
which is 08y added to the contents of the :
; FFDF
°C The p v e i of e | iy gl ws - scer
* | FFE1 linterrupt vector (H)| F3
therefore, in this case, the PC contents | rqp, nterrupt vector ()
are F8C4y + 2 = F8CHH.)
8-bit PC-relative jump [JR cc, $+2+d FFFD
@ F8CAH: IR ) $le+80H ! FFFE RESET P e FO3E
: . ¢
When ZF = 1, the jump is made to F846u, | |
o T e e e
u .
® 16-bit absolute jump [P al
F8C4H: JP 0F235H
An unconditional jump is made to
address F2354. The absolute jump
instruction can jump anywhere within
the entire 64K-bytes space.
87CA405A-5
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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 (87C405 : HL = FO00R)
LD A, (HY) ; A<ROM(HL)

Example2 : Converts BCD to 7-segment code (common anode LED). When A =05y, 924 is
output to port P1 after executing the following program.

a
ADD A, TABLE-$-4 ; P1¢ROM (TABLE + A) P ﬁb
LD (P1), (PC+A) AR
IRS T, SNEXT ; Jumpto SNEXT ehéc‘h
TABLE: DB OCOH, OF9H, OA4H, 0BOH, 99H, 92H, 82H, 0D8H, 80H, 98H d
SNEXT :
Notes: *$”isaheader address of ADD instruction. DB is a byte data SHIC A
definition instruction. L P (PC+A)
Example3 : N-way multiple jump in accordance with the contentsof ~ L_____: 34
accumulator (0 = A =3). ;:
SHLC A ; if A=O0y then PCe—F234y |77 777 F3 |
P (PC+A) if AsO1y then PC&F378y [____ .23 37 ]
if A=02y then PC&FA37y ;’3
if A=03y then PC&F1BOy F1
DW QF234H, OF378H, OFA37H, OF1BOH T o ———

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

1.3 Program Counter (PC)

The program counter (PC) is a 16-bit register which indicates the program memaory address where the
instruction to be executed next is stored. After reset, the reset vector stored in the vector table
(addresses FFFFy and FFFEY) is loaded into the PC; therefore, program execution is possible from any
desired address. For example, when FOy and 3Ey are stored at addresses FFFFy and FFFEy, respectively,
the execution starts from address FO3E 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 F123 is being
executed, the PC contains F1254.

MsB LS8 )
1514131211109 8 7 6 543 21 0 Program Counter :X a X a+1 X a+2 X a+3 X:
Program Counter (PC)
PCy PC, Instruction Execution X a-2 X a-1 X a X a+i
(a) Configuration (o) Timing chart of PC counters and Instruction Execution

Figure 1-3. Program counter
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1.4 Data Memory (RAM)
The 87C405A has a 256 bytes (addresses 0040 to 013Fy) of data memory (static RAM). Figure 1.4 shows
the data memory map.
Addresses 0000 to O0FFy 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 1 : If bit 2 at data memory address 00COH is “1”, 00y is written to data memory at
address 00E3y; otherwise, FFy is written to the data memory at address 00E3y.
TEST (00COH).2 ; if {00C0L); = 0thenjump
JRS T,SZERO
CLR (0DE3H) ; (DOE3y)e-00y
RS TSNEXT
SZERO: LD (0OE3H), OFFH ; (0DE3p)eFFy
SNEXT :
Example 2 : Increments the contents of data memory at address 00F5y, and clears to 00y when
10y is exceeded.
INC (00F5H)
AND (OOF5H), OFH

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

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

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

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

Example1 : ClearsRAM to 0 except the bank 0

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

LD AR ; Setsinitial data (A)

LD BC, 0OF7H ; Sets number of byte to BCregister pair
SRAMCLR: LD (HL+), A

DEC BC

JRS F, SRAMCLR

Note: “$”isa 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.

87C405A-7
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Address
0040y
0050
0060
0070
0080
0090
00A0
00BO
00C0
00D0
00EO
00F0
0100
0110
0120
0130

TMP87C405A

0 1t 2 3 4 5 6 7 8 9 A B C D E F

Register bank 0 Registerbank1 , A

Register bank 2 “Registerpank3 .
""""" Register pankd | Register bank 5
..... < 'Reg|§tey E’ank..ﬁ.'..‘ 'i{‘eg|;{e.i;5.aak‘}.“.“.
..... I;Regi;ter ;ar.\'kjio Reglsterbankn : Direct addressing area
""" Register bank 13

15

Register bank

Figure

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.

1-4. Data memory map

Bank 0 (0040 to 0047})

(a) Configuration

Bank 15 (00B8 to 008Fy)
Bank 14 (00BO to 00B7y)

Bank 13 (00AS to 00AF,)
Bank 12 (00AO to 00A7y)

Bank 4 (0060 to 0067)
Bank 3 (0058 to D05Fy)
Bank 2 (0050 to 0057y)
Bank 1 (0048 to 004F )

(b) Address assignments of registers

Example : Bank 0

(0047y,) : (00464)

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

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

Examples: @ ADD A, B ; Adds B contents to A contents and stores the resultinto A,
@ SUB WA, 1234H ; Subtracts 1234, from WA contents and stores the result into WA,
<) SUB E A ; Subtracts A contents from B contents, and stores the resultinto 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.

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

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

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

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

® LD A, (-HL) ; Decrement HL. Thenloads the memory contents at the address

specified by new HLinto 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, m ; m=n-1(n: Number of bytes to transfer)
LD HL, DSTA ; Sets destination address
Lo DE, SRCA ; Setssource address
SLOOP: LD (HL), (DE) i (HL) «(DE)
INC HL 5 HL&HL+1
INC DE ; DE«DE+1
DEC B ; BeB-1
JRS F, SLOOP ; if B20 thenloop

(3) 8, 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.

Examplet : Repeatprocessing

Lo B, n ; Sets n asthe number of repetitions
swerear: | procesing

DEC B

JRS F, SREPEAT

Example2 : Division (16-bit + 8-bit)
DIv WA, C ; Divides the WA contents by the C contents, places the
quotient in A and the remainder in W.

87CA05A-9
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The general-purpose banks are selected by the 4-bit register bank selector (RBS). During reset, the RBS is
initialized to “0“. The bank selected by the RBS is called the current bank.

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

Example 1 : Incrementing the RBS
INC  (003FH) ; RBS«RBS + 1
Example2 : Readingthe RBS
LD A, (003FH) ; A« RBS (The flags are simultaneously read in thisinstruction.)

Righly 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)}

; 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
The register bank selector (RBS) is a 4-bit register used to select LA B - ! - g

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

configuration
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1.6.2 Flags (FLAG)
The flags are configured with the upper 4 bits : a zero flag, a carry flag, a halif 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 [IR c¢, $ + 2 +d], [JRS cc,
$ + 2 +d]. Afterreset, the jump status flag is initialized to “1", other flags are not affected.

(1) Zero flag (2F)
The ZF is set to “1" if the operation result or the transfer data is 00y (for 8-bit operations and data
transfers)/0000y (for 16-bit operations); otherwise the ZF is cleared to “0”.
During the bit manipulation instructions, the ZF is cleared to “0” if the contents of the specified bit is
“1". This flag is set to “1" when the upper 8 bits of the product are 004 during the multiplication
instruction, and when 00y for the remainder during the division instruction; otherwise it is cleared
to "0".

(2) Carryflag(CF)
The CFissetto “1“ when a carry occurred during addition or a borrow occurred during subtraction;
otherwise the CF is cleared to “0”. During division, this flag is set to “1” when the divisor is 00y
(divided by zero error), or when the quotient is 1004 or higher (quotiont-overflow error). The CF is
also affected during the shift/rotate instructions. The data shifted out from a register is set to the CF.
This flag is also a 1-bit register (a boolean accumulator) for the bit manipulation instructions.
Set/clear/invert are possible with the CF manipulation instructions.

Example : Bit manipulation (The result of exclusive-OR between bit 5 content of address 07y and
bit 0 content of address 9Ay is written to bit 2 of address 01}.)

LD CF, (0007H).5 i (00014)2 «—(00074)5 ' (009A )0
XOR CF, (009AH).0
LD (0001H) . 2, CF

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

Example: BCD operation
(The A becomes 47y after executing the following program when A = 19y, B =284.)
ADD A B ; Ae41y, HFe«1,CF=0
DAA A ; Ae41y + 06y = 47y (decimal-adjust)

(4) Jump status flag (JF)
The JF is usually setto “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 "17 by theimmediately preceding
: instruction, making it an unconditional jump
instruction.
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Example :The accumulator and flags becomes as shown below after executing the following instructions
when the WA register pair, the HL register pair, the data memory at address 00C5y, the carry flag
and the half carry flag contents being “219A4", “00C54", "D7x", “1", and “0", respectively.

Instruction A“‘;’;‘t‘;'ram' Fiag after execution Instruction Acc:rfntzlrator Flag afterexecu'tion
execution | JF i ZF { CF i HF execution | JF { ZF { CF i HF

ADDC A, (HL) 72 1 : V] 1 1 INC A 98 0 0 1 0
SUBB A, (HL) Q2 1 0:1:0 ROLC A 35 1 ‘ 0 : 1 0
CMP A, (HL) A |oioiitio RORC A @ |[oioio 0
AND A, (HL) 92 0 0 { 1 : 0 ADD WA, 0F508H 16A2 1 H 0 1 0
LD A, (HL) D7 1 0 1 0 MUL W, A 13DA 0 0 1 0
ADD A, 86H 00 1 1 1 1 SET A5 BA 1 101 0

1.7 Stack, Stack Pointer

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

1.7.2 Stack pointer (SP)
The stack pointer (SP) is a 16-bit register to point out the first
start address on the stack. The SP is post-decrement when a ':’:514 e es a2 o"“
subroutine call or a push instruction is executed, or when an -
interrupt is accepted; and the SPC is pre-incremented when a I Stack Pointer (SF) I
return or a pop instruction is executed. The stack deepens to Figure 1-7. Stack pointer
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).

