TOSHIBA TENTATIVE TMP87C405A
CMOS 8-BIT MICROCONTROLLER
TMP87C405AM

87C405A is high speed and high performance 8-bit single chip microcomputers to operate on low voltage and
low power consumption. This MCU contains ROM, RAM, input/output ports and multi-function

timer/counter.

Part No. ROM RAM PACKAGE O1P MCU OPERATION VOLTAGE RANGE
TMP87CA05AM 4K byte 256 byte SOP28-P-450-1.27 | 1MP87P808M 12.7V 10 5.5V at4.2 MHz
Features

# 8-bit single chip microcomputer TLCS-870 series
4 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 s (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)
@ 9interrupt 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 TMP87C405AM
@ Input/Output ports (22 pins)
e 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.
® Operatingvoltage: 2.7 to 55 V at 4.2 MHz/4.5 t0 5.5 V at 8
MHz
@ Emulation pod :  BM87C408MOA

SOP28-P-450-1.27

980901E8P

@ For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the chapter
entitled Quality and Reliability Assurance/Handling Precautions.

@ TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor
devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress.
It is the responsibility of the buyer, when utilizing TOSHIBA products, to observe standards of safety, and to avoid
situations in which a malfunction or failure of a TOSHIBA product could cause loss of human life, bodily injury or
damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent products specifications. Also, please keep in mind the precautions
and conditions set forth in the TOSHIBA Semiconductor Reliability Handbook.

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

@ The information contained herein is 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 implication or ot¥\erwise under any intellectual
?roperty or other rights of TOSHIBA CORPORATION or others,

@ The information contained herein is subject to change without notice.
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Pin Assignments (TOP VIEW)
SOP28-P-450-1.27

XOoUT ~—[}1 ~ 28 [ 1=— vpD
XiN =[] 2 27 [ -«— RESET
TEST —L[13 26 [ =~ P10 (INT0)
P67 - []4 25 [ = p11 (INTH)
P66 <=5 24 {1 - P12 (INT2/TC1)
(sTOP5) P65 =[] 6 23 {] == P13 (DV0)}
(STOP4) P64 —=»[]7 22 [ == P14 (PPG)
(STOP3) P63 =[] 8 21 [3 == p15(TC2)
(5TOP2) P62 == [19 20 Q- P16
P61 =410 19 [ - p17
PE0 =[] 11 18 [J - p72
P77 =[] 12 17 D~ p73
(STOP/INT5) P76 ~>[]13 16 [ == p74
vss —=[314 15 [ <= p75

Block Diagram

Power vDD
Supply L vSS o

1T 1T 1T 1T )
P S W l Stack Pointer I Dota Memary Program Counter l
ALU Flags l RBS i ) (RAM)
T —pt—Ll——1 T
I I % [ Register Banks I
BECET b - “~
Reset 0 RESET System Controller
TestPin TEST >
Program Memory
Standby Controller Interrupt Controller {ROM)
- P
Clock Gear ‘f T 1‘

Timing Generator ~ P| Time Base 16-bit

Resonator XIN Timer Timer/Counters 4
g;r;nedxng{XOUT_{ igh Clock QL ] ez m;:g;i::iec:n

frequency| Generator Watchdog Y Wstiucticn

Timer Decoder
L% = \
—
“——1 Key Wake Up m m P7

L 1L 1L
P67 " PyT r7?
P&6 to to
P65 {$TOPS) Pi0 P72

to  to
P62 (STOP2)
PR1
PEO
{stop mode release)
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Pin Function

Pin Name

Input/ Output

Function

P10 (INTO)

8-bit programmable input/output

port (tri-states)

Each bit of the port can be individually
configured as an input or an output under
software control. When used as an
external interrupt input or a timer
counter input, the input mode is
configured. When used as a divider
output or a PPG output, the latch must be
set to “1" and the output mode s
configured.

Divider output

External interrupt input 2 or Timer/Counter 1 input

External interruptinput 0

P67, P66

8-bit programmable input/output port
(tri-states). Each bit of the port can be
individually configured as an input or an
output under software control. When
used as stop mode release input, the
input mode is configured.

6-bit programmable input/output port

P77 1{e] (tri-states).
.............................................................. EaCh bit of the pon can be individua”y
P76 (STOP/INTS) O (Input) configured as an input or an output under | STOP mode release input/External interrupt 5 input
.................................... reeereneneneeeeeneeso | sOftware control.
P7510 P72 [Tle) When used as an external interrupt input,

the input mode is confiqured.

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

P P For inputting external clock, XIN is used and XOUT is opened.
RESET YO 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

Vvss 0V (GND)
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Operational Description

1. CPU Core Functions

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

circuit.

1.1  Memory Address Map

The TLCS-870 Series is capable of addressing 64K bytes of memory. Figure 1-1 shows the memory address
maps of the 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 /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.

ROM

87C405A

Vector table for
vector call instruction
{16 vectors)
interrupt vector table
(16 vectors}

[ 0000y
SFR i 64 bytes
Q03F v
00?0 Register banks
i | 128bytes | | (gregistersx 16 banks)
Q0BF |[....covvvuennen
00¢0
RAM i | 128bytes Note ;
013F z
OFFO
pBR| | | 8bytes
OFE7
P F =
rd

Entry area for page
call instruction

ROM ;

RAM,;

SFR;

DBR;

Read Only Memory includes :
Program memory
Random Access Memory includes :
Data memory
Stack
General- purpose register banks
Special Function Register includes :
l/O ports
Peripheral hardware control registers
Peripheral hardware status registers
System control registers
Interrupt control registers
Program Status Word
Data Buffer Register

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

The 87C405A have a 4K bytes (addresses FO0O to FFFFy) of program memory (mask programmed ROM).
Addresses FFO0 to FFFFH 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 a). There are 16 vectors. The CALLV instruction increases memory efficiency when utilized
for frequently used subroutine calls (called from 3 or more locations).

3

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

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

Programs and fixed data are stored in the
program memory. The instruction to be
executed next is read from the address
indicated by the current contents of the
program counter (PC). There are relative jump
and absolute jump instructions. The concepts
of page or bank boundaries are not used in the
program memory concerning any jump
instruction.

Example The relationship between the

jump instructions and the PC.

@ 5-bit PC-relative jump [JRS cc, $+2 +dl

F8C4H: JRS T, $+2+08H

When JF =1, the jump is made to F8CEy,
which is 08 added to the contents of the
PC. (The PC contains the address of the
instruction being executed +2;
therefore, in this case, the PC contents
are F8C4y + 2 =F8CHY.)

@ 8-bit PC-relative jump [JR cc, $+2+d]
F8C4H: JR Z, $+2+80H
When ZF = 1, the jump is made to F846y,
which is FF80y (-128) added to the
current contents of the PC.

16-bit absolute jump [JP  al

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

Address
FOOOy ROM

contents

¥ T Example : Therelationship

i between ROM

H Contents and Call
FF0 group

H instructions/Interrupt/

Reset
T T CALLP7BH ; PCeFF7By

FFBF
FFCO | Callvector(l) 156 CALLV OH ; PCe-F856y
FFC1 Call vector (H) F8
FFC2
FFDF
FRE0  [interruptvector (L)) 68 INTS ; PCeF368
FFE1 {interruptvector (H)| F3
FFE2
FFFD
FFFE | Resetvector(l) |3¢ RESET i PCeFO3EN
FFFF Reset vector (H) | FO

Figure 1-2. Program memory map
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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)
Lo A, (HL) ; A«ROM (HL)

Example 2 : 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-$-4 ; P1¢ROM (TABLE +A) f ﬁb
LD (P1), (PC+A) &
JRS T, SNEXT ; Jump to SNEXT eméc‘h
TABLE: DB OCOH, OF9H, 0A4H, 0BOH, 99H, 92H, 82H, 0D8H, 80H, 98H d
SNEXT : e —
Notes: “$”isaheader address of ADD instruction. DB is a byte data SHIC A
definition instruction. L P (PC+A) o
Example 3 : N-way multiple jump in accordance with the contentsof ~ |_.__.2 34 ]
accumulator (0 = A =3). ;;
SHLC A ; if A=00y then PCeF234y [T F3 |
P (PC+A) if A=01y then PCeF378y |____.: 37 ]
if A=02y then PCeFA37y ;8
if A=03y then PCeF1BOy [T 1
DW OF234H, OF378H, OFA37H, OF1BOH T

[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 memory 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 FFFEH, respectively,
the execution starts from address FO3Ey after reset.

