TOSHIBA TMP87C807

CMOS 8-Bit Microcontroller
TMP87C807U

87C807 is high speed and high performance 8-bit single chip microcomputers with small package. The MCU
contain CPU core, ROM, RAM, input/output ports, six multi-function timer/counters, a serial interface, a high
speed serial output, and two clock generators on a chip.

87C807 is compatibled with 87PH47 except for ROM size, RAM size and A/D converter.

Part No. ROM RAM Package OTP MCU
TMP87C807U 8 K x 8-bit 256 x8-bit | P-QFP44-1010-0.80 | TMP87PH47U
Features
@ 38-bit single chip microcomputer TLCS-870 Series P-QFP44-1010-0.80

@ Instruction execution time: 0.5 us (at 8 MHz), 122 us (at 32.768 kHz)
@412 basic instructions
® Multiplication and Division (8 bits x 8 bits, 16 bits + 8 bits)
® Bit manipulations (Set/Clear/Complement/Move/Test/Exclusive or)
® 16-bit data operations
® 1-byte jump/subroutine-call (Short relative jump / Vector call)
@ 14 interrupt sources (External: 6, Internal: 8)
® All sources have independent latches each,
and nested interrupt control is available.
® 4 edge-selectable externalinterruptswith noisereject
. ® High-speed task switching by register bank changeover
Input/Output ports (37 pins)
® High current output: 8 pins (typ. 20 mA) $mgg;§g%ﬂ
® Output: 2 pins
@ Two 16-bit Timer/Counters
® Timer, Event counter, Programmable pulse generator output,
Pulse width measurement, External trigger timer, Window modes
@ Two 8-bit Timer/Counters
® Timer, Event counter, Capture (Pulse width/duty measurement),
PWM output, Programmable divider output modes
@ Time Base Timer (Interrupt frequency: 1 Hzto 16 kHz)
@ Divider output function (frequency: 1kHzto 8 kHz)
@ Watchdog Timer
@ 8-bit Serial Interface
® With 8 bytes transmit/receive data buffer
® Internal/external serial clock, and 4/8-bit mode
@ 38-bit High Speed Serial Output (rate: max. 1 bit/us)
@ Dual clock operation
@ Five Power saving operating modes
® STOP mode: Oscillation stops. Battery/Capacitor back-up. Port output hold/high-impedance.
® SLOW mode: Low power consumption operation using low-frequency clock (32.768 kHz).
® |IDLE1 mode: CPU stops, and Peripherals operate using high-frequency clock. Release by interrupts.
® |IDLE2 mode: CPU stops, and Peripherals operate using high and low frequency clock. Release by
interrupts.
® SLEEP mode: CPU stops, and Peripherals operate using low-frequency clock. Release by interrupts.
@ Wide operating voltage: 2.7t0 5.5V at4.2 MHz/32.768 kHz, 4.5 t0 5.5V at 8 MHz/32.768 kHz
@ Emulation Pod: BM87CH47U0A

980910EBP2

@ 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 presented only as a guide for the applications of our products. No responsibility is assumed by TOSHIBA
CORPORATION for any infringements of intellectual property or other rights of the third parties which may result from its use. No license’is granted
by implication or otherwise under any intellectual property or other rights of TOSHIBA CORPORATION or others.

o TKe information contained herein is subject to change without notice.
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Pin Assignments (Top View)
P-QFP44-1010-0.80

Block Diagram
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Pin Function

Pin Name Input/Output Function

P07 to POO 110

Two 8-bit programmable input/output
P17, P16 70 ports (tri-state).
PRI i VOUPUY L Each bit of these ports can be |[MSTCOUMSTZINRUL
P14 (PPG) individually configured as an input or an | programmable pulse generator output
............................... I/O(Output) outputunder SOftwarecontrO|
P13 (DVO) During reset, all bits are configured as |Divider output
P12 (INT2/TC1) inputs. N E?(ternal mterrup.t input 2 or
............................... When used as a divider output or a PPG | Timer/Counter 1input . .. ...
P11 (INT1) I/0 (Input) output, the latch must be set to "1”. External interrupt input 1
P10 (INTO) External interruptinput 0
P22 (XTOUT) I/0 (Output) o ) Resonator connecting pins (32.768 kHz).
.......................................................... 3-bit input/output port with latch. For inputting external clock, XTIN is used
P21 O When used as an input port, the latch [2M9XTOUTIsopened .
""""" — VO (input) uqn External interrupt input 5 or STOP mode
P20 (INT5/STOP) must be set to “1". [T

release signal input

P51, P50 Output 2-bit output port with latch

8-bit programmable input/output port

(tri-state). Each bit of the port can be
P67 to P60 /O (Output) individually configured as an input or an