Example 1:To initialize the SP

LD SP, 013FH ; SPe-D13Fy
Example 2 : TO read the SP
s} HL, SP ; Hle-SP
87C405A-12
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At acceptance
of interrupt
At execution of or At execution of
a CALL/CALLV/CALLP at execution of At execution of a RETVRETN
instruction a SWl instruction aRET instruction instruction
o136, o136,
0130 013D PC.
013E 013€ PCq
013F O13F | P 0040,
Stack
depth
SP before :
execution 013;" 01:;':” o1 {}
Sreastion 013Cy 013F,
(a) Stacking order (b) Stack depth

Figure 1-8. Stack

1.8 System Clock Controller

The system clock controller consists of a clock generator, a timing generator, a clock gear, and a stand-by

controller.

Clock gear control register

Timing generator control register

Clock generator control

. . dock . | cr | | merer |
E : generator E“”%WOMGH
_"l XIN e fegeks
| T I:] | High-frequen i Timin
] [ g q o i Clock gear ¢ Stand-by controller
’_H T [j clock oscillator generator
o T IEEE
OO e
System clocks
0038y 0039y
| syscri || syscrz |

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.

XIN XOUT XIN
J
(open)
T{‘q %
7 7

(a) Crystal/Ceramic (b) External oscillator
resonator

XouT

[EPIPN

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 puise. 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, fc/2, /4 and f/8. Power consumption can
be redued by switching of the high-frequency from fc to fo/2, fud and fo/8. The clock gear consists of a

divided-by-8 prescaler with a mutiplexer.

Prescaler
High frequency >——|1 | 2 |3
clock
fu8
fc/4 _________._f_c_gﬁ». Timing generator
MPX
fd2
fc
ﬁ 000304
Clock gear control register Note : MPX; Multiplexer

Figure 1-11. Configuration of clock gear

87C405A-14
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CGCR z & R 4. 3 2 1 o
[} N .
(00030, L2 [ o §o. { gk | (nitial value : 000+ 1000)
FCGCK Gear clock selection (write) Oxx* : reserved
/ gear clock monitor (read) 1000 : fc

1001 : fo2
1010 : fc/d
1011 :fu/8 RAW

1100 : reserved
1101 :reserved
111* :reserved

Notel: fc; High-frequency clock *; don’tcare
Note2: Bit4in CGCRis always read in as 1" when a read instruction is executed,
Note3: Always set bit 7 to 5 to “0“

Figure 1-12. Clock gear control register

%% N p IR py S|y TN s SN A

e TUTLLULULLAN AR 1

FCGCK © 1000 G X 1011 ;
Instruction x LD (CGCR), 0By X X
execution :

fegek =f¢ i Gear clock changing fegek = fug

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

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 warm-up clocks for releasing STOP mode

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

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

87C405A-15
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CLOCK Gear |fegck Machine cycle counters l

Prescaler Divider Divider

fe28
High-frequency | _fc fc/4
clock 112 2{3|4)516 7|8

9 ho! 14[15{16{17118

11|12|13 |9}20|21

Stand-by
controller

Watchdog
Timer

Counters

Timer/ b—»]

b
TSI, A

Timer Base
Timer

Divider
output circuit

Figure 1-14. Configuration of timing generator

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

1/ fegek [s]
[ e !

Main System Clock I | “ l ‘ | I | I ] J | | L_

s0 | st S2 s3 so | st ] sz | s3 |

State

— -

re—————Machine cycle ———————>|

Figure 1-15. Machine cycle

Table 1-1. Machine cycle example

Frequency Machine ¢ycle
fegek = fe fegek = fo/2 fegek = fe/d fegek = o8
fc=8 MHz 0.5 48 145 25 4 us
fc=4 MHz 15 24 4 us 8 s
87C405A-16
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1.8.4 Stand-by controller
The stand-by controller starts and stops the oscillation circuits. These modes are controlled by the system
control registers (SYSCR1, SYSCR2). Figure 1.16 shows the operating mode transition diagram and Figure
1.17 shows the system control registers.

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

@ NORMAL mode
In this mode, both the CPU core and on-chip peripherals operate. The TMP87C408 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 contro! register 2, and IDLE mode is
released to NORMAL mode by an interrupt request from on-chip peripherals or external
interrupt inputs. When IMF (interrupt master enable flag) is 1" (interrupt enable), the
execution will resume upon acceptance of the interrupt, and the operation will return to
normal after the interrupt service is completed. When IMF is “0” (interrupt disable), the
execution will resume with the instruction which follows IDLE mode start instruction.

@ STOP mode
In this mode, the internal oscillation circuit is turned off, causing all system operations to be
halted. The internal status immediately prior to the halt is held with the lowest power
consumption during this mode. The output status of input output ports can be set to either
output hold or high-impedance under software control.
STOP mode is started by the system control register 1, and STOP mode is released by STOP
input pin (either level-sensitive or edge-sensitive can be selected). After the warming-up
period is completed, the execution resumes with the next instruction which follows the
STOP mode start instruction.

RESET

reset release

instruction instruction
IDLE mode NORMAL > STOP mode
mode -
interrupt release input

Single Clock Mode Transition Diagram

Operatin Oscillation Peripheral Machine cycle
P < L CPU core _p . X 4
mode circuit circuit time

RESET reset reset

turning on
NORMAL oscillation operate 4/fcgek [s]
N . operate
IDLE
halt
Turning off —_
STOP oscillation halt

Figure 1-16. Operating mode transition diagram

87CA05A-17

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6146010/tmp87c405am.html

TOSHIBA TMP87C405A
System Control Register 1
0
CRI
(SJOSE,GH) [srorfrem| o Jourew] wpr | ¢ (Initial valye: 0000 00%+)
0 : CPU core and peripherals remain active
STOP STOP tart
° mode sta 1 : CPU core and peripherals are halted
RELM Release method for STOP 0 : STOP pin input rising edge release
mode 1: STOP pininput “H" level release
ouTeEN |Port output control during 0 : High-impedance R/W
STOP mode 1 : Remain unchanged
. X 00: 3x2'"/fc
Warming-up time at 01: 28/ fe
WUT
releasing STOP mode 10: 3x2%/fe
11: 2%/ fc
Note1: Alwayssetbit5to "0". .
Note2: Bits1,0inSYSCR1is read in as undefined value when a read instruction is executed.
Note3: fc ; «dock [Hz]
* ; don’t care
Noted:  When the STOP mode is started by specifying OUTEN =07, the internal input of port is fixed to “0”

SYSCR2
(00339y)

and the interrupt of the falling edge may be set.

System Control Register 2

5 4 3.2 1

[xen ] o | o ||o|.s|""

(Initial value: 1000 #x*=)

XEN

<o

‘High-frequency oscillator : Turn off oscillation
control 1 : Turn on oscillation

0 : CPU, WDT operate
(DLE | IDLE mode start 1 : CPU, WDT halt (IDLE mode start)
Note1:  Aresetisapplied if XEN is cleared to 0",
Note2: Alwayssetbit6, 5to “0”.
Note3:  WDT, Watchdog timer, *,don’tcare
Noted: Bits3to0inSYSCR2 are readin as ”1” when a read instruction is executed.

Figure 1-17. System control registers 1,2
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1.8.5 Operating mode control
(1) STOP mode (STOP)
STOP mode is controiled by the system control register 1 and the STOP pin input. The STOP pin is also
used both as a port P76 and an INT5 (external interrupt input 5) pin. The STOP mode is started by
setting STOP (bit 7 in SYSCR1) to “1”. During STOP mode, the following status is maintained.

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

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

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

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

STOP mode includes a level sensitive release mode and an edge-sensitive release mode, either of
which can be selected with RELM (bit 6 in SYSCR1).

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

Example : Starting STOP mode with an INT5 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 (IL), 1110011101010111B  ; IL7, 5, 3 « O {clearsinterrupt latches)
SINTS : RETI

2
LL

XoUTpin | . Ui
)

NORMAL STOP mode ——»{ Warm-up  ->e— NORMAL operation
at

STOP pin \ v 7|;[ Vin \
|

operation
Confirm by program th STOP mode is release by the hardware.

thzslﬁ: é!_i_réil;lPUt;S low Always released if the STOP
ancsta mode. pininputis high.

Figure 1-18. Level-sensitive release 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.

87C405A-19
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b. Edge-sensitive release mode (RELM = “0")
In this mode, STOP mode is released by a rising edge of the STOP pin input. This is used in
applications where a relatively short program is repeatedly executed at periodic intervals. This
periodic signal (for example, a clock from a low-power consumption oscillator) is input to the
STOP pin.
In the edge-sensitive release mode, STOP mode is started even when the STOP pin input is high.

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

LD {SYSCR1), 000000008 : OUTEN ¢~ 0 (specifies high-impedance)
bl ; IMFe0
SET (SYSCR1). STOP ; STOP ¢ 1 (activates STOP mode)
Lbw (iL), 11100111010101118 ; IL7,5, 3 «~0(clears interruptlatches)
El ;5 IMFe1
. %
o HEEA Viy \ \
STOP pin ! 1 {5
(¢ : 7

77
XOUT pin HI HI ”” ”
I NORMAL

g;?eﬁmlﬁ —7<——~— STOP mode ~—>j< Warm-up >\ goeration -754—-—- STOP mode  ——

STOP mode started
by the program.

4 prog STOP mode is released by the hardware at the rising
edge of STOP pininput.

Figure 1-19. Edge-sensitive release mode

STOP mode is released by the following sequence:

@ The oscillator is turned on.

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

® When the warming-up time has elapsed, normal aperation resumes with the instruction
following the STOP mode start instruction. The start is made after the divider of the timing
generator is cleared to "0".