The TLCS-870 Series utilizes pipelined processing (instruction pre-fetch); therefore, the PC always
indicates 2 addresses in advance. For example, while a 1-byte instruction stored at address F1234 is being
executed, the PC contains F125y.

MsB LB !
1514131211109 8 7 6 5 432 1 0 Program Counter 3 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 (b) 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 00FFy are used as a direct addressing area to enhance instructions which utilize this
addressing mode; therefore, addresses 0040 to 00FFy in the data memory can also be used for user flags
or user counters.

Example 1 : [f bit 2 at data memory address 00COy is “1”, D0 is written to data memory at
address 00E3n; otherwise, FFy is written to the data memory at address 00E3y.
TEST (00COH).2 ;i {00C0H)2 =0 thenjump
JRS T,SZERO
CLR (ODE3H) ; (00E3)«-00y
JRS T,SNEXT
SZERO : LD (O0E3H), OFFH ; (00E3p)eFFy
SNEXT :
Example 2 : Increments the contents of data memory at address 00F5y, and clears to 00y when
10y is exceeded.
INC (0OF5H)
AND (0OF5H), 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 : Clears RAM to 0 exceptthe bank 0

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

LD A, H ; 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.
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Address 0 1 2 3 4 5 6 7 8 9 A B C D E F
0040y . Registerbank0 . Register bank 1 )
- Regmrbankz Regmrganm
o | e o N Reg,;terianks
wo | . ..... Reg|§terbanl€6 ............................. Regl;terBanIG ............
oo | TSR |
0090 I:iegi§ter t:>ank:10 . l}egigter l?ank:H
00A0 ‘ """ i:iééi'%'t:a'r' bank12 _ : Register bank 13
om0 | Resister bank ia T Registar bank 15"
00C0 i
R e o S S
00F0 ' )
0100
o110 O
0120 .................................
O e S S o s B o o i

Figure 1-4. Data memory map

1.5 General-purpose Register Banks

General-purpose registers are mapped into addresses 0040 to 00BFy in the data memory. There are 16
register banks, and each bank contains eight 8-bit registers W, A, B, C, D, E, H, and L. Figure 1-5 shows
the general-purpose register bank configuration. The unused register banks can be used as a data

memory.

Bank 0 (0040 to 0047y)

(a) Configuration

Bank 15 (0088 to 008Fy)
Bank 14 (00BO to 00B7y)

Bank 13 (00AS to 00AF,)
Bank 12 (00AO to 00A7}))

Bank 4 (0060 to 0067,)
Bank 3 (0058 to D05F.)
Bank 2 (0050 to 0057y)
Bank 1 (0048 to 004Fy)

Example : Bank 0

Wi A
(0041y,) { (0040y)

H L
(0047,y) : (0046y,)

(b) Address assignments of registers

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

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

Examples: @ ADD A, B i 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,
Q 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) ; Loads the memory contents at the address specified by HL into A.

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

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

(3] LD A, (HL+) ; Loads the 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 ; Setsdestination address
Lo DE, SRCA ; Setssource address
SLOOP: LD (HL), (DE) ; (HL) «(DE)
INC HL ; HLeHL+1
INC DE ; DE«DE+1
DEC B ; BeB-1
JRS F, SLOOP ; if B20 thenloop

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

Example1 : Repeatprocessing
LD B,n ; Setsn as the number of repetitions
SREPEAT: ! :

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

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

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

RHighly 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.
PINT?t : 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 [RETIJ/[RETN].
[PUSH PSW] and [POP PSW] are the PSW access instructions.

1.6.1 Register bank selector (RBS)
The register bank selector (RBS) is a 4-bit register used to select

7 6 5 4 3 2 1 0

general-purpose register banks. For example, when RBS=2, || JF ZF CF HF RB:S
bank 2 is currently selected. During reset, the RBS is initialized to ——
“g". 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 haif 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 cc, $+2 +d], [JRS cc,
$ + 2 +d]. After reset, the jump status flag is initialized to “1", other flags are not affected.

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

(2) 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 CFis
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 074 and
bit 0 content of address 9Ay is written to bit 2 of address 01y.)

LD CF, (0007H).5 5 (0001)2 «(0007)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 ], or [DAS r}instructions).

Example: BCD operation
(The A becomes 47 after executing the following program when A = 19y, B =28y.)
ADD A, B ; Ae41y, HF&«1,CF=0
DAA A ; Ae41y + 06y = 47y (decimal-adjust)

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

Example : Jump status flag and conditional jump instruction

INC A .
JRS T, SLABLE1 ; Jump when a carry is caused by the immediately
: preceding operation instruction.
LD A, (HY)
JRS T, SLABLE2 ; JFissetto "17 by the immediately preceding
: instruction, making it an unconditional jump
instruction.
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Example :The accumulator and flags becomes as shown below after executing the following instructions
when the WA register pair, the HL register pair, the data memory at address 00C5y, the carry flag
and the half carry flag contents being “219A4", “00C541", “"D71", “1", and “0", respectively.

Instruction A“Ua’;‘t‘e”raw' Flag:aﬁer.execu}ion Instruction A“‘;’;‘t:'ram' Flag.after-exew.tion
execution | JF i ZF | CF i HF execution | JF i ZF | CF | HF

ADDC A, (HL) 72 1io i INC A 98 oioitio
SUBB A, (HL) Q@ 1010 ROLC A 35 1010
cMP A, (HU 9A 0010 RORC A ) cioioio
AND A, (HL) 92 ¥} 0 1 0 ADD WA, OF508H 16A2 1 0 1 0
Lo A, (HL) 07 1010 MUL W, A 13DA 0010
ADD A, 66H 00 1111 SET A5 BA 1110

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 fram 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 | ¥ L8
) ] L 151413121110 9876543210

subroutine call or a push instruction is executed, or when an -

interrupt is accepted; and the SPC is pre-incremented when a Stack Pointer (SP) I

return or a pop instruction is executed. The stack deepens to

the direction of the lower address. Figure 1-8 shows the change

of the stack access and the SP.

The SPis not initialized hardware-wise but requires initialization by an initialize routine (sets the highest

stack address). [LD SP, mn], [LD SP, gg] and [LD gg, SP] are the SP access instructions (mn; 16-bit

immediate data, gg; register pair).

Figure 1-7. Stack pointer

Example 1:To initialize the SP

LD SP, 013FH ; SPe-D13Fy
Example 2 : TO read the SP
Lo HL, SP ; HLeSP

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 a RET instruction instruction

Stack
depth

i)

it
i

(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 ... | ceecr | | TR |

E ......... generator 0030y WOO%H
1 H
-{ XIN . Hfe fegeky
| I D : High-frequen : Timin
: g quency i Clock gear 9 Stand-by controller

] I :
»-” T D clock oscillator | generator
o XEE
........................................ D
System clocks
0038y 00394

[ sysecri || svscrz

777 Clock generator control System control registers

Figure 1-9. System clock controller
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1.8.1 Clock generator
The clock generator generates the basic clock which provides the system clocks supplied to the CPU core
and peripheral hardware.
The 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.

it High-frequency clock ============== 1
i i
XIN XOouT XIN XouT H
(I

(open) |

1

O :

1

H

i

7 o 5

1

(a) Crystal/Ceramic (b) External oscillator |
Loresenator |

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 puilse. 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, f</4 and /8. Power consumption can
be redued by switching of the high-frequency from fc to f¢/2, fo/4 and fo/8. The clack gear consists of a
divided-by-8 prescaler with a mutiplexer.