output under software control.
P77 (HSO) . . HSO serial data output
............................... 8-bit programable input/output port
P76 (HSCK) (tri-state). HSO serial clock output
............................... I/O (Output)
P75 (SO) SIO serial data output
P74 (SI) SIO serial data input
........ 7 When used as an |nput pOf‘t, a SIO
P73 (SCK) 110 (1/0) input/output, an external interrupt input | SIO serial clock input/output
.......................................................... or a PWI/PDO output, the latch must be 8b|tPWMoutputor
Pr2{pPwmrepo) L. VO OutpuY | setto 1", 8bit programmable divider.output.........
P71 (INT4) External interrupt input 4
............................... I/O (Input) EXternaIInterruptlnPUtaor
P70(INT3/7C3) Timer/Counter 3 input

Resonator connecting pins for high-frequency clock.
XIN, XouT Input, Output For inputting external clock, XIN is used and XOUT is opened.
RESET e Reset signal input or watchdog timer output/address-trap-reset output/system-clock-

reset output.
TEST Input Test pin for out-going test. Be fixed at low level.
VDD, VSS Power Supply | 2.7to 5.5V, 0V (GND)
N.C Be fixed at low level.
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Difference Point Between 87C807U and 87PH47U

ITEM 87C807U 87PH47U
ROM 8 K x 8-bit (E000 to FFFFy) 16 K x 8-bit (CO00y to FFFFy)
RAM 256 x 8-bit (0040 to 013Fy) 512 x 8-bit (00404 to 023F,)
Address Trap 0 = Address of PC = 013Fy 0 = Address of PC = 023Fy
SFR 000Ey ; Reserved 000E, (ADCCR) ; Read/write

000Fy ; Reserved 000Fy (ADCDR) ; Read only

Pin Function N.C (Non Connection) VAREF
(Pin No.18)

INPUT CIRCUITRY

VDD

< ]

< O
(Pin No.13)
TEST Rin
R=1kQ (typ.), Rin=70kQ (typ.) R=1kQ (typ.)
vDD
D1
P20 [>o—] L P20 —>o—]

INPUT/OUTPUT output output R
CIRCUITRY =R z
(Pin No. 37) P20 P20
P20 (INT5/STOP) input 0 input [

STOP/INTS —@7

R=1kQ (typ.)

STOP/INTS —@7

R=1kQ (typ.)

OUTPUT
CIRCUITRY
(Pin No. 27, 28)
P50, P51

D1
output —[>0—|

output —Do—li i

Port P6 function

During reset, port P6 can be configured as
an input port

During reset, port P6 can be configured as
an analog input

Note 1: When using 87PH47U as the OTP of 87C807U, connect Pin No. 18 (VAREF) of 87PH47U to GND, in
order to keep the pin compatibility with 87C807U.

Note 2: When using 87PH47U as the OTP of 87C807U, connect Pin No. 13 (TEST) of 87PH47U to GND, in order
to keep the pin compatibility with 87C807U.

Note 3: For input/output circuitry of Pin No. (37, 27, 28) , 87PH47U dose not have diode (D1).

Note 4: During reset, port P6 can be configured as an analog input on the emulation pod (BM87CH47U0A)
and OTP (TMP87PH47U). Therefore the AINDS (bit 4 in ADCCR) should be set to "1’ by the instruction
as below due to keep the compatibility between 87C807 and BM87CH47U0A and TMP87PHA47U.

Example: Initialization

LD (ADCCR), 0001 0000B ;

Disable as analog input for port P6

The above instruction is ignored on TMP87C807, because TMP87C807 doesn’t have ADCCR

registor.
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Difference Point Between 87C807U and 87C847U

ITEM 87C807U 87C847U
ROM 8 K x 8-bit (E0004 to FFFFL) « same as 87C807U
RAM 256 x 8-bit (0040, to 013F) 512 x 8-bit (0040 to 023Fy)
Address Trap 0 = Address of PC = 013Fy 0 = Address of PC = 023Fy
SFR 000Ey ; Reserved 000E, (ADCCR) ; Read/write

000Fy ; Reserved 000Fy (ADCDR) ; Read only
?;?:;:c:;n N.C (Non Connection) VAREF
vDD

INPUT CIRCUITRY

R
( 3 <'—‘V\/\, D « same as 87C807U
Pin No.1
%Rm i

TEST

R=1kQ (typ.), Rin=70kQ (typ.)

D1
P20 L P20 —>o—]
INPUT/OUTPUT output >o—] output R
CIRCUITRY =R =

(Pin No. 37) P20 P20
P20 (INT5/STOP) input input [
STOP/INT5 —@7 STOP/INTS —Qli

R=1kQ (typ.) R=1kQ (typ.)