Table 1-2. Warming-up time example

Warming-up Time [ms]
WUT at fc=4.194304 MHz atfc=8 MHz
00 46.87 24.57
01 15.62 8.19
10 .73 6.15
11 3.91 2.05

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

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

B7C405A-20
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Note :

When STOP mode is released with a low hold voitage, the following cautions must be
observed.

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

input).

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

(2

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

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

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

Starting IDLE mode.
(SYSCR2) .4

Example :
SET

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

a. Norma! 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.

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

{ Starting IDLE mode J
by instliuc!ion

I CPU, WDT are halted J

Reset input
No
Interrupt request
Normal ) v
es

release mode

Yes (Interrupt release mode)

[ Interrupt processing

e

Execution of the
instruction which follows
the IDLE mode start
instruction

v

Figure 1-21. IDLE mode

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

which started IDLE mode.

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

reset operation.

started.

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

87C405A-22
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1.9 Interrupt Con

The 87C405A has a total of 9 interrupt sources: 4 externals and 5 internals. Nested interrupt control with
priorities is also possible. Two of the internal sources are pseudo non-maskable interrupts; the

troller

remainder are all maskable interrupts.

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

controller.

Table 1-3. Interrupt sources

Interrupt Source Enable Condition Interrupt  |Vector Table Priority
Latch Address
IS;S;P:;,’ (Reset) Non-Maskable —_ FFFEW High ©
Internal | INTSW  (Software interrupt) Pseudo non- —_ FFFCy 1
Internal | INTWDT (Watchdog timer interrupt) maskable L FFFAy 2
External |INTO (External interrupt 0) IMF =1, INTOEN =1 L3 FFF8y 3
Internal | INTTC1  (16-bit timer/counter 1interrupt) [IMF:EFg=1 ILg FFF6y 4
External |INTH (External interrupt 1) IMF - EFg =1 ILs FFFay 5
internal | INTTBT (Time base timer interrupt) IMF-EFg=1 ILg FFF2y 6
External |INT2 (External interrupt 2) IMF-EF7=1 Ity FFFOy 7
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
Internal | INTTC2  (16-bit timer/counter 2interrupt) |IMF-EFz=1 1Lyg FFE2y4 8
External | INTS (External interrupt 5) IMF«EFyg=1 ILys FFEOH Low 9
87C405A-24
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(1) Interrupt latches (ILj5 to IL2)

Interrupt latches are provided for each source, except for a software interrupt. The latchissetto “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 : Clearéintérruptlatches
LDW (IL), 1111110100111111B; ILg to ILge-0
Example2 : Readsinterruptlatches

LD WA, (IL) s Welly, Al
Example3 : Testsaninterruptlatch
TEST (IL).7 Ity = 1 then jump
JR F,SSET
SSET:
87C405A-25
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(2) Interrupt enable register (EIR)

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

The EIR consists of an interrupt master enable flag (IMF) and individua!l interrupt enable flags (EF).
These registers are assigned to addresses 003Ay and 003By in the SFR, and can be read and written
by an instruction (including read-modify-write instructions such as bit manipulation instructions).

@ Interrupt master enable flag (IMF)
The interrupt master enable flag (IMF) enables and disables the acceptance of all interrupts.
Clearing this flag to 0" disables the acceptance of all maskable interrupts. Setting to “1”
enables the acceptance of interrupts.
When an interrupt is accepted, this flag is cleared to “0” to temporarily disable the
acceptance of maskable interrupts. After execution of the interrupt service program, this
flag is set to 1" by the maskable interrupt return instruction [RET!] to again enable the
acceptance of interrupts. If an interrupt request has already occurred, interrupt service
starts immediately after execution of the [reti] instruction.
Pseudo non-maskable interrupts are returned by the [RETN] instruction. In this case, the IMF
is set to “1” only when pseudo non-maskable interrupt service is started with interrupt
acceptance enabled (IMF=1). Note that IMF remains “0” when cleared in the interrupt
service program.
The IMF is assigned to bit 0 at address 003Ay in the SFR, and can be read and written by an
instruction. IMF is normally set and cleared by the [El] and [DI] instructions, and the IMF is
initialized to “0” during reset.

@ Individual interrupt enable flags (EFq5 to EFg)
These flags enable and disable the acceptance of individual maskable interrupts, except for
an external interrupt 0. Setting the corresponding bit of an individual interrupt enable flag
to “1” enables acceptance of an interrupt, setting the bit to “0” disables acceptance.

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

LDW (EIR), 1100000010100001B ; EFy5, EF14, EF7, EFs5, IMFe1
Example2:  Setsan individual interrupt enable flag to “1

SET (EIRH).1 ;  EFge-1

Interrupt latch 15 14 13 12 11 10 9 8 7 6 5 4 3
(003CH1003DH)FIL|5 Pllga: 0 : 0 : 0 : 0 g 0 [y :lg :lig  ILg i g :
\

1L (003Cw)
(initial value : 00000000 000000*+*)

. ILy (003D)
interrupt enable register
1 H H H : H B B B B H
(oogAs‘%Q:;BH)fEF’IS iEFia. O : O : O : O :EFg: O | EFy i EFg : EFs i EFg |
EIRL (003AL)
(Initial value : 00000000 0000+ +*0)

. [me ]

EIRy (003By)

Note 1: Do not use any read-modify-write instruction such as bit manipulation for clearing IL.
Note2: Do notclearthe IL2 by an instruction.
Note 3: Do notset IMFto “1” during non-maskable interrupt service programs.

Figure 1-24. Interrupt latch (IL) and interrupt enable register (EIR)
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1.9.1 Interrupt sequence
An interrupt request is held until the interrupt is accepted or the interrupt latch is cleared to “0" by a
reset or an instruction. Interrupt acceptance sequence requires 8 machine cycles after the completion of
the current instruction execution. The interrupt service task terminates upon execution of an interrupt
return instruction [RETI] (for maskable interrupts or [RETN](pseudo non-maskable interrupts). Figure 1-
25 shows the timing chart of interrupt acceptance and interrupt return instruction.

(1) _Interrupt acceptance processing
@ 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, PCh, PCL). The contents of Stack Pointer (SP) is
decreased by 3.

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

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

Interrupt service task

1 machine cycle

|<—>||!|||||||§||SS|||||||

13
Interrupt | A.I

signal

Interrupt
latch

IMF

d
» ‘ \ :
ggéﬁﬁé%mﬂ Interrupt acceptonce mragon WA X Remlinstructionexecution X
f
’  a . O E LD ST O 3 a0
5 " n-3 oK) :
Note1: a;returnaddress b entry address ¢ ; address when the RET! instruction is stored

Note2: The maximum response time from when an IL is set until an interrupt acceptance processing starts is
38tfcgekls]. It equals to setting the IL on the first machine cycle in 10 cycles instruction execution.

Figure 1-25. Timing chart of interrupt acceptance and interrupt return instruction

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

Vector table address Entry address

F2034
F204y

FFF2y
FFF34
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A maskable interrupt is not accepted until the IMF is set to “1” even if a maskable interrupt of higher
priority than that of the current interrupt interrupt being serviced. When nested interrupt service is
necessary, the IMF is set to "1" in the interrupt service program. In this case, acceptable interrupt
sources are selectively enabled by the individual interrupt enabie flags. However, an acceptance of
external interrupt 0 cannot be disabled by the EF, therefore, if disablement is necessary, either the
external interrupt function must be disabled with the external interrupt control register (INTOEN) or
interrupt processing must be avoided by the program. (When INTOEN =0, the interrupt latch IL3 is
not set, therefore, the falling edge of the INTO pin input cannot be detected.)

Example 1 : Disablesan externalinterrupt 0 using INTOEN:
CLR (EINTCR). INTOEN ;INTOEN&O
Example2 : Disablesthe processing of external interrupt 0 under the software control (using bit 0
at address O0FOH as the interrupt processing disable switch):
PINTO : TEST (00FOH).0 ; Returnswithoutinterrupt processing if (00FOR)o = 1.
JRS T, SINTO
SINTO :
VINTO:  DW PINTO

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

Example : Register Bank Changeover
PINTxXX : LD RBS, n H S_witches to bank n (1 s at 8 MHz)

Restores bank and Returns
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® General-purpose register save / restore using push and pop instructions:
To save only a specific register, and when the same interrupt source occurs more than once,
the general-purpose registers can be saved/restored using push/pop instructions.

Example : Register save using push and pop instructions

PINTxx : PUSH WA ; Save WA register pair
; Save HLregister pair

; Restore HL register pair
; Restore WA register pair

; Return
... Address (Example)
“|o1384
0139
lot3a
0138
. 1ol 013¢C
Pl ke 013D
e PCHL |03
LW |013F
At acceptance of At execution of a push At execution of a pop At execution of an interrupt
aninterrupt instruction of WA instruction of WA return instruction
register register

® 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 asingle interrupt.

Example: Saving/Restoring registers by data memory transfer instructions

PINTxx : ; Save Aregister
; Restore A register
RET! ; Return
Main task Main task
Acceptance  Interrupt Acceptance  Interrupt
Bank m {ofinterrupt  servicetask ofinterrupt  servicetask

Saving
registers

Switch to bank nby
[LD RBS, n} instruction

A Sraes—— Restore bank d
Int n N N .

[ m nterrupt retur automatically by \ Restoring
interrupt return k registers
instruction = [ AN

Interrupt return
(a) Saving/ Restoring by register bank changeover (b) Saving/Restoring using push/pop transfer instructions

Figure 1-26. Saving/restoring general-purpose registers
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(3) Interruptreturn .
The interrupt return instructions perform the following operations.

[RETI] Maskable interrupt return

[RETN] Non-maskable interrupt return

@ The contents of the program counter and

the program status word are restored
from the stack.