Prescaler
High frequency >——| 1 |2|3
clock
fc/8
fe/d ________icﬂ Timing generator
MPX
fc/2
fc
ﬁ 000304
Clock gear control register Note : MPX; Multiplexer

Figure 1-11. Configuration of clock gear
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7
CGCR l 0 I

| (initial value : 000« 1000)

(00030,)

FCGCK

: reserved

Gear clock selection (write)

i fe

/ gear clock monitor {read) o2
s fod
:fu8
: reserved
: reserved
: reserved

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

Figure 1-12. Clock gear control register

fe/8

l [ | | | I | I I

FCGCK 1000 X 1011 :
Instruction X LD (CGCR), 0By X X
execution ; b

fegek =f¢ i Gear clock changing fegek = fu/8

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

1.8.3 Timing generator
The timing generator generates from the basic clock 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 sutput (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 |fcack Machine cycle counters
Prescaler Divider Divider

. fo/28

:L;B(’l‘('f'eq“ency, fe {1|2! g li]21z]als5 16 7|89 [ro}11[12[13f1af15]16]17{18]19[20|21
Stand-by
controller

Timer/ >

Counters Watchdog
Timer

bommsrmsemresan e
e |

Timer Base
Timer

Divider
output circuit
rd

(2) Machine cycle

Figure 1-14. Configuration of timing generator

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 $3), and each state consists of one main system clock.

1/fegek [s}

Main System Clock I I

:
state | S0 3 2 s3 so | si | s2 53 |
1
'I‘ Machine cydle d
Figure 1-15. Machine cycle
Table 1-1. Machine cycle example
Frequency Machine cycle
fegek = fe fegek = fo/2 fegek = fo/d fegek = fo8
fc =8 MHz 0.5 us 14 245 445
fc=4 MHz 15 245 4.5 8us
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1.8.4 Stand-by controller
The stand-by controller starts and stops the oscillation circuits. These mades 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 “ .' . CPU core .p . X Y
mode circuit circuit time
RESET reset reset
turning on
NORMAL oscillation operate 4/fcgek [s]
operate
IDLE
halt
Turning off —
STOP oscillation halt

Figure 1-16. Operating mode transition diagram
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System Control Register 1

SYSCR1 z 8 2 4 2 2 h
(0038, LsTop [Rem| o Jourew] wpr | (initial value : 0000 00*)
0 : CPU core and peripherals remain active
STOP STOP mode start
made 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
ouTEN | POt output control during | 0 : High-impedance RW
STOP mode 1 : Remain unchanged
S . 00: 3x2'%/fc
WUT Warming-up time at 01: 216/ fe
releasing STOP mode 10: 3x2%/fc
11 2%/ fe

Note1: Alwayssetbit5to "0". .

Note2: Bits1, 0inSYSCRI is read in as undefined value when a read instruction is executed.

Note3: fc ; «clock [Hz]
* ; don’t care

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

System Control Register 2

SYSCR2
(0039) [xen [ o [ o
‘High-frequency oscillator : Turn off oscillation
control 1 : Turn on oscillation

0 : CPU, WDT operate
1 : CPU, WDT halt (IDLE mode start)

(Initial value : 1000 #*#=)

<

XEN

IDLE IDLE mode start

Note1:  Aresetisappliedif XEN is cleared to "0,

Note2: Alwayssetbit6, 5to “0”.

Note 3 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 controlled by the system control register 1 and the STOP pin input. The STOP pin is also
used both as a port P76 and an INT5 (external interrupt input 5) pin. The STOP mode is started by

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

® 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 INT5S interrupt.

PINTS : TEST (P7).6 ; Toreject noise, the STOP mode does not start if
JRS F, SINTS port P76 is at high.
" LD (SYSCR1), 010000008 ; Setsup the level-sensitive release mode.
SET (SYSCR1).7 ; Starts STOP mode
LDW (IL), 11100111010101118  ; IL7, 5, 3 &« O {clears interrupt latches)
SINTS : RETI
S \ /Ay
TGP pin B - Vin \
£ :
4 |
xourin T LT pra
1 ] ]
NORMAL - STOP mode : Warm-up  =»le—— NORMAL operation
operation .
Confirm by program that STOP mode is release by the hardware.
chSTOP g.:%?putt;s low Always released if the STOP
and start maode. pininputis high.
Figure 1-18. Level-sensitive release mode
Note 1: After warm-up start, even if STOP pin input is fow again, STOP mode does not restart.
Note2: When changing to the level-sensitive release mode from the edge-sensitive release mode, the release

mode is not switched until a rising edge of the STOP pin input is detected.
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b. Edge-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)
DI ; IMFe0
SET (SYSCR1). STOP ; STOP ¢ 1 (activates STOP mode)
LDW (L), 11100111010101118 ;s IL7,5, 3 « 0 (clears interrupt latches)
El ; IMFe1
! 14
- H ViK \ \
STOP pin b N 1 £4
45 i (t
XOUT pin H l | | I ”“””
NORMAL — ple — STOPmode —»e Warmup e rorval e STOPmode —
operation / % operation /
STOP mode started
by the program. \'— 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
WUT (bits 3 and 2 in SYSCR1) as determined by the resonator characteristics.

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

Table 1-2. Warming-up time example

Warming-up Time [ms]
WUT at fc=4.194304 MHz atfc=8MHz
00 46.87 24.57
01 15.62 8.19
10 11.73 6.15
1 3.9 2.05

Note:

The warming-up time is obtained by dividing the basic clock by the divider: therefore,

the warming-up time may include a certain amount of error if there is any fluctuation of
the oscillation frequency when STOP mode is released. Thus, the warming-up time must
be considered an approximate value.

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

normal reset operation.
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(2)

observed.

input).

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

The power supply voltage must be at the operating voltage level before releasing
STOP mode. The RESET pin input must also be high, rising together with the power
supply voltage. In this case, if an external time constant circuit has been connected,
the RESET pin input voltage will increase at a slower rate than the power supply
voltage. At thistime, 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

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

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

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

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

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

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

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

IDLE mode is released by any interrupt source
enabled by the individual interrupt enable flag
(EF) or an external interrupt 0 (INTO) request.
Execution resumes with the instruction
following the IDLE mode start instruction. The
interrupt 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")

o
Interrupt request
Normal ) v
es

release mode

[ Starting IDLE mode I
by instruction

I CPU, WDT are halted I

N

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
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1.9

Interrupt Controller
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

remainder are all maskable interrupts.

Interrupt latches (IL) that hold the interrupt requests are provided for interrupt sources. Each interrupt
vector is independent. The interrupt latch is set to “1“ when an interrupt request is generated and
requests the CPU to accept the interrupt. The acceptance of maskable interrupts can be selectively
enabled and disabled by the program using the interrupt master enable flag (IMF) and the individual
interrupt enable flags (EF). When two or more initerrupts 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

ngép:al{ (Reset) Non-Maskable — FFFEY High 0
Internal | INTSW  (Software interrupt) Pseudo non- — FFFCy 1
Internal | INTWDT (Watchdog timerinterrupt) maskable 1Lz FFFAy 2
External |INTO (External interrupt 0) IMF=1,INTOEN =1 L3 FFFBy 3
Internal | INTTCt  (16-bit timer/counter 1interrupt) | IMF-EFg=1 ILq FFF6y 4
External [INT1 (External interrupt 1) IMF - EFg = 1 ILs FFF4y H
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-EFj3=1 ILyg FFE2y 8
External |INTS (External interrupt 5) IMF-EFyg=1 ILys FFEOH Low 9
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M

Interrupt latches (ILys to ILg)

Interrupt latches are provided for each source, except for a software interrupt. The latch issetto “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 : Clear§ intérrupt latches
LDW (IL), 1111110100111111B; ILg to |Lg«0
Example2 : Readsinterrupt latches

LD WA, (IL) iWe-lly, Aelly
Example 3 : Testsaninterrupt latch
TEST (IL).7 ;IL7 = 1 then jump
JR F,SSET
SSET:
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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).
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.

Pseudo non-maskable

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

@ Interrupt master enable flag {IMF)

by an instruction (including read-modify-write instructions such as bit manipulation instructions).

The interrupt master enable flag (IMF) enables and disables the acceptance of all interrupts.

Clearing this flag to “0” disables the accep
enables the acceptance of interrupts.
When an interrupt is accepted, this flag

tance of all maskable interrupts. Setting to “1”

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 003Ap in the SFR, and can be read and written by an
instruction. IMF is normally set and cleared by the [El] and [Dl] instructions, and the IMF is

initialized to “0” during reset.