OUTPUT D1

CIRCUITRY

(Pin No. 27, 28) output —>o—] output —>0—]|
P50, P51

Port P6 function | During reset, port P6 can be configured as | During reset, port P6 can be configured as an
aninput port analoginput

Note 1: For input/output circuitry of Pin No. (37, 27, 28) , 87C847U dose not have diode (D1).

Note 2: During reset, port P6 can be configured as an analog input on the emulation pod (BM87CH47U0A) and
OTP (TMP87PHA47U). Therefore the AINDS (bit 4 in ADCCR) should be set to ‘1’ by the instruction as
below due to keep the compatibility between 87C807 and BM87CH47UOA and TMP87PH47U.

Example: Initialization

LD (ADCCR), 0001 0000B ;  Disable as analog input for port P6
The above instruction is ignored on TMP87C807, because TMP87C807 doesn’t have ADCCR registor.
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Operational Description

1.

1.1

CPU Core FUnctions

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

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 87C807. In the TLCS-870 Series, the memory is organized 4 address spaces (ROM, RAM, SFR,
and DBR). It uses a memory mapped I/O system, and all I/O registers are mapped in the SFR/DBR address
spaces. There are 16 banks of general-purpose registers. The register banks are also assigned to the first
128 bytes of the RAM address space.

SFR [

DBR

ROM

0000,

003F 64 bytes
0040

128 bytes
O0BF |
00C0

: 384 bytes
023F

OF80 |

128 bytes

OFFF

C000]

16128 bytes~
Fl::OO ....................
= 192 bytes ==
FFBF |
FFCO
FEDE | 32 bytes
7 R A
FFFF 32bytes

87PH47U

1

1

000Q0y
: 64 bytes
003F
00;40 ] Register banks
: 128 bytes (8 registers x 16 banks)
00BF |.....ccooooie
00QCo
: 128 bytes
013F | | Note.. . .
: : : ROM; ReadOnly Memory includes:
N Program memory
RAM; Random Access Memory includes:
Data memory
oA - Stack
P i General-purpose register banks
0 '::80 SFR,  Special Function Register includes:
: /O ports
128 bytes Peripheral control registers
Peripheral status registers
OFFF | | System control registers
Fpt = Interrupt control registers
P Program Status Word
! DBR; Data Buffer Register includes:
E()ooﬁ SI0 data buffer
i 227936 bytes =
FFOO |~
: = 192 bytes
EFE(F) .................... e+ |
Vector table for vector ca
FFDF 32 bytes j instructions (16 vectors) Entry area for
FFEO . page call
32 bytes j Vector table for interrupts/ instructions
FFFF reset (16 vectors)
87C807U

Figure 1-1. Memory Address Maps
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1.2 Program Memory (ROM)

The 87C807 has a 8 K x 8-bit (addresses EQ00y to FFFF), of program memory (Mask ROM).
Addresses FFOOy to FFFFy in the program memory can also be used for special purposes.

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

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

(3) Entry area (addresses FFO0H to FFFFL) for page call instructions
This is the subroutine entry address area for the page call instructions [CALLP n]. Addresses FFOOH to
FFBFH are normally used because address FFCOH to FFFF are used for the vector tables.

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

memory concerning any jump instruction.

Example:

The relationship between the
jump instructions and the PC.

@ 5-bit PC-relative jump [JRS cc, $ +2 +d]
E8C4H: JRS T, $+2+08H

When JF = 1, the jump is made to E8CE,
which is 084 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 E8C4H + 2 =E8C6H.)

8-bit PC-relative jump [JR cc, $ +2 +d]
E8C4H: JR Z, $+2 +80H

When ZF = 1, the jump is made to E846y,

which is FF80H (-128) added to the

current contents of the PC.

16-bit absolute jump [JP  a]

E8C4H: JP O0E235H
An unconditional jump is made to
address E235y. The absolute jump
instruction can jump anywhere within
the entire 64 Kbytes space.

Address ROM
EO000 contents
Example: The relationship
: between ROM Contents
FFOO and Call group
: instructions/Interrupt/
Reset

Fr7e |l CAUPTBH L PCeFRTBY
FFBF
FFCO | . callvector(L) 156 CALLV OH ; PCe«E856y
FFC1 call vector (H) E8
FFC2
FFDF
FFEQ |interrupt vector ()| 68 INTS ; PCeE368y
FFE1 |interrupt vector (H)| E3
FFE2
FFFD
FFFE [, resetvector(l) |3E RESET ; PCeE03Ey
FFFF reset vector (H) | EO

Figure 1-2. Program Memory Map

In the TLCS-870 Series, the same instruction used to access the data memory (e.g. [LD A, (HL)]) is also used
to read out fixed data (ROM data) stored in the program memory. The register-offset PC-relative
addressing (PC + A) instructions can also be used, and the code conversion, table look-up and n-way
multiple jump processing can easily be programmed.
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Example 1: Loads the ROM contents at the address specified by the HL register pair contents
into the accumulator (87C807: HL=E000,):
LD A, (HL) ; A<ROM (HL)