@ The stack pointer isincremented 3 times.

Q@ 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 pointer is incremented 3 times,

The interrupt master enable flag is set to

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

interrupt service program.

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

Note: When the interrupt processing time is longer than the interrupt request generation time,

the interrupt service is performed but not the main task.

1.9.2 Software interrupt (INTSW)
Executing the [SWI] instruction generates a software interrupt and immediately starts interrupt
processing (INTSW is highest prioritized interrupt). However, if processing of a non-maskable interrupt is
already underway, executing the SWi instruction will not generate a software interrupt but will resultin
the same opetration as the [NOP] instruction.

Note : Software interrupt generates during non-maskable interrupt processing to use SWI

instruction for software break in a development tool.

Use the [SWI] instruction only for detection of the address error of for debugging.
@ Address error detection

FFy is read if for some cause such as noise the CPU attempts to fetch an instruction from a
non-existent memory address. Code FFy is the SWI instruction, so a software interrupt is
generated and an address error is detected. The address error detection range can be
further expanded by writing FF4 to unused areas of the program memory. Address-trap-
reset is generated for instruction fetch from a part of RAM area (addresses 0040 to 013Fy) or
SFR area (0000 to 003Fy).

Note : The fetch data from addresses, BF80 to BFFFy for 87C405A 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 87C405A 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 interruptinput pin or an input/output port, and is configured as an input port during reset.

Edge selection, noise rejection control and INTO / P10 pin function selection are performed by the
external interrupt control register.

Table 1-4. Externalinterrupts

Source Pin ,35.2“’;‘,’;";{, 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
INT1 INT1 P11 IMF-EFg=1 Falling edge equal to or more than 48/fc [s] or
or 192/fc [s] are regarded as signals.
Rsingedge | O e as eise. Pulses auua fo
INT2 INT2 P12/7C1 IMF - EFy =1 or more than 24/fc [s] are regarded
as signals.
INTS INTS P76/STOP |IMF:EF5=1 Fallingedge | ~ (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 INTS5 pins must be over 1
machine cycle.

INTO/INTS input tnTL tinte > teye
Lonnes  NOte : teyc = 4/fcgek [s] at NORMAL, IDLE mode

tnTL HUNTH

Note 3 : If a noiseless signal is input to the external interrupt pin in the NORMAL or IDLE mode, the
maximum time from the edge of input signal until the IL is set is as follows:
@ INT1 pin 49/fc [s] (at INTINC = 1), 193/fc [s] (at INTINC = 0)
@ INT2 pin 25/fc [s]
Note 4 : When INTOEN =0, the interrupt latch IL3 is not set even if the falling edge of INTO pin input is
detected.

Example : Activating stop mode
LD  (SYSCR1), 01000000B ;  OUTENe«O (Specifies High-impedance)
Di ; IMFe0
SET (SYSCR1), STOP ; STOP«1 (Activates STOP mode)
LDW (L), 1111111101010111B . 17,5, 30 (Clears interrupt latches)
El ; IMFe=1

87C405A-32

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6146010/tmp87c405am.html

TOSHIBA TMP87C405A

S 4 3 2 1

7 6
EINTCR M Re7 T iNT0 INTZ : INTT |
(0037y) Lu.c__Lm.J LiL—iiJ

(Initial value :  00*0 000+%)

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

INTINC | INT1 noise reject time select 1 : Pulses of less than 15/c [s] are eliminated as noise
] . . 0 : P10input/output port
INTOEN | P10/INTO pin configuration 1 : INTO pin (Port P10 should be set to an input mode.) W
INT2 ES 0 : Rising edge
INT2, INT1 edge select .
INT1ES 1 : Falling edge
Note: fc ; High-frequency clock [Hz] * ; don't care

Figure 1-27. External interrupt control register

1.10 Watchdog Timer (WDT)
The Watchdog Timer rapidly detects the CPU malfunction such as endless looping caused by noise or the
like, and resumes the CPU to the normal state.
The Watchdog Timer signal for detecting malfunction can be selected either a reset output or a non-
maskable interrupt request. However, selection is possible only once after reset.
After reset, the signal is initialised to the reset output.
When the Watchdog Timer is not being used for malfunction detection, it can be used as a timer to
generate an interrupt at fixed intervals.
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1.10.1 Watchdog timer configuration

Reset release

fo/ 28— 'é Binary Counter
fes2t0 —= © | Clock R
é;zw P O_W_lﬁo_W_:D_!v_DIoutput Reset output
A e
fr2n T2 | cear | |2 [T D—s_o-D>—reer

Interrupt request
2// I —JD___.p_ﬂ.__» INTWDT

internal reset -

)

Q
R
WDTEN ﬁ Writi iti
WOTT riting Writing WDTOUT

disable code |clear code

Controller
0034Hi [ 0035y
| wotert | [ worcrz |

Watchdog Timer Control Registers

Figure 1-28. Watchdog timer configuration

1.10.2 Watchdog timer contro!
Figure 1-29 shows the Watchdog Timer control registers. The Watchdog Timer is automatically enabled
after reset. .

(1) Malfunction detection methods using the watchdog timer

The CPU malfunction is detected as follows.

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

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

LD (WDTCR2), 4EH ; Clears the binary counters
LD (WDTCR1), 000011018 ; WDTT&10, WDTOUT«1
Within 3/4 LD (WDTCR2), 4EH ; Clearsthe binary counters
of WDT (Always clear immediately after changing WDTT)
detection i
time i .
LD (WDTCR2), 4EH ; Clearsthe binary counters
Within 3/4 H .
of WDT
detection i X
time LD (WDTCR2), 4EH ; Clears the binary counters
87C405A-34
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Watchdog Timer Control Register 1
6.5 .4 .3 2 1 0
{ [wor]  womr [Wor| (Initial value ==xx 1001)

WDTCR1
{00344)
Watchdog timer enable / 0 : Disable (itis necessary towrite the disable code to WOTCR2.)
WDTEN .
disable 1: Enable
00:2%/f¢ [s]
Watchdog timer detection | 01:2%/4c write
WOTT  |time 10: 22/ 4c only
i1:2%/fc
WDTOUT Watchdog timer output 0 : Interrupt request
select 1 : Reset output

Note 1:  WDTOUT cannot be set to “1” by program after clearing WDTOUT to "0

Note2: fc; High-frequency clock[Hz] +; dan't care

Note3: WDTCRI1 isa write-only register and must not be used with any of read-modify-write instructions.

Noted: Disable the Watchdog Timer or clear the counter just before switching to STOP mode.
When the counter is cleared just before switching to STOP mode, dlear the counter again
subsequently to releasing STOP mode.

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

Voassrs T 11T T (itialvalue wees was)
4Ey  : Watchdog Timer binary counter clear
. (clear code) .
WDTCR2 Watchd_og T'.mer control Bly : Watchdog Timer disable wnlte
code write register . only
(disable code)
Others : invalid

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

Note2: «; don'tcare

Note3: Since WDTCR2 is a write-only register, read-modify-write instructions (e.g.. bit manipulating
instructions such as SET or CLR and arithmetic instructions such as AND or OR) cannot be used for
read / write to this register,

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

Figure 1-29. Watchdog timer control registers

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

during reset, so the Watchdog Timer operates immediately after reset is released.
(3) Watchdog timer disable
The Watchdog Timer is disabled by writing the disable code (B1n) to WDTCR2 after clearing WDTEN
(bit 3 in WDTCR1) to “0“. The Watchdog Timer is not disabled if this procedure is reversed and the
disable code is written to WDTCR2 before WDTEN is cleared to “0”. During disabling the Watchdog
Timer , the binary counters are cleared to “0”.
Example: Disables Watchdog Timer
LDW (WDTCR1), 0B101H ; WDTEN«0, WDTCR2¢disable code

Table 1-5. Watchdog timer detection time

Detection time
WDTT fc=8MHz
00 4.194s
01 1.048¢
10 262.1ms
11 65.5 ms
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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. Ifa
Watchdog Timer interrupt or a software interrupt is already accepted, however, the new Watchdog
Timer interrupt waits until the previous interrupt processing is completed (the end of the [RETN}
instruction execution).
The stack pointer (SP) should be initialized before using the Watchdog Timer output as an interrupt

source with WDTOUT.
Example: Watchdog Timer interruptsetting up.
LD SP, 013FH ;  Setsthestack pointer

LD (WDTCR1), 00001000B ; WDTOUTe0Q

1.10.4 Watchdog timer reset
If the Watchdog Timer output becomes active, a reset is generated, which drives the RESET pin low to
reset the internal hardware. The reset output time is 12/fcgck to 16/fcgck [s] (1.5t0 2.0 usat 8 MHz, 3.0 to
4.0 45 at 4 MHz, gear ratio 1/1). The RESET pin issink open drain input/ output with pull-up resistor.

2"9fc [s] .
2Y/fc
clock 1T [ ML o=
Binary counter X2 sX_ 0 X 1 X_2 X 3 X_o
y
Overflow
INTWDT interrupt "
S |
WDT reset output (Hi-2) -l(_"_L"_oltput)
Writes 4E to WDTCR2

Figure 1-30. Watchdog timer interrupt/reset

1.11 Reset Circuit
87C405A 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 1-6 shows on-chip hardware initialization by reset action.
The internal source reset circuit (Watchdog Timer reset, Address trap reset, and System clock reset) is not
initialized when power is turned on. Thus, output from the RESET pin may go low (maximum 16/fc[s] (2
us at 8 MHz, 4 us at 4 MHz).