Individual interrupt enable flags (EFs5 to EF

4)

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 ; EFys5, EF14, EF7, EFs5, IMFe1
Example2:  Setsan individual interrupt enable flag to “1”
SET (EIRH).1 ;  EFge=1
Interrupt latch 15 4 13 12 1 10 9 8 7 6 5 4 3 2 1 0 .
(OOBCH,OOBDH)[lLls g 0 : 0 0 P0 g i 0 lIL7 Pllg lbg fbg i Mg M | ;
‘ ILy (003D;) 1L (003Cw)
Interrupt enable register {Initial value : 00000000 000000+ )
(OOSAE%OHH)EFH iEFiai 0 P 0 10 ! 0 (EFgi 0 ,I\EF7 : EFg : EFs : EFg | i IMFI

EIRy (003By)

Note 1:
Note2:

Do not use any read-modify-write instruc
Do not clear the IL2 by an instruction.

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

EIR (003Ay)

(Initial value : 00000000 0000++*0)

tion such as bit manipulation for clearing IL.

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 o “0”.

® The contents of the program counter and the program status word are saved (pushed) onto
the stack. (pushed down in order of PSW, PCy, 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 programiis executed.

Interrupt service task

!||||||||||$S|||||||

1 machine cycle

13
Interrupt | A-I
signal (\

Interrupt
latch

IMF

~

| A
B \
lenxs;mﬁ«i)%“ x 'enxset?dﬁ'o%" X Interrupt acceptance ’}E}Lﬂ .:3," \ X RETI instruction execution
f
re = X : O30 4)2D GERTE £ 30 30
Note1: a;returnaddress b, entry address ¢ ; address when the RET! instruction is stored

Note2: Themaximum response time from when an IL is set until an interrupt acceptance processing starts is
38/fegckls]. 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

F203y
F204y

FFF2y
FFF3y
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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 enable flags. However, an acceptance of
external interrupt 0 cannot be disabled by the EF, therefore, if disablement is necessary, either the
external interrupt function must be disabled with the external interrupt control register (INTOEN) or
interrupt processing must be avoided by the program. (When INTOEN =0, the interrupt latch IL3 is
not set, therefore, the falling edge of the INTO pin input cannot be detected.)

Example 1 : Disablesan external interrupt 0 using INTOEN:
CLR (EINTCR). INTOEN ;INTOEN&O
Example2 : Disablesthe processing of external interrupt 0 under the software control (using bit 0
at address OOFOH as the interrupt processing disable switch):
PINTO : TEST (00FOH).0 ; Returnswithoutinterrupt processing if (00FOy)g = 1.
JRS T, SINTO
RETL e
SINTO: iinterruptprocessing_}
RETI
VINTO : bw PINTO

(2) _General-purpose register 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

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

Example : Register save using push and pop instructions
PINTxx : PUSH WA ; Save WA register pair
PUSH........! HL iy ; Save HLregister pair
| Interrupt processing :
POP HL ; Restore HL register pair
POP WA . ; Restore WA register pair
RETI ; Return
...................................... Address (Example)
................... 0138“
' 0139
| 0134
| 0138
B e I 013
013D
- |o13€
SP —> 1 013F

At acceptance of At execution of a push At execution of a pop At execution of an interrupt
an interrupt 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 a single interrupt.

Example : Saving/Restoring registers by data memory transfer instructions

PINTxx : LD (GSAVA), A ; Save Aregister
Interrupt processing
(X R A, (GSAVA) ; Restore A register
RET! ; Return
Main task Main task
Acceptance  Interrupt Acceptance  Interrupt
‘ Bank m ‘ofln errupt  service task l I ofinterrupt  servicetask

Switch to bank n by
[LD RBS, n} instruction

...................... Restore bank |
rT Interrupt return automatically by \\\\
interrupt return \
instruction [ N
Interrupt return

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

Restoring
registers

Figure 1-26. Saving/restoring general-purpose registers
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(3)

Interrupt return .

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 is incremented 3 times.

The interrupt master enable flag is set to

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

The stack pointer is incremented 3 times.

The interrupt master enable flag is set to

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

interrupt service program.

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

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

the interrupt service is performed but not the main task.

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

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

instruction for software break in a development tool.

Use the [SWI] instruction only for detection of the address error 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 FFy to unused areas of the program memory. Address-trap-
reset is generated for instruction fetch from a part of RAM area (addresses 0040 to 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 SW1 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 TNTO / P10 pin can be configured as either an
external interrupt input pin or an input/output port, and is configured as an input port during reset.
Edge selection, noise rejection control and INTO / P10 pin function selection are performed by the
external interrupt control register.

Table 1-4. External interrupts

Source Pin 135&2‘:&.“ Enable conditions Edge Digital noise rejection circuit
INTO INTO P10 IMF=1, INTOEN =1 Falling edge ~ (Hysteresis input)
Pulses of less than 15/fc or 63/fc(s}
. are eliminated as noise. Pulses
INTH 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 | ax noie. pulkes squal fo
INT2 INT2 P2/1C1 IMF - EFy =1 or more than 24/fc [s] are regarded
as signals.
INTS INTS P76/STOP |IMF-Efi5=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 INT0 and INTS pins must be over 1
machine cycle.
INTO/INTS input | UnTL tintk > toye

Note : tcyc = d/fcgcek [s] at NORMAL, IDLE mode

tnTL UNTH

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)
@ INTZ2 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 ;  OUTEN«0 (Specifies High-impedance)
Di ;. IMFe0

SET (SYSCR1), STOP ;  STOPe—1 (Activates STOP mode)

LODW (L), 1111111101010111B . 17,5, 3¢0 (Clears interrupt latches)
El ; IMFe1
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6 5 4 3 2 1 0

7
EINTCR . , 5
o037y L'NEI™RJ i i [MRiW] i (nitialvalue: 00+0 000%)

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

INTINC | INT1 noise reject time select 1 : Pulses of less than 15/¢ [s] are eliminated as noise
= s . 0: P10input/output port
INTOEN | P10/INTO pin configuration 1 1 INTO pin (Port P10 should be set to an input mode.) RAW
INT2 ES 0 : Rising edge
INT2, INT1 edge select R
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

internal reset -

woTT

fc /28— § Binary Counter
fc/Z:; > Clock Overflow
fer2¥ —> —
fo/27 & Clear
2// I

Reset release

R

—‘—‘——:D_\EBI output Reset output
1|2 [ D—ts_ofH{>1reser

Interrupt request
| Tty

S

Q
R
WDTEN g Writing Writing

disable code |clearcode

WDTOUT

Controller

0034y I !

00354 I

| wotert | [ worcrz |

Watchdog Timer Control Registers

Figure 1-28. Watchdog timer configuration

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

after reset.

(1) Malfunction detection methods using the watchdog timer
The CPU malfunction is detected as follows.
@ Setting the detection time, selecting output, and clearing the binary counter.
@ Repeatedly clearing the binary counter within the setting detection time.
If the CPU malfunction occurs for any cause, the Watchdog Timer cutput 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.
Sets the Watchdog Timer detection time to 221/fc[s] and resets the CPU malfunction.

Example

Within 3/4
of WDT
detection
time

Within 3/4
of WDT
detection
time

LD
LD
Lo

D

b

(WDTCR2), 4EH
(WDTCR1), 000011018
(WDTCR2), 4EH

(WDTCR2), 4EH

(WDTCR2), 4EH

'
I

’

’

Clears the binary counters

; WDTT«10, WDTOUT«1
; Clearsthe binary counters

(Always clear immediately after changing WDTT)

; Clearsthe binary counters

; Clears the binary counters
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WODTCR1
{00344)

Watchdog Timer Control Register 1
6

2 1 0
woTT wor (initial value *#»+ 1001)

WDTEN

Watchdog timer enable / 0 : Disable (itis necessary to write the disable code to WDTCR2.)
disable 1 : Enable

WDTT

00:2%/%¢ [s]

Watchdog timer detection | 01:2%/4c write
time 10: 22/ fc only
11:2%9/%c

WDTOUT

Watchdog timer output 0 : Interrupt request
select 1 : Reset output

Note 1:
Note 2 :
Note 3 :
Note 4 :

WDTOUT cannot be set to “1“ by program after clearing WDTOUT to “0”.

fc; High-frequency clock[Hz] =, don’t care

WDTCR1 is a write-only register and must not be used with any of read-modify-write instructions.
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, dear the counter again
subsequently to releasing STOP mode.