Table 1-6. On-chip hardware initialization by reset action

On-chip Hardware Initial Value On-chip Hardware Initial Value
Prescaler and Divider of Timing
Program counter (PC} (FFFFR) - (FFFEW) 0
generator
Regi k RBS 0 '
egister bank selector (R8S) Watchdog Timer Enable
Jump status flag (JF) 1
Int: m le fl M Refer to /0 port
" errUm, a?t,er enable flag (IMF) 0 Output latches of input/outputport | . P
Interrupt individual enable flags (EF) 0 circuitry
. Refer to control
Interrupt latches (iL) 0 Control register '
registers
87CA405A-36
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1.11.1 Externalresetinput
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 FFFFy.

VDD

RESET Resetinput

Watchdog Timer

Internal source N
L. Address trap detection
reset output circuit

Sink open drain System clock detection

Figure 1-31. Reset circuit

1.11.2 Address trap reset
An Address trap reset is one of fail-safe function that detects CPU malfunction 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/fcgcek [s] (1.5t0 2.0 us at 8MHz, 3.0 to 4.0 us at 4MHz).

lnstruc}ion ITJ a .(rese‘[ release Xinitruction ataddressr
execution ! /
e —— Addresstrapisoccurred I [

RESET output 'I (“L" output) (Hi-Z)E !

i H i H

- : : |

i : : !

! 12/cgek to 16ffegek [s] |+ Affegek to 16/feqek [s) | 16/fcaek [s] |

Note 1:  aisan addressin on-chip RAM or SFR.
Note2:  During reset release, reset vector “r” is read out, and an instruction at address r is fetched and
decoded.

Figure 1-32. Address trap reset

1.11.3  Watchdog timer reset
Refer to Section “ 1.6 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/fcgck [s] (1.5 ws ~ 2.0 s at 8MHz, 3.0 to
4.0 us at AMHz).
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2.  On-chip Peripherals Functions

2.1 Special function register (SFR)
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) .
The SFR are mapped to addresses 0000 to 003Fy. Figure 2-1 shows the 87C405 SFR.

|Address Read Write Address Read Write
0000y reserved 00204,
[G] 21
02 22
03 23
04 24
05 25
06 26
07 27
08 28
09 |. . R 29
0A ... = ol 2A
OB |, = P1CR (P1 port O control) i 2B
oc |. - PECR (P6 port IO control) , 2C
00 20
OE 26 | .
OF 2F STOPCR (Key Wake-up control)
10 30 Heeeeniens CGCR (Clock Gear control)
" k3l
12 2 P .
13 33 e 2 e .
14 34 ... Tooeoorsrerrersrsene | WOTER1, " Watchdog Timer )
15 35 Jworcra,., \ control
16 36 TBTCR(TBT/TG/DVO control)
17 37
:g gg " oyscr (system control) ***
1A 3A EIR,
18 3B
1C 3C
1D 3D
1E 3E
1F 3F

(a) Special Function Register

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

Note 2 : - ; cannot be accessed.

Note3: When defining address 003Fy with
assembler symbols, use GPSW and
GRB8S.

Noted:  Write-only registers and interrupt
latches cannot use the read-modify-
write instructions (bit manipulation
instructions such as SET, CLR, etc. and
logical operation instructions such as

AND, OR, etc.)

Note5: PSW, Program Status Word

Figure 2-1. SFR
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2.2

1/0 Ports

The 87C405A has 3 ports, 22 pin input/ output ports.

@ P1port ;8-bitl/O port (External interruptinput, Timer/Counter input/output, and Divider

output)

@ Peport ;8-biti/Oport (STOP mode release input)

@ P7port ;6-bitl/O port (Externalinterrupt and Timer/Counter input/output)
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 S2 state of the write cycle during
execution of the instruction which writes to an I/O port.

fetch cycle fetch cycle

| . readcycle |
T T 1

S0 S1 52 S3 S0 S1 S2 S3 S0 S1 S2 S3
Instruction . Example:LD A, () o I

execution cycle _—

Input strobe -ees ot o teem

Data input ::::

(a) InputTiming

fetchcycle | fetcheycle | writecycle |
T T 1

SO S1 S2 S3 SO 51 S2 S3 SO 51 S2 sS3

Instruction

execution cycle [ - Efamele;.LD '(‘)'.A R S T l

Outputlatchpulse a«.ae r—l—_ ecam

X

{b) Outputtiming
Note : The positions of the read an write cycles may vary, depending on the instruction.

Data output

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, (srq) ® 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/OR/XOR (scr), (HL)
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2.2.1 Port P1(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 / autput mode is specified by the port P1 input/output control register (P1CR). During reset, the
P1CR is initialized to “0", which configures port P1 as an input. The P1 output latches are also
initialized to “0”Port P1 is also used as an External interrupt input, a Timer/ Counter input, and a
Divider output. When used as secondary function pin, the input pins should be set to the input mode,
and the output pins should be set to the output mode and beforehand the output latch should be set
to “1". Itisrecommended 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 INTOEN or an
External interrupt input. During reset, pin P10 is configured as an input port.

STOP
OQUTEN

P1CRi ——;"_

Datainput

Data output

output latch Pl
Control
output
Control N
input Note: i=7to0
7.6.5.4.3'2_1_0
P1 P17 i P16 ! P15 iP14 P13 ;"12 P P11 P10 B
(00014;) : i Tc2 { PPG {DVO | Tci | INT1 | INTO | (Initialvalue: 0000 0000)
P1CR 7 [} 5 4 3 2 1 [1]
: H : : H H : iti fue :
(00084 | ; : : : : : : | (initial value : 0000 0000)
PICR 110 control for port P1 0: Input mode write
(specified in one-bit unit) 1 : Qutput mode only
Note: PICR isa write-only register and cannot be used by any read-moddify-write instructions.
Figure 2-3. Port1and P1CR
Example : Sets P17, P16 and P14 as output ports, P13 and P11 as input ports, and the others as
function pins. Internal output datais “1” for the P17 and P14 pins, and “0" for the
P16 pin.
LD  (EINTCR), 010000008 s INTOEN&1
Lb (P1),10111111B ;. P17¢1, P14¢e1, P16<0

LD  (P1CR), 110100008

Note : Ports set to the input mode read the pin states. When input pin and output in exist in port P1
together, the contents of the output latch of ports set to the input mode may be rewritten by
executing the bit manipulation instructions. Pins set to output mode read a value of the output
latch.
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2.2.2 Port P6 (P67 to P60)

Port PG is an 8-bit general-purpose input/output port which can be configured as an input or an outputin
one-bit unit. P62 to P65 are used as key wake-up inputs. Input / output mode is specified by port P6
input/output control register (P6CR) . During reset, P6CR is set to “0”, port P6 is in input mode. During
reset, the output latches of port P6 is initialized to “0”. P6CR is write-only register. In the case of using
port P6 as key wake-up inputs, please refer to Section "2.11 Key wake up”.

Output latch

STOP o
OUTEN
PGCRi
Data input <J
Data output D Q

Key wake-up input 4—0@——

[:] P6i(i=0t07)

Pek (k=210 5)

(specified in one-bit unit)

’(,5006 ) 7 6 5 4 3 2 1 0
H. P67 P66 P65 : P64 P63 P62 P61 i P60 (Initial value 0000 0000)
i {STOPS {STOP4 | STOP3 (STOP2 | ’
PBCR 7 6 5 4 3 2 1
(000Cy) | H R H H | (initial value 0000 0000)
I rt P6
P6CR VO control for po 0 : Input mode

1 : Output mode

write
only

NoteT : Used analog input pins or key wake-up input must be configured as input mode.
Note2 : The P6CR is @ write-only register and cannot be used by any read-modify instructions.

Figure 2-4. PortP6 and P6CR

latch.

Note : Ports set to the input mode read the pin states. When input pin and output in exist in port P1
together, the contents of the output latch of ports set to the input mode may be rewritten by
executing the bit manipulation instructions. Pins set to output mode read a value of the output
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2.2.3 Port P7 (P77 to P72)

Port P7 is a 6-bit general-purpose input/ output port which can be configured as either input or output in
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".
P7CR1 is write-only register. P76 is also used as an External interrupt input or as a STOP mode release

input.

STOP
OQUTEN

P7CR1i

As

Data input
P7CR2i

L

Data output —E l

Control input f_______o@_ P76 (INT5/5TOP)

[ Prii=2107

p7 7 6 5 4 3 2 1 0
(0007w) | p77 i P76 i P75 i P74 | P73 | P72 |
STOP/: H : H Po- - .
INTS : : : : (initial value 0000 00#+)
P7CR1 7 6 5 4 3 2 1 0
(000Dy) | IEEN (initial value 0000 00x*)
P7CR 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
(0027,) | : I (Initial value 1111 11x%)
1/0 control for P7 0 : Open draininput/output
P7CR2 (specified in one-bit unit) 1 : Tri-state input/ output RW

Note: The P7CRis a write-only register and cannot be used by any read-modify instructions.

Figure 2-5. PortP7 and P7CR

output latch.

input, do not set it as output.
Note 3: *,Don‘tcare

Note 1: , Ports set to the input mode read the pin states. When input pin and output in exist in port P7
together, the contents of the output latch of ports set to the input mode may be rewritten by
executing the bit manipulation instructions. Pins set to output mode read a value of the

Note2: In case of using P62 to P65 as key wake-up inputs, use P76 (including INT5/STOP) only as an

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

The Time-base timer is used to generate the fe/223

base time for key scan and dynamic display fclzf; S

processing. For this purpose, it generates a ::ﬁm v - irar
time-base timer interrupt (INTTBT) at fos 2" - edge |- interrupt
predetermined intervals. fclzﬁ © detector|  request
This interrupt is generated beginning with :2;%9 i

the first rising edge of the source clock (the ;

timing generator’s dI.VIdEF outp.ut se]ected TBTCK TBTEN

by TBTCK) after the time-base timeris =

enabled. Note thatsince the divider cannot Ti - .
R ime Base Timer Control Register

be cleared by a program, the first interrupt () Configuration

only may occur earlier than the set source dock

interrupt period. (See Figure 2-6, (b).) ourceclock ] | | [~

When selecting the interrupt frequency, :

make sure the time-base timer is disabled. TBTEN et

(Do not change the selected interrupt

frequency when disabling the active timer INTTBT : 1_
either.) However, you can select the Enable TaT terrupt period

interrupt frequency simultaneously when

enabling the timer (b) Time base timer interrupt

Figure 2-6. Time base timer

6 5 4 3 2 1 0
.{:c;l-_fs’:‘) Imvoeml () | 0 lmrml L TBTCK |, | (initial value : 0w*0 Q#x«)
Time Base Timer 0: Disable
TBTEN enable/disable 1: Enable
000 : fc/223 [Hz]
001 : fc/22!
010 : fc/2'6 RIW
Time base timer interrupt 011 : fes2%
TBTCK
frequency select 100 : fe/2"3
101 : fc/2"?
110 : fes2"
11 : fe/2°
Note 1: fc; clock [Hz], *; don’tcare
Note 2 : _The fourth bit in TBTCR must be to "0".

Figure 2-7. Time base timer control register

Table 2-1. Time base timer interrupt frequency [Hz]

TBTCK NORMAL, IDLE mode (at fc = 8 MHz)
000 0.95
001 . 3.81
010 122.07
ot 488.28
100 976.56
101 1953.12
110 3906.25
m ’ 15625
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2.4 Divider Qutput (DVOQ)
A 50% duty pulse can be output using the Divider output circuit, which is useful for piezo-electric buzzer

drive. Divider output is from pin P13 (DVO). The P13 output latch should be set to ”1” and then the P13
should be configured as an output mode.

7 6 5 4 3 2 1 0

TBTCR .
(0036y,) [ovoes] ovoex [ o Jowew|  srcn, | (Initial value : 0##0 Oxw)
DVOEN | Divider output enable/disable 0: Disable
1 : Enable
00 : fc/2"  [Hz) RW
Divider output (BVO pin) 01 : fc/2"
pvOcK frequency selection 10 ¢ fes2"
11 @ fer210

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 outputlatch &1
LD (P1CR), 000010008 ; Configures P13 as an output mode
LD (TBTCRY), 100000008 ; DVOENe&1, DVOCK 00
Table 2-2. Frequency of divider output [kHz]
DVOCK Atfc=4 MHz Atfc=8MHz
00 0.512 0.976
01 1.024 1.953
10 2.048 3.906
1 4.096 7.812

Output latch Output mode (P1CR3)
Ovtputdata—>2_Q| > Jp130v0)

fc/213
fe1212
fes211
fc/210

P13 output latch_| L
DVOEN DVOEN ~———J d
Divider output control register DVO pin M

(a) Configuration (b) Timing Chart

Figure 2-9. Divider output
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16-bit Timer/Counter 1 (TC1)
2.5.1 Configuration

2.5

| J3junodsdwyj “Ql-z a4nbig

uid
Ddd

12351631 [013U03 | J3UNROIAWINL

— oL —

2QoNs UM
'giozyl  Maioayy
Wio3ul  MwioauL
2qons ¥
(S8
ANUMUILDL . 103U0>
1939p YHrew
ajqeud
> 3j6603 —

seap ¢

195 4

815603 <

uIWIINSeIL
yipim asind

10)esedwod

gL VL 9563 W 3G9L D101
LdVDS
VIOl ~ @1o3L
’ — aimdes
10p3jRs _

3pow MOpuIM b2

4
_ _I «—————————— 213
1%
m 13un0>-dng-g1 e | 273}

) —i] vt

{1

Je3PsLdl

apow 19ddI
1dyn0 Bdd

0N LDLINI Tmm

Buiyey

JLEn
apow

UdWAINSRAW
yipm asind

[ IR L

87C405A-45

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6146010/tmp87c405am.html

TOSHIBA TMP87C405A

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 11 10 9 8 7 6 5 4 3 2 1 0
TREG1A
(00161, 00114) [ ) _ TREG1A4(0011,) \ [ ] . TREGIAL(0010) . |
TREG1B Write only
(00124, 0012, | . TREG1B, (0013) | L . . TREG1B, (0012) L
Timer/Counter Read / Write (Write available in only PPG output mode)
7 6 5 4 3 2 1 0
SCAP1
(TOCJE‘R) TRFT MCAPT) TS TCICK TCIM (Initial value : 6000 0000)
H MPPGI ) 1 L
00 : Timer/ External trigger timer / Event counter mode
Tcim TC1 01 : Window mode
mode select 10 : Pulse width measurement mode
11 : PPG (Programmable pulse generate) output mode
00 : Internal clock fcs2" [Hz]
Teick | TE 01 : Internal clock fei12?
source clock select 10 : Internal clock fer2?
11 : External clock (TC1 pin input)
write
. 00 : Stop & counter clear only
TC1S TC1 01 : Command start
start control 10 : reserved
11 : External trigger start
SCAPY I Software capturecontrol L 0w L
Pulse width measurement .
AP ool 0 Double edge capture 1.
External trigger timer . .
0 : Trigger start : T
METT! feonrol e
MPPG1 | PPG output control 0 : Continuous pulse Single pulse
TFF1 Timer F/F1 contro! 0 : Clear 1:Set

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

Note2: Writing to the low-byte of the timer registers (TREG1A,, TREG18y), the comparison is inhibited until
the high-byte (TREG1Ay, TREG1By) is written. (Only the low-byte of the timer registers cannot be
changed.) After writing to the high-byte, the comparison within 1 cycle{during instruction
execution) isignored. .

Note3: Set the mode, source clock, edge (INT2ES), PPG output control and timer FIF1 control when TC1
stops (TC1S =00).

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

Note5: Values to be loaded to timer registers must satisfy the following condition.

TREG1A>TREG18>0 (PPG output mode) ; TREG1A >0 (except for PPG output mode)

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

Note 7: TREG1B can be written only in PPG output mode.

Note 8: TCICR is a write-only register, which cannot be accessed by any read-modify-write instructions such
as bit operate, etc.

Note9: When fd/23 is selected as a source clock in the pulse width measurement mode, the lowest bit (bit0)
of the counter value (TREGIB) is always read in as "0".

When others are selected as a source clack, the counter value is read according to the count.

Figure 2-11. Timer registers and control register TC1
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2.5.3 Function

Timer/Counter 1 has six operating modes: Timer, External trigger timer, Event counter, Window, Pulse
width measurement, and Programmable pulse generator output mode.

(1) Timer mode

In this mode, counting up is performed using the internal clock. The contents of the Timer register
1A (TREG1A) are compared with the contents of up-counter. If a match is fund, an INTTC1 interrupt
is generated, and the counter is cleared to "0". Counting up resumes after the counter is cleared.
The current contents of up-counter can be transferred to the Timer register 1B (TREG1B) by setting
SCAP1(bit 6 in TC1CR) to “1"(software capture function). SCAP1 is automatically cleared to "0" after

capturing.

Table 2-3. Timer/counter 1 source clock (internal clock) (at fc = 8MHz)

TC1CK

Resolution [4s] Maximum time setting [s]

00
01
10

256 16.8
16 1.0
1 65.5 m

Example 1 :Sets the Timer mode with source clock fc/211[Hz] and generates an interrupt 1s.

later (at fc = 8 MHz).

LDW (TREG1A), 1000H ; Sets the timer register (1s + 211/ fc = 1000)
SET (EIRL). EF4 ; Enables INTTCt interrupt

El

LD (TC1CR), 000100008 ; Starts TC1

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

Example 2 : Software capture
LD (TC1CR), 010100008 ;
LD WA, (TREG1B)

SCAP1e1
. Reads captured value

Command start

Source clock H
i
1

Counter

JUUL UL

NAOK 1 2 3 4 5 6 7

Timer register 1A

» X n

INTTCH1 interrupt

Counter
clear

Match
detect \

Source clock

(a) Timer mode

_Mrirurererrierireris

Counter

Timer register 18 ?

. {1
x m=2 X m-1 X m X m+1 X m+2 X :: n-1 X n X n+1 X
Capture i Capture
m n

SCAP1

(b) Software Capture

Figure 2-12. Timer mode timing chart
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(2)

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

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

LD (EINTCR), 000000008 ; INT2ES«0 (rising edge)

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

SET {EIRL).EF4 ; Enables INTTC1 interrupt

El

LD (TC1CR), 001110008 ; Starts TC1 external trigger, METT =0

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

LD (EINTCR), 000001008 5 INT2ES«1 {falling edge)
LDW (TREG1A), 00FAH ; 4ms+27/fc=FAy
SET (EIRL).EF4 ; Enables INTTC1 interrupt
El
LD (TC1CR), 011101008 ; Starts TC1 external trigger, METT =1
Count start Count start Rising edge
. Triager Triaaer select
TC1 pininput / roe ) 99 (INT2ES =0)
1
Internal clock llllll}llll'lllllllll]llllll'lll
: -
"
TimerregistertA ? X n ©
Match Clear
INTTC1 interrupt \rr
(a) Trigger5Start (METT1=0)
Count Count Count
start clear start -

. - A X Rising edge select
TC1 pininput Trigger Trigger A Trigger (INT2ES = 0)
Internal clock .

Counter D € 6 © §) 0 G € &4 =)0 0.0 Note : m<n
Timer register 1A Xn b
Match Clear
INTTC1 interrupt
{b) Trigger Start & Stop (METT1 = 1)

Figure 2-13. External trigger timer mode timing chart
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(3) Eventcounter mode
In this mode, events are counted on the edge of the TC1 pin input. Either the rising and the falling
edge can be selected with INT2 pin. The contents of TREG1A are compared with the contents of up-
counter. If a match is found, an INTTC1 interrupt is generated, and the counter is cleared. The
maximum applied frequency is f¢/24 [Hz] in NORMAL or IDLE mode.
Setting SCAP1to “1" transfers the current contents of up-counter to TREG1B (software capture).