Watchdog Timer Control Register 2

7 6
WDTCR2 T
{00354

WDTCR2

5 4 3 2 1 4]
: B I (Initial value *xax #xuw)
4By : Watchdog Timer binary counter clear
. (clear code) .
Zz:;cvtﬁ:egreni;:;r control B1y : Watchdog Timer disable v;:"lt;
! g (disable code)
Others : invalid

Note 7 :
Note 2 :
Note 3 :

Noted :

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

«, dontcare

Since WDTCR2 is a write-only register, read-modify-write instructions (e.qg.. 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,

To clear binary 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 (B 1) 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), 08101H ; WDTEN&OQ, WDTCR2¢disable code

Table 1-5. Watchdog timer detection time

Detection time
WDTT fc=8MHz
00 4.194s
01 1.0485
10 262.1 ms
11 65.5ms
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1.10.3 Watchdog timer interrupt (INTWDT)
This is a pseudo non-maskable interrupt which can be accepted regardless of the contents of the EIR. 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 ; Setsthe stack pointer
LD (WDTCR1), 000010008 ; WDTOUTe0

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/fegck [s] (1.5 t0 2.0 ps at 8 MHz, 3.0 to
4.0 s at 4 MHz, gear ratio 1/1). The RESET pin is sink open drain input/output with pull-up resistor.

29/fc [s]
2Yfc
Clock i [ LI [Tworr=m
Binary counter 1 X 2 3 o_X 1 A2 X 3 X_0
Overflow .
INTWOT interrupt "
WDT reset output _—_—__-——f—————_—(I-i.i-z_)—______—__—-IE'_L'__O_\nput)

Writes 4Ey 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
s at 8 MHz, 4 s at 4 MH2).

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) (FFFER) - (FFFER) 0
generator
Register bank select RBS 0 :
gisterdani selector (RES) Watchdog Timer Enable
Jump status flag [413] 1
Interrupt master enable flag ~ (IMF) 0 . Refer to /0 port
. Output latches of inputioutputport |
Interrupt individual enable flags (EF) 0 circuitry
, Refer to control
Interrupt latches (i) 0 Control register :
reqisters

87C405A-36




TOSHIBA TMP87C405A

1.11.1 External reset input
The RESET pin contains a hysteresis input with an internal pull-up resistor. When the RESET pin is held at
low for at least 3 machine cycles (12/fcgck [s]) with the power supply voltage within the operating
voltage range and oscillation stable, a reset is applied and the internal state is initialized.
When the RESET pin input goes high, the reset operation is released and the program execution starts at
the vector address stored at addresses FFFE to FFFFy.

vDD
RESET Reset input
Watchdog Timer I
Int | e
nterna sourc. . Address trap detection l
reset output circuit
Sink open drain System clock detection I

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/fcgek [s] (1.5 to 2.0 us at 8BMHz, 3.0 to 4.0 us at 4MHz).

Instruction P a { reset release Xinstruction ataddress r
execution ! 1

e Addresstrapisoccurred I LI
RESET output 1 ("L" output) (Hi-2)}

1
]
i
| 12/fcgek to 16/cgek ()
Note 1:  aisanaddressin 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/fcgek [s] (1.5 s ~ 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 2-1shows the 87C405 SFR.

Address Read Write Address Read Write
00004 | ..o, reserved " 00204
01 Plport 21
02 22
03 23
04 24
05 25
06 26
07 27
08 oo YR 28
09 29
[0 S P SR RRTRRS . 2A
0B P1CR(P1 port YO control) . 2B
0c PECR (P6 port VO cantrol) , 2C
0D oeoeeereeeeeees Mo ctenemnean PICR1 (P7 port YO contral 1) 2D
3 - . reserved 2E
OF reserved 2F
10 30
" 3N
12 32
13 33
14 34
15 35
}g : Iizg;; (Timer register 2) ;?
18 38
19 39
1A 3A
18 3B
1C 3C
1D 30
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
GRBS.

Noted: Werite-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/OPorts ‘
The 87C405A has 3 ports, 22 pin input/ output ports.

TMPB87C405A

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

@ P6port ;8-bit/Oport (STOP mode release input)

@ P7port ;6-bitl/Oport (Externalinterruptand Timer/Counterinput/output)

Each output port contains a latch, which holds the output data. Al input ports do not have latches, so
the external input data should either be held externally until read or reading should be performed
several times before processing. Figure 2-2 shows input/output timing examples.

External data is read from an 1/O port in the 51 state of the read cycle during execution of the read
instruction. This timing can not be recognized from outside, so that transient input such as chattering
must be processed by the program. Output data output changes in the 52 state of the write cycle during
execution of the instruction which writes to an I/O port.

| fetch cycle : fetch cycle : read cycle |

S0 S1 S2 53 SO S1 S2 S3 SO S1 S2 S3

Instruction
execution cycle

Input strobe -res - I I . seem

- I ..

E)l(amele :ILD .A‘ (Ix)

Datainput
(a) InputTiming
| fetch cycle : fetch cycle : write cycle |
S0 S1 S2 S3 50 51 S2 S3 S0 51 S2 83
instruction - T

Example:LD (x), A
1 1 [} 1 1 1

1

A

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

execution cycle

Outputlatchpulse ...

Data output

Figure 2-2. Input/output timing (Exampie)
When reading an I/0 port except programmable I/0 ports, whether the pin input data or the output latch
contents are read depends on the instructions, as shown below :

(1) Instructions that read the output latch contents

@® XCH r, (src)
@ SET/CLR/CPL (src).b
@ SET/CLR/CPL {pp).g
@ LD (src).b, CF

® LD (pp).b,CF
® ADD/ADDC/SUB/SUBB/AND/OR/XOR (src),n
@ (src) side of ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), (HL)

(2) 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/Counterinput, 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”. Itis recommended that pins P11 and P12 should be used as External interrupt inputs, Timer/
Counter input, or input ports. The interrupt latch is set at the rising or falling edge of the output when
used as output ports. Pin 10 can be configured as either an input/ output ports with INTOEN or an

External interrupt input. During reset, pin P10 is configured as an input port.

STOP
OUTEN

P1CRi
Datainput

Data output
P1i
Control
output
Control A
input Note: i=7to0
746.5_4.3'2_1_0
P1 P17 i P16 | P15 | P14 [ P13 ! F;l12 i P11 P10
(00014) (3 PPG BVG TCi §INT1 {TNTD (initial value : 0000 0000)
P1CR 7 6 5 4 3 2 1 B
f000Bk) [ ; : : ; : ](Inmal value: 0000 0000)
P1CR /O control for port P1 0 : Input mode write
(specified in one-bit unit) 1 : Output mode only
Note: PI1CRisa 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 outputdatais “1* for the P17 and P14 pins, and “0” for the
P16 pin.
LD  (EINTCR), 01000000B ; INTOEN<«1
Lb (P1),10111111B ;. P17&1, P14e1, P16¢0

LD  (P1CR), 110100008

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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2.2.2 Port P6 (P67 to P60)
Port P6 is an 8-bit general-purpose input/output port which can be configured as an input or an outputin
one-bit unit. 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”.

sTOP °
OUTEN

PECRi

Datainput ' )1

Dataoutput ~——>lp Q

[:I P6i(i=0t07)

\

Output latch

Key wake-up input 4—-0@—— Pk (k=210 5)

PG 7 6 5 4 3 2 1 0
(00064) ["Pg7 © P66 P65 ; P64 : P63 | P62 | P61 | PO

isTOPS {sTOP4 ! STOP3 iSTOP?2 |

(Initial value 0000 0000)

P6CR 7 6 5 4 3 2 1 0
(000CR) [ H H 7 ] (Initial value 0000 0000Q)

PECR 1/Q control for port P6 0 : Inputmode write

(specified in one-bit unit) 1 : Output mode only

Note1 : Used analog input pins or key wake-up input must be configured as input mode.
Note2 : The P6CR is a write-only register and cannot be used by any read-modify instructions.