Command start

Y
TC1 pininput | I: l | | | | | 4 | I l LJ I_I I falling edge

! H : H " H : ) select
Up-counter 0 X:IX 2 X " X n-t x nx Ox . x 2 (INT2ES = 1)

TREG1A 2 X b

Match Counter
detect \” clear

INTTC1 interrupt

Figure 2-14. Event countermode timing chart

(4) Window mode
Counting up is performed on the rising edge of the pulse that is the logical AND-ed product of the
TC1 pin input (Window pulse) and an internal clock. The contents of TREG1A are compared with the
contents of up-counter. If a match is found, an INTTC1 interrupt is generated, and the counter is
cleared. Positive or negative logic for the TC1 pin input can be selected with INT2 pin.
It is necessary that the maximum applied frequency be such that the counter value can be analyzed
by the program. That is, the frequency must be considerably slower than the selected internal clock.

Command start
TC1 pininput + l l

Internal clock

Counter I S0 € €D O SR O 0.0 &9 €Y €
TREG1A X7 b
INTTC1 interrupt Match \nJ Clear

(a) Positive Logic (INT2ES = 0)

Command start

TC1 pininput | L_____

Internal clock

D €D &) 6 € 6 Gl COEEXG

TREGIA 7 X 9 P |

MatchWﬁlear
INTTC1 interrupt i

(b) Negative Logic (INT2ES = 1)

Figure 2-15. Window mode timing chart
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(5) Pulse width measurement mode
Counting is started by a trigger of the rising (falling) edge of the TC1 pin input (set to external
trigger start by TC1CR). The source clock is used an internal clock. On the next falling (rising) edge,
the counter contents are transferred to TREG1B and an interrupt is generated. The counter is cleared
when the single edge capture mode is set. When double edge capture is set, the counter continues
and, at the next rising (falling) edge, the counter contents are again transferred to TREG1B. If a
falling (rising) edge capture value is required, it is necessary to read out TREG1B contents until a
rising (falling) edge is detected. Falling or rising edge is selected with INT2ES, and single edge or
double edge is selected with MCAP1 (bit 6 in TC1CR).

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

CLR (INTTC1SW). 0 ; INTTC1 service switch initial setting

LD {EINTCR), 000000008 ;  Setstherising edge at the INT2ES edge

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

SET ({EIRL). EF4 ;  Enables INTTC1

El

LD (TC1CR), 001101108 ;  Starts TC1 with an external trigger in MCAP1=0
PINTTC1 : CPL (INTTC1SW). 0 ; Complements INTTC1 service switch

JRS F, SINTTC1

LD (HPULSE), (TREG1BL) ;  ReadsTREGIB

LD (HPULSE + 1), (TREG1BH)

RETI
SINTTCH1 : LD (WIDTH), (TREG 1BL) ;  Reads TREG1B (Period)

LD (WIDTH + 1), (TREG1BH)

: ; Dutycalculation

RETI

VINTTCT @ pw PINTTC1
WIDTH
HPULSE

TC1 pin

INTTCISW .__-._————-—I

 S—

Note: When fc/23 is selected as a source clock in the pulse width measurement mode, the lowest bit
(bit0) of the counter value (TREGIB) is always read in as "0".
When others are selected as a source clock, the counter value is read according to the count.
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Count start « Count start

TC1 pininput R Trigger v « (INT2ES=0)

s 124

Internal clock l|IIIlI|I|||||§§|I|I‘I|I||I|“l'l|l

D€ 6 © O &) (G X XE
i\ Capture .

TREG1B \n

INTTCH1 interrupt

[Application] High or low pulse width measurement
(a) Single edge capture (MCAP=1)

Count start Count start

@

TC1 pininput l Y Y « A (INT2ES = 0)

Internal clock

Counter

TREG1B

INTTC1 interrupt

[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 failing 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 TREG1B are compared with the contents of the up-counter. If a match is found,
Timer F/F1 output istoggled. 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 unless
the Timer/Counter 1 is set to the PPG output mode.

Example : “H* level 800 s, “L"" level 200 x5 pulse output at fc =8 MHz

SET  (P1).4 5 Pl4outputlatche1
LD (P1CR), 000100008 s SetsP14toanoutput mode
LD (TC1CR), 100010118 ;  Sets PPG output mode
LDW (TREG1A), 03E8H ; Setsaperiod (1 ms=: 1 .5=03E8y)
LDW (TREG1B), 00C8H 5 Sets”L" level pulse width (200 zs+ 1 25 = 00C8y)
LD (TC1CR), 100100118 ;  Start
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P14 output latch

Data output

TFF1 >

TC1CR write strobe

Internal reset
Match with TREG1B
Match with TREG1A

INTTCH interrupt Y

MPPG1

pset Output enable

bclear - > - | P14 (PPG) pin
»toggle

Timer F/F1

TC1S clear signal

Figure 2-17. PPGoutput

Internal clock

Command start

Counter 0 1 2 n An+1 oxX 1 2 n Xn+1 oxX 1 2
TREG18B :X n ) $
TREG1A X | Y | )

PPG pin output

INTTC1 interrupt

L n

-
—

Count start

(a) Pulse

TC1 pininput _JTngger

| External trigger start

Internal clock ||||||“||||||“|||||l|||||||||||ll|

n Xn+1 0

Counter 0 1
TREG18B :X n
TREGIA Xm

]

g

INTTC1 interrupt

PPG pin output |

{Application] One shot puise output
(b) Single

Figure 2-18. PPG output mode timing chart
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2.6 16-bit Timer/Counter 2 (TC2)
2.6.1 Configuration

TC2 pin D—l—>

Timer/Counter 2 control register

TC28

16-bit timer register 2

Window
/223 Y] Clear
fc/213 5] - bit UD- I
to/28 16-bit up-counter
fc/23y—>]
. > INTTC2
3 interrupt
2!
TC2CK Tezs Enable
TC2CR TREG2 I
TREG2H TREG2L write strobe

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

2.6.2 Control

The Timer/Counter 2 is controllied by a Timer/Counter 2 control register (TC2CR) and a 16-bit timer

register 2 (TREG2).
15 14 13 12 11 10 9 8 7 [ 5 4 3 2 1 0
TREG2 | TREG2y (0017, TREG2, (0016,
(00164, 0017;,) , REG2y, {00174) ) . , \ [REG2, (00164) .
Write only
Teacn a3 2 1.0
(0015,9) T2k, | [raam]  Onitialvalue:  #+0000+0)
Timer/Counter 2 operating 0 : Timer/Event counter mode
Taz2m .
mode select 1 : Window mode
000 : internal clock fc/22® [Hz]
001 : Internal clock fes2%
" 010 : Internal clock fc/2®
Timer/Counter 2 i
TC2CK 011 : Internal clock fe/2? write
e clock select
soure 100 : reserved only
101 : reserved
110 ; reserved
111 : External clock (TC2 pininput)
Timer/Counter 2 0 : Stop and counter clear
TC2S
N start control 1: Start
Note 1: fc; High-frequency clock [Hz], *; don't care
Note2: 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 Timer/Counter stops (TC2S =0).
Note 4 : Values to be loaded to the timer register must satisfy the following conditian.
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 register 2 and TC2 control register
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2.6.3 Function

The Timer/Counter 2 has three operating modes: Timer, Event counter and Window modes.

(1) Timer mode

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

Table 2-4. Source clock (Internal Clock) for timer/counter 2 (at 8MHz)

TC2CK Resolution Maximum time setting
000 1.05s 19.1h
< 001 1.02 ms 1.1 min
010 32 48 21s
011 1 s 65.5 ms

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

LOW {TREG2), 61A8H ; Setsthe TREG2 (25 ms+ 23 /fc = 61A8y)
SET (EIRH).EF14 ; Enables INTTC2 interrupt

El

L0 (TC2CR), 001011008 ; StartsTC2

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

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

Low (TREG2), 640 ; Setsthe TREG2

SET (EIRH).EF14 ; Enables INTTC2interrupt
El

LD (TC2CR), 001111008 ; Starts TC2

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

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

LbwW (TREG2), 0078H ; SetsTREG2 (120 ms + 213/fc= 0978H)
SET (EIRH).EF14 ; Enables INTTC2 interrupt

El

LD (TC2CR), 001001018 ; Starts TC2
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TC2 pininput ' I I

)

1
' ; .
Internal clock IllllllilllllllllillI|I||l|||||III
. 1
1 ]
Counter o X3 X2X (XnoX -2 Xe-XKoXoX X2 X3)

TREG2 X n y
Match Counter clear
Y

INTTC2 interrupt

Figure 2-21. Window mode timing chart
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2.9 KeyWake Up

The 87C405A can control STOP mode with four pins such as P62, P63, P64 and P65 other than P76
(INTS5/STOP).

When the STOP mode is controlled in port inputs of P62, P63, P64 and P65, system register 1 (SYSCR1)
must start the STOP mode (Level release mode).

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

STOPCR .
(002Fy) | — | - [stoes[stora|stors|stor2] — ] — ]  (nitialvalue *+0000%=)
0 : Disabl
STOP2 P62 port releases from STOP mode sable
1: Enable
: Disabl
STOP3 P63 port releases from STOP mode ? B Isa:; N
: En
o Disaabre Read / Write
STOP4 P64 port releases from STOP mode )
1: Enable
0 : Disable
STOPS P65 port releases from STOP mode !
1: Enable

Figure 2-22. Stop mode control register

STOP mode control circuit
STOP mode Q D P76 (INT5 / 5TOP)

control signal

<] re2ts10P2)
<] reststors
o] peastora)
__C <SH{] reststors)

STOPCR

(002FH) ||

[EE Ty
ES To 27
WwoO—Hw»n
NTO=HWV
|
|

Figure 2-23. Stop mode control circuit

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

[ SuU
1

1
1
Data input =t Jrmmmmremmeemm _—TEN\

|
]
¢
t
I}
1
-

'
LY T . g
Data output > D P6i(i=2105)
Control input 4__0@—
STOPI

Figure 2-24. PortP6i(i=2to05)

Note: In case of using P62 to P65 as key wake-up input, use P76 (including INT5/5TOP) only as an input,
do not set it as output.
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Input/ output Circuit

(1) Control pins
The input/output circuits of the 87C405A control pins are shown below.