Figure 2-4. Port P6 and P6CR

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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2.2.3 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, P7CR1is
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

A

Data input
P7CR2i

VA

Dataoutput —|P ¢ e i I P7i(i=210 7)

Control input (____.__0@_ P76 (INT5/STOF)

p7 7 6 5 4 3 2 1 0
(0007w) | P77 i P76 i P75 i P74 | P73 | P72 |
STOP/: : H H - .
INT5 § H : i (Initial value 0000 00wsx)
P7CR1 7 [ 5 4 3 2 1 0
(000D) | I (initial value 0000 00x*)
PICRI 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,) { TN (Initial value 1111 11+%)
1/ contro! for P7 0 : Open draininput/output
P7CR2 (specified in one-bit unit) 1 : Tri-state input/output Rw

Note: The P7CR is a write-only register and cannot be used by any read-modify instructions.

Figure 2-5. PortP7 and P7CR

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
output latch.

Note 2: In case of using P62 to P65 as key wake-up inputs, use P76 (including INT5/STOP) only as an
input, do notset it as output.

Note 3: *,;Don‘tcare

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),0FH . P7CR1«-00001111
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2.3 Time Base Timer (TBT)

The Time-base timer is used to generate the fes223

base time for key scan and dynamic display fc/2f:s h

processing. For this purpose, it generatesa ;ﬁfiw v Rising INTTET
time-base timer interrupt (INTTBT) at for213 o edge |- interrupt
predetermined intervals. :g:f F detector]  request

This interrupt is generated beginning with
the first rising edge of the source clock (the
timing generator‘s divider output selected
by TBTCK) after the time-base timeris
enabled. Note thatsince the divider cannot
be cleared by a program, the first interrupt
only may occur earlier than the set
interrupt period. (See Figure 2-6, (b).) Sourceclock ] | | | [~
When selecting the interrupt frequency, : :
make sure the time-hase timer is disabled. —t ; i
(Do not change the selected interrupt F ;
frequency when disabling the active timer INTTET H n n [L
either.) However, you can select the
interrupt frequency simultaneously when
enabling the timer.

fes29

3
TBTCK TBTEN
TBTCR
Time Base Timer Control Register
(a) Configuration

TBTEN

[} h v
1 I 1
Enable TBT nterrupt period

(b) Time base timer interrupt

Figure 2-6. Time base timer

6 5 4 3 2 1 0

TBTCR o .
{00364 [ovon| v | o jreren]  TBTCK | (Initial value: Owx0 Oxxw)
Time Base Timer 0 : Disable
TBTEN enable/disable 1: Enable
000 : fc/2%3 [Hz]
001 : fes2%!
010 : fc/2'6 RAW
Time base timer interrupt 011 : fe/ 2
TBTCK
frequency select 100 : fes2'3
101 : fc/ 22
110 ; fes2"
111 : fc/2°

Note 1: fc; cdock[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
ot1 488.28
100 976.56
101 1953.12
110 3906.25
m ’ 15625
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2.4 Divider Output (DVO)
A 50% duty pulse can be output using the Divider output circuit, which is useful for piezo-electric buzzer

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

7 6 5 ) 3 2 1 0
TBTCR iti
(0036, IDVOEN[ DVOCK | 0 Irrarsu)l [TBTCK), | (Initial value :  O*#0 Owww)
DVOEN | Divider output enable/disable | © * Disable
1 : Enable
00 : /2" [Hz] R
Divider output (BVO pin) 01 : fcs2"?
pvOcK frequency selection 10 : fe/2"
11 ¢ fes210
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 outputfatch &1
LD (P1CR), 000010008 ; Configures P13 as an output mode
LD (TBTCR), 100000008 ; DVOENe-1, DVOCKe00
Table 2-2. Frequency of divider output [kHz]
DVOCK Atfc=4 MHz Atfc=8MHZz
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)
Outputdata - » [ r13(5V0)

fcs213
fc/212
fer211
fc/210

P13 output latch__] L__I
DVOEN DVOEN .___.J |__
[ TBTCR | e -
BVO pin —l ” LI LI LI |_.|’ : L.I

Divider output control register

(a) Configuration (b) Timing Chart

Figure 2-9. Divider output
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TOSHIBA

16-bit Timer/Counter 1 (TC1)
2.5.1 Configuration

2.5
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2.5.2 Control
The Timer/Counter 1 is controlled by a Timer/Counter 1 control register (TC1CR) and two 16-bit timer
registers (TREG1A and TREG1B).

Timer register 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TREG1A
0100, 0011H)| , _ TREG1A{(0011y) . [ ) . TREG1IA (00104) | . |
TREG1E Write only
oramoonzg L, . TREGiBy@o13) [ 0, TREGIB (00124 o
Timer/Counter Read / Write (Write available in only PPG output mode)
7 3 5 4 3 2 1 0
SCAPY
TCICR TRFE MEAR! Tais TC1CK TCIM (initial value : 0000 0000)
(00144) MPPG1 L ! .

00 : Timer/ External trigger timer / Event counter mode

Tcm < 01 : Window mode
mode select 10 : Pulse width measurement mode
11 : PPG (Programmable pulse generate) output mode
00 : Internal clock fc/2" [Hz]
TCiCK TC1 01 : Internal clock fc/27
source clock select 10 : Internal clock fcr2?
11 : External clock (TC1 pin input)
write
) 00 : Stop & counter clear only
TC1S TCH 01 : Command start
start control 10 : reserved

11 : External trigger start

0 : Double edge capture 1:

MPPG1 | PPG output control 0 : Continuous pulse 1 : Single puise

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) is ignored. .

Note 3: Set the mode, source clack, 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>TREG1B>0 (PPG output mode) ; TREG1A >0 (except for PPG output mode)

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

Note 7: 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.

Note 9: When fc/23 is selected as a source clock in the pulse width measurement mode, the lowest bit (bitd)
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) Timermode

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)

TCI1CK Resolution [us] Maximum time setting [s]
00 256 16.8
01 16 1.0
10 1 655 m

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

LDW (TREG1A), 1000H ; Setsthe timer register (1s + 211/ fc = 1000,)
SET (EIRL). EF4 ; Enables INTTCY 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 ; SCAPle1
LD WA, (TREG1B) ; Reads captured value
Command start

Nliisigtgiaiyiigigiptigigininigigit
7X n o

Match
detect \

Source clock H
i
1

Counter n=1XNROA 1 A 2

Timer register 1A

Counter
clear

INTTC1 interrupt

(a) Timermode

O I P I I I Oy

{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
Timer register 18 ? X m n

Source clock

Counter

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 inputis ignored. The edge of TC1
pin input before match detection is also ignored.

The TC1 pin input has the same noise rejectian 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)
LDW (TREG1A), 0064H ; 100 5+23/fc=64y
SET (EIRL).EF4 ; Enables INTTC? interrupt
El
LD {TC1CR), 00111000B ; Starts TC1 external trigger, METT =0

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

LD (EINTCR), 000001008 ; INT2ES¢1 (falling edge)
LDW (TREG 1A}, 00FAH ; dms=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
in i Trigger * Trigger select
TC1 pininput a9 ¢ 99 (INT2ES = 0)

H
Internal clock
Counter BRI €D € €5 S0 O I € &Y &)

Timerregister 1A ? X n )

L
2.
I
!

Match ll—r Clear

INTTC1 interrupt
(a) TriggerStart (METT1=0)
Count Count Count
start clear start

. X Rising edge select
TC1 pininput 5 Trigger * Trigger ; Trigger (INT2gES =g°)

Internal clock

Counter D € 6 6 4 0 D € §) =) = 0 CR e

Timer register 1A :X n £

Match Clear
INTTC1 interrupt

{b) TriggerStart & 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).

TREG1A

Up-counter 0

INTTC! interrupt

Command start

Y

: : g select
2 X X n-1 nX 0 1 X 2 (INT2ES=1)

H 13

? X n b
Match Counter
detect \n’dear

TC1 pininput HE l | | I I—l « [—L_l L_l I_l I falling edge

Figure 2-14. Event counter mode timing chart

(4) Window mode

Counting up is performed on the rising edge of the pulse that is the logical AND-ed product of the
TC1 pin input (Window pulse) and an internal dock. 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

o X XXX X s XXX X X3

Counter
TREG1A X7 o
INTTC1 interrupt Match \nJ Clear
(a) Positive Logic (INT2ES = 0)
Command start :
TC1 pininput

Internal clock

Counter

TREGIA

Match\l—t{ilear
INTTCY interrupt ;

(b) Negative Logic (INT2ES=1)

Figure 2-15. Window mode timing chart
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(5) Pulse width measurement mode

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

double edge is selected with MCAP1 (bit 6 in TC1CR).

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

CLR (INTTC1SW). 0 ; INTTCH1 service switch initial setting
Lb {EINTCRY), 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 MCAPT1=0
PINTTC1 : CPL (INTTC1SW). 0 ; Complements INTTC1 service switch
JRS F, SINTTC1
LD (HPULSE), (TREG1BL) ;  ReadsTREGIB
LD (HPULSE + 1), (TREG1BH)
RETI
SINTTC1 : LD (WIDTH), (TREG 1BL) ;  Reads TREG1B (Period)
LD (WIDTH + 1), (TREG1BH)
: ;  Dutycalculation
RETI
VINTTC1 @ Dw PINTTC1
: WIDTH

TC1 pin _I

INTTCISW .————-——-—I

L

Note: When fci23 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 [ rrigger o Y « (INT2ES =0)

H : i

Internal clock

—

Counter

TREG1B

INTTCH1 interrupt

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

Count start Count start

(4

TC1 pininput l n Y « ‘ (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 falling edge can be selected)
or by a command. Edge selectis 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 outputistoggled. 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 TREG1B is not possible unless
the Timer/Counter 1 is set to the PPG output mode.

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

SET (P1).4 s Plaoutputlatche1

LD (P1CR), 000100008 ;  SetsP14toanoutput mode

LD (TCI1CR), 100010118 . Sets PPG output mode

LDW (TREG1A), 03E8H s Setsaperiod (1 mss 1 us=03E8y)

LDW  (TREG1B), 00C8H ; Sets“L" level pulse width (200 z5 = 1 25 = 00C8y)
LD (TC1CR), 100100118 s Start
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TC1CRwrite strobe >

Internal reset
Match with TREG1B
Match with TREG1A

Data output

P14 outputiatch

TFF1 >

>4
B

INTTC1 interrupt =Y

A

bset

bclear q

toggle

Timer F/F1

_;_J__::D->Tc1s clear signal

MPPG1

Output enable

- O >—{] P14 rE) pin

Figure 2-17. PPGoutput

Internal clock

Counter

TREG18B
TREG1A
PPG pin output

INTTC1 interrupt

TC1 pininput
Internal ciock
Counter
TREG1B

TREG1A

PPG pin output

INTTC1 interrupt

||||||“||||||”||I|I|II||Il|||||ll|Commandstart

0 ] 2 n+1 ox 1 2 n ‘n+1 oX 1 { 2
)
)\

Xz § ] ¥

Count start

(a) Pulse

_JTrigger

| External trigger start

(b) Single

{Application] One shot pulse output

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

clock

Source

TC25

Clear

16-bit up-counter I

TC2 pin D—E:H——v
Window
f/223 ! A
f/213>—a18 Timer/
f/28 sl € Event counter
fo23—>{p Y
E
s |
3 2
TC2CK Tezs
TC2CR
Timer/Counter 2 control register

Comparator

} 5 INTTC2
interrupt

Enable

TREG2

| Match detect control |

16-bit timer register 2

TREG2H

TREG2L write strobe

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

2.6.2 Control

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

register 2 (TREG2).

TREG2 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(001645, 0017, | . TREG2y {0017y) , \ . TREG2, {0016) .
Write only
TC2GR 5 4 3 2 0
(0015,) [tes|  teaek | | [ream]  (itialvalue: #+0000+0)
Timer/Counter 2 operating 0 : Timer/Event counter mode
TC2ZM .
mode select 1 : Window mode
000 : internal clock fc/2® [Hz}
001 : Internal clock fes2%
. 8
Timer/Counter 2 010 ‘ Internal clock fc/23 wiite
TC2CK | nurce clock select 011 : Internal clock fer2
100 : reserved only
101 : reserved
110 : reserved
111 : External clock (TC2 pininput)
TC2s Timer/Counter 2 0 : Stop and counter clear
start control 1: Start
Note 1: fc; High-frequency clock [Hz], *; 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)
is ignored.
Note 3: Set the mode and source clock when Timer/Counter stops (TC25 =0).
Noted4: Values to be loaded to the timer register must satisfy the following condition.
TREG2> 0
Note5: TC2CR is a write-only register and cannot be used with any of the read-modify-write
instructions.

Figure 2-20. Timer register 2 and TC2 control register

87C405A-53




TOSHIBA TMPB7C405A

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 counteris cleared.

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

TC2CK Resolution Maximum time setting
000 1.05s 19.1 h
R 001 1.02 ms ) 1.1 min
010 32 s 2.1
011 1 s 65.5 ms

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

LDW {TREG2), 61A8H ; Setsthe TREG2 (25 ms + 23/ fc = 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
LY level.

Example : Sets the Event counter mode and generates an INTTC2 interrupt 640 counts later
LOW (TREG2), 640 ; Setsthe TREG2
SET (EIRH).EF14 ; Enables INTTC2 interrupt
El
LD {TC2CR), 001111008 ; StartsTC2

(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-counteris cleared to "0".
It is necessary that the maximum applied frequency must be considerably slower than the selected
internal clock. '

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

LDW (TREG2), 6078H ; SetsTREG2 (120 ms < 213/fc= 0978;4)
SET (EIRH).EF14 ; Enables INTTC2 interrupt

El

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

1
1 S S
Internal clock i
Counter o X1 X2X  XooX __n=2 X XXX 1 X2 X3)

TREG2 X n I
Match \n; Counter clear

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
(INTS/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

STOPCR 7 6 5 4 3 2 1 0

(002Fy) [ = | — [svors[storastora[storz] — | — |  (initialvalue =40000%)

0 : Di
STOP2 P62 port releases from STOP mode Disable

1: Enable
STOP3 P63 port releases from STOP mode ? ' l:lsa;Ie

: Enable

0 - Disable Read / Write
STOP4 P64 port releases from STOP mode )

1: Enable

0 : Disabi
STOPS P65 port releases from STOP mode isable

1 : Enable

Figure 2-22. Stop mode control register

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

control signal

o] Pe2(s1oP2)
o@]———-{ [ P63 (STOP3)
<] restsora)
___.C <SH{] resstoes)

STOPCR

(002FH) |~ |™

[ Ta 20TV
»OOHN
[PR-Te o173
NTO—HW
|
|

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 (STOPCR).