Control Pin 1’10 Input / Output Circuitry and Code Remarks
Osc. enable » fc
High-frequency resonat
VDD | VDD ig q yre or
XIN Input >R connecting pi
XOuT Output = "o 9 pin
D R¢ =1.2MQ  (typ.)
Ro =1.5kQ typ.
XIN XGUT ° (typ)
VDD
Sink open drain output
Riy s
R Hysteresis input
RESET 110 Address-trap-reset Pull-up resistor
Watchdog-timer-rese Rin=220kQ (typ.)
System-clock-reset R=1k2 (typ.)
Initial *Hi-Z* vDD
STOP/INTS Input Disable E R Hysteresis input
(P76) p: R=1kQ (typ.)
P76 <]
STOPANTS @,
Initial “Hi-Z"

Rin

o—A\W—o

VvOoD

Hysteresis input
i=2~5
STOPi Input
(P6i) Disable R

Pull-up resistor

Péi A Rin=70kQ (typ.)
R=1kQ (typ.)

STOPi

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

Note: The 87F808 does not have a pull-down resistor for TEST pin. Always fix to low level.

A/
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(2) Input/output ports
The input/ output circuits of the 87C405A input / output ports are shown below.
Port /0 Input/ Output Circuitry and Code Remarks
Initial "Hi-Z" VDD Tri-state /O
Hysteresis input
R= .
P1 7] Disable 1k (typ.)

Initial "Hi-Z" VDD Tri-state /O
R=1kQ(typ.)
P6 o
Disable
/‘
~
Initial “Hi-Z" VDO Tri-state /O
P-ch Control
R=1kQ (typ.)
P7 [l{e]
Disable
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Electrical Characteristics

87C405A
Absolute maximum ratings (Vss=0V)
PARAMETER SYMBOL CONDITIONS RATINGS UNIT
Supply Voltage Vpp -0.3t06.5 v
Input Voltage Vin ~0.3toVpp+0.3 Y
Output Voltage : Vour -0.3toVpp+0.3 "
lour1 | P1,P6 3.2 mA
oL
Output Current (Per 1 pin) loytz | P7 (Middle current port) 15 mA
IOH louts | P1,P6,P7 -18 mA
3 louyrt |P1,P6 50 mA
1oL
Output Current (Total) 2 loutz | P7 (Middle current port) 60 mA
1OH Z loyrs |P1,P6,P7 30 mA
Power Dissipation [Topr=70°C] PD 180 mw
Soldering Temperature (time) Tsid 260(105) °C
Storage Temperature Tstg -55t0125 °C
Operating Temperature Topr -30t070 °C
Note:  The absolute maximum ratings are rated values which must not be exceeded during operation, even for an instant.
Any ane of the ratings must not be exceeded. If any absolute maximum rating is exceeded, a device may break down
or its performance may be degraded, causing it to catch fire or explode resulting in injury to the user. Thus, when
designing products which include this device, ensure that no absolute maximum rating value will ever be exceeded.

Recommended operating conditions (Vs5=0V, Topr= - 30t070°C)
PARAMETER SYMBOL PINS CONDITIONS Min. Max. UNIT
fcm | NORMAL mode
8MHz [TDLE mode 4.5
fcs [ NORMAL mode
Supply Voltage Vop 4.2 Mz [TDLE mode 27 5.5 v
STOP mode 2.0
Viny Except hysteresis input Vpp X% 0.70
Vina | Hysteresis input VppZ 4.5V Vop % 0.75
input High Voltage Voo v
Viuz 27V=EVp<4sv Vpp x0.90
Vi Except hysteresis input Vpp % 0.30
Viz | Hysteresisinput Vpp& 4.5V Vpp x 025
Input Low Voltage 0 v
Vi 27VSVpp<4.5V Vpp X 0.10
Vpp=45t05.5V 8.0
Clock Frequency fe XIN, XOUT Vpo= 2.7 105.5V 1.0 %] MHz

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

Note2: Clock frequency fc : Supply voitage range is specified in NORMAL mode and IDLE mode.

Note3: Minimum of clock frequency : 400 kHz S fegck
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D.C. characteristics ] {Vss=0V, Topr=~30t070°C)
PARAMETER SYMBOL PINS CONDITIONS Min. | Typ. | Max. | UNIT
Hysteresis Voltage Vs | Hysteresisinputs - 0.9 - \
Iny | TEST
- Vpp=5.5V
Input Current Iin2 | Tri-state ports v S5V/0V ~2 - 2 pA
liva_| RESET, STOP N
Riny | TEST 30 70 150
Input Resistance Rinva | RESET 100 220 450 kQ
Ring | STOPI i=2to5 30 70 150
Output Leak! Current Ito | Tri-state ports Vpp=5.5V,Voyur=5.5V/0V -2 - 2 pA
Qutput High Voltage | Voua | Tri-state ports Vpp=4.5V, loy= -0.7mA 4.1 - - \
Qutput Low Voltage VoL | Except XQUT and P7 Vpp=4.5V, loL = 1.6 mA - - 0.4 \4
Output Low Current lots |P7 Vpp=4.5V,Vo =10V - 7 - mA
. fc - 6.5 10
Supply Currentin feqck fo/2 - 4.0 6.4
NORMAL mode 9 Than | - | 26 | a7
Voo =55V 18 19 | 39
fe=8MHz T 3'3 s.o
R ViN=5.3V/0.2Vv - -
Supply Current in IDLE feack fe/2 - 2.4 3.9
mode I Tt | = | 19 | 35
for8 - 1.6 3.3
mA
fc - 1.5 2.5
Supply Current in oo feack fer2 - 0.85 1.6
NORMAL mode X o | - [ 06 | 12
Vop=3.0V f8 04 | 1.0
fc=4.19 MHz - -
fc - 0.8 1.4
. Vin=2.8V/0.2V
Supply Currentin IDLE fu2 - 0.55 1.1
fegek
mode fo/4 - 045 | 0.9
fu8 - 0.35 | 0.85
Supply Currentin Vpp=5.5V _ 05 10 A
STOP made - Vin=5.3v/0.2V
Note 1:  Typical values show those at Topr =25 °C, VDD =5 V.

Note 2:

down) is contained.

Input Current N1, lIN3 : The current through resistar is not included, when the input resistor (pull-up or puli-
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A.C. characteristics (I ) (Vss=0V, Vpp=4.5t05.5V, Topr= -30t0 70°C)
PARAMETER SYMBOL CONDITIONS Min. Typ. | Max. { UNIT
tn NORMAL mode
Machine Cycle Time tey 0.5 - 4 s
In IDLE mode
High Level Clock Pulse Width twecn | For external clock operation .
50 - - ns
Low Level Clock Pulse Width twer | fe=8 MHz
A.C. characteristics (1I) (Vss=0V, Vpp=2.7105.5V, Topr= ~ 3010 70°C)
PARAMETER ) SYMBOL CONDITIONS Min. Typ. | Max. | UNIT
In NORMAL mode
Machine Cycle Time tey 0.95 - 4 s
In IDLE mode
High Level Clack Pulse Width twen | Forexternal clock operation
110 - - ns
Low Level Clock Pulse Width twer | fe=4.2 MHz
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[ Recommended oscillating conditions (1)

(Vss=0V, Vpp=4.5t0 5.5V, Topr= ~30t070°C)

. Oscillation ) Recommended Conditions
PARAMETER Oscillator Frequency Recommended Osciliator [ [
KYOCERA KBR8.OM 30 pF 30 pfF
VoD 84'\"5Hl MURATA CSAC8.00MT 30 pF 30 pF
(VDD =450 5.5V) IiRATA CEAB.OONITZ
CST8.00MTW - -
Ceramic Resonator CSTS8.00MT
High-frequency 419MHz | MURATA CSAL.19MG |  30pF 30pF
ags (VDD=2.71t05.5V)
Oscillation MURATA CST4.19MGW - -
4 MHz
(VDD =2.7105.5V) KYOCERA KBR4.0MS 30pF 30 pF
8 MHz
(VDD=4.5105.5V) TOYOCOM 210B 8.0000
Crystal Oscillator A MHz 20 pf 20 pF
(VDD =2.7t0 5.5 V) TOYOCOM 2048 4.000
Recommended oscillating conditions (1I) (Vss=0V, Vpp=2.7t05.5V, Topr= ~30t070°C}
. Oscillation . Recormmended Conditions
PARAMETER Oscillator Frequency Recommended Oscillator G G
4.1 MHz MURATA CSA4.19MG |  30pF 30 pF
(VDD=2.7t05.5V)
MURATA CST4.19MGW - -
High-frequency . MURATA CSA4.00MG 30 pf 30 pf
o Ceramic Resonator CSA4.00MGC posy e
Oscillation 4MHz MURATA CST4.00MGW
(VOD=2.7t05.5V) CSTC4.00MG - -
MURATA CSTC54.00MG - -
XIN XouT

G 0
&

;E )

(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 regular operation.
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SOP28-P-450-1.27 Unit: mm
28 15_—___
NooodnonQNpQooag

Y] ] =
) g g et
ikl Ij‘q ! |
0.995TYP ' 043801 Eromrry
19.0MAX
. 18.540.2 . .
W: EI §§l
2 4 °
po! 1.0:0.2
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SDIP28-P-400-1.78 Unit: mm
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