GO -
I

) (

i 1

1 ]

Data input =g |»———-—-—- ,‘EN\ H
1

t
O ) '
Data output > E] P6i(i=2to5)
Control input H@——
STOPi

Figure 2-24. PortP6i(i=2to 5)

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/Qutput Circuitry and Code Remarks
Osc. enable +:-D>—— e
o High-frequency resonator
XIN Input VDD A L. gveP -
XOUT Output = Ro connecting pin
E':I D R¢ =1.2MQ  (typ.)
Ro =15k typ.
XIN XGUT ° (oyp)
VDD
Sink open drain output
Rin
R ! Hysteresis input
RESET o Address-trap-reset Pull-up resistor
Watchdog-timer-rese
System-clock-reset i'_’f T i;o kgyp ()typ.)
Initial *Hi-Z* VDD
STOP/INTS Input Disable ] Hysteresis input
(P76) 3 R=1kQ (typ.)
P76 <]
STOR/NTS @,
Initial “Hi-Z"
Rin
vDD
\" Hysteresis input
i=2~5
STOPi Input —L ]
(Péi) Disable § R Pull-up resistor
P6i -1 Rn=70k  (typ.)
~ R=1ka (typ.)
STOPi :@
%VDD
R Pull-down resister
TEST Input <HWr- (1 Rin=70kG  (typ.)
Rin R=1kO (typ.)
Note: The 87P808 does not have a pull-down resistor for TEST pin. Always fix to low level.
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(2) Input/output ports
The input/output circuits of the 87C405A input/ output ports are shown below.
Port 110 Input/ Output Circuitry and Code Remarks
Initial "Hi-Z" VDD Tri-state /O
Hysteresis input
1 R=1kQ {typ.
P ° Disable (typ)
Initial "Hi-Z* VDD Tri-state /O
R= 1k (typ.)
P& 7o
Disable
1
~J
Initial “Hi-2" VDO Tri-state /O
P-ch Control
R= 1k (typ.)
P7 1o .
Disable
1
~d
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Electrical Characteristics

87C405A
Absolute maximum ratings (Vss=0V)
PARAMETER SYMBOL CONDITIONS RATINGS UNIT
Supply Voltage Voo -0.3106.5 v
Input Voltage Vin ~-0.3toVpp+0.3 v
Output Voltage : Vour -03toVpp+0.3 Vv
lour1 | P1,P6 3.2 mA
1oL
Output Current (Per 1 pin) loutz | P7 (Middle current port) 15 mA
{OH louTs P1,P6, P7 -1.8 mA
3 louti |P1.P6 50 mA
1oL
Qutput Current (Total) 2 lourz |P7 (Middle current port) 60 mA
1OH 2 lours |P1,P6,P7 30 mA
Power Dissipation [Topr=70°C] PD 180 mwW
Soldering Temperature (time) Tsid 260(105) °C
Storage Temperature Tstg -551t0125 °C
Operating Temperature Topr -30to 70 °C
Note:  The absolute maximum ratings are rated values which must not be exceeded during operation, even for an instant.
Any 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 maximurm rating value will ever be exceeded.

Recommended operating conditions (Vss=0V, Topr= ~30t070°C)
PARAMETER SYMBOL PINS CONDITIONS Min. Max. UNIT
fcx | NORMAL mode
8mHz [TDLE mode 4.5
fca | NORMAL mode
Supply Voltage Vbp 42 Mz [TDLE mode 2.7 5.5 v
STOP mode 2.0
Vi Except hysteresis input Vpp x0.70
V)2 | Hysteresis input Vpp=435V Vpp %0.75
Input High Voltage Voo v
Vs 2.7VSVp<a sV Vpp x0.90
Vi1 Except hysteresis input Vpp %X 0.30
Viz [ Hysteresisinput Vpp24.5V Vpp X 0.25
Input Low Voltage 0 v
Vi 2.7VSVpp<4.5V Vpp X 0.10
Vpp=4.5105.5V 8.0
Clock Frequency fc XIN, XOUT Vno=2.7t05.5V 1.0 a3 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°0)
PARAMETER SYMBOL PINS CONDITIONS Min. | Typ. | Max. | UNIT
Hysteresis Voltage Vs | Hysteresisinputs - 0.9 - 1
Iny | TEST
" Vpp=5.5V
Input Current Iin2 | Tri-state ports -2 - 2 wA
[a—— N V|N =55 V/O v
‘INZ RESET, STOPi
Rivi | TEST 30 70 150
Input Resistance Ri2 | RESET 100 | 220 | 450 | kO
Ring | STOPI i=2to5 30 70 150
Output Leak! Current Ito | Tri-state ports Vpp =55V, Vour=55Vv/0V -2 - 2 A
Output High Voltage | Vouz | Tri-state ports Vpp=4.5V, loy= -0.7mA 4.1 - - \'
Qutput Low Voltage Vor | Except XOUT and P7 Vpp=4.5V, lgL= 1.6 mA - - 0.4 \
Output Low Current lots |P7 Vpp=4.5V, Vo =10V - 7 - mA
. fc - 6.5 10
Supply Currentin feack {2 - 4.0 6.4
gl
NORMAL mode 9 Faa | - | 26 | a7
Vpp=5.5V
fu/8 - 1.9 3.9
fc=8MHz fc i3 50
, Vin=5.3V/0.2v - -
Supply Current in IDLE feack fe/2 - 2.4 3.9
mode It | - [ 19 | 35
fc/8 - 1.6 3.3
mA
fc - 1.5 25
Supply Current in oo feack fer2 - 0.85 1.6
s
NORMAL mode I haa | - [ 06 | 12
Vpp=3.0V
fo/8 - 0.4 1.0
fc=4.19 MHz
fe - 0.8 1.4
. Vin=2.8V/0.2v
Supply Current in IDLE fu2 - 0.55 1.1
fegck
mode fd4 - 045 | 0.9
f¢/8 - 0.35 | 0.85
Supply Currentin Vpp=5.5V _ 05 10 A
STOP mode Viy=5.3v/0.2V
Note 1: Typical values show those at Topr =25 °C, VDD =5 V.

Note 2:

Input Current lIN1, IIN3 ; The current through resistar is not included, when the input resistor (pull-up or pull-
down) is contained.
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A.C. characteristics (I ) (Vss=0V, Vpp=4.5t05.5V, Topr= -301070°C)
PARAMETER SYMBOL CONDITIONS Min. Typ. | Max. | UNIT
tn NORMAL mode
Machine Cycle Time tey 0.5 - 4 2]
In IDLE mode
High Level Clock Pulse Width twen | Forexternal clock operation .
50 - - ns
Low Level Clock Pulse Width twer | fe=8 MHz
| AC.characteristics (11) (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 “
In IDLE mode
High Level Clock Pulse Width tweh For external 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=4.5t05.5V, Topr= -30t070°C)
i Oscillation . Recommended Conditions
PARAMETER Oscillator Frequency Recommended Oscillator [ [
KYOCERA KBR8.OM 30 pF 30pF
. BA'V;HZ s MURATA CSACS.00MT 30 pF 30 pf
(VDD =4.5t05.5V) FgjRATA CSAB.00MTZ
CST8.00MTW - -
Ceramic Resonator C5TS8.00MT
High-frequency 419MHz | MURATA CSAS.19MG |  30pF 30pF
illati (VDD=2.7105.5V)
Oscillation MURATA CST4.19MGW - -
4 MHz
(VDD =2.7105.5V) KYOCERA KBRA4.0MS 30pF 30 pF
8 MHz
(VDD=4.51t05.5V) TOYOCOM 210B 8.0000
Crystal Oscillator A MHz 20 pF 20 pF
(VDD =2.7 10 5.5 V) | TOYOCOM 2048 4.000
Recommended oscillating conditions (1) (Vss=0V, Vpp=27165.5V, Topr= ~30t070°C)
] Oscillation . Recornmended Conditions
scillator ecommended Oscillator ] -
PARAMETER Oscillat Frequency R ded Oscillat ) &
4.19 MHz MURATA CSA4.19MG | 30pF 30pF
(VDD =2.7105.5V)
MURATA CST4.19MGW - -
High-frequency . MURATA CSA4.00MG 30 pF 30 pF
o Ceramic Resonator CSAL.00MGC = e
Oscillation 4MHz MURATA CST4.00MGW
(VOD=2.7t05.5V) CSTCA.00MG - -
MURATA C57C54.00MG - -
XIN XOUT

C D -G
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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TOSHIBA
SOP28-P-450-1.27 Unit: mm
28 15 _
HAO00AaC0AQNQ00NARE
ol o =
) 3 3 g
ikl HE |
0.995TYP | 1,0.43:0.1 :
19.0MAX
. 185402
WW N EI %?
= ‘:'g[ ) 1.010.2
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SDIP28-P-400-1.78 Unit: mm
rz_alr‘lr’ll"lr"lf"ll"ll-lr"!l—lr"lﬁr‘lll's"l (é

)

[0 S O 0 O Y
1 14

8.810.2
10.16
5

26.1MAX

25.610.2

13.810.3

3.0:0.3

0.3MIN |} 3.310.2

1.243TYP

Il 1.010.1 || 0.4640.1
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