Example 2: Converts BCD to 7-segment code (common anode LED). When A = 05, 924 is
output to port P3 after executing the following program:
ADD A, TABLE-$-4 ; P3«<ROM (TABLE + A)
LD (P3), (PC+A)
JRS T, SNEXT d b
TABLE: DB 0COH, OF9H, 0A4H, 0BOH, 99H, 92H, 82H, OD8H, 80H, 98H gm

e

SNEXT: oh
Note: “$”isa headeraddress of ADD instruction. ——
DB is a byte data difinition instruction. SAC A
) S : . - P (PC+A) -
Example 3: N-way multiple jump in accordance with the contents of
accumulator (0=A<3): | 34 _____|]
SHLC A ; if A=00y then PC<E234y 2
P (PC+A) if A=01y then PC—E378y [~~~ 55
if A=02y4 then PC—EA37y [ __ 37
if A=03y then PC<F1BOH EA
DW 0E234H, 0E378H, OEA37H, OFIBOH  f-----2 E ? _______
| Note: DW s a word data definition instruction. _

1.3 Program Counter (PC)

The program counter (PC) is a 16-bit register which indicates the program memory address where the
instruction to be executed next is stored. After reset, the user defined reset vector stored in the vector
table (addresses FFFFy and FFFER) is loaded into the PC ; therefore, program execution is possible from
any desired address. For example, when EOy and 3Ey are stored at addresses FFFFy and FFFEy,
respectively, the execution starts from address EO3ER 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 E123y is being
executed, the PC contains E1254.

MSB LSB
1514131211109 8 7 6 5 4 3 2 1 0 PC Contents :X a X _a+1 X a+2 X a+3 X

Program Counter (PC)
Instruction
PCx PCL Execution A2-2 X et X & X e+l

(b) Timing chart of PC contents and Instruction Execution

(a) Configuration

Figure 1-3. Program Counter
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1.4 Data Memory (RAM)
The 87C807 has a 256 x 8-bit (address 0040y to 013F) of data memory (static RAM). Figure 1-4 shows
the data memory map.
Addresses 00004 to 00FFy are used as a direct addressing area to enhance instructions which utilize this
addressing mode; therefore, addresses 0040y to 00FFy in the data memory can also be used for user flags
or user counters. General-purpose register banks (8 registers x 16 banks) are also assigned to the 128
bytes of addresses 0040y 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. The stack depth is limited only by the free data memory size. For
more details on the stack, see section “1.7 Stack and Stack Pointer”.
With the TLCS-870 series, programs in data memory cannot be executed. If the program counter
indicates a specific data memory address (addresses 00404 to 013Fy), an address - trap - reset is generated
due to bus error. (Output from the RESET pin goes low.)

Example 1: If bit 2 at data memory address 00C0y is “1”, 00y is written to data memory at address
00E3n; otherwise, FFy is written to the data memory at address 00E3n.

TEST (00COH).2 ; if (00COH) 2=0then jump
JRS T,SZERO
CLR (00E3H) ; (00E3H) < 00H
JRS T,SNEXT
SZERO: LD (0OE3H), OFFH ; (00E3H) « FFH

SNEXT:

Example 2: Increments the contents of data memory at address 00F54, and clears to 004 when 10y

is exceeded.
INC (00F5H) ; (OOF5H) « (00F5R) + 1
AND (OOF5H), OFH ; (OOF5H) < (OOF5H)AOFH

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

Note: The general-purpuse registers are mapped in the RAM ; therefore, do not clear RAM at the
current bank addresses.

Example: ClearsRAM to “004" except the bank 0

LD HL, 0048H ; Sets start address to HL register pair

LD A, H ; Setsinitial data (00n) to A register

LD BC, 01F7H ; Sets number of byte to BC register pair
SRAMCLR: LD (HL+), A

DEC BC

JRS F, SRAMCLR
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Address 0 1 2 3 4 5 6 7 8 9 A B C D E F
00404 _Register bank 0 Register bank 1
0050 Register bank 2 Register bank 3
T Reg,sterbank4Reg,sterbank5 ...............
oo | Reg,sterbankeReg,sterbank7 ...............
o | ReglsterbankgReg|5terbank9 ...............
T ReglsterbankmReglsterbank” ............ Direct addressing area
ono | Reg|5terbank‘|2Reg|5terbank‘|3 ............
T Reg.ste,bankmReg,sterbank15 ............
00Co : o : T
0000 S U SO SO SN SRRSO SO NSO ST SO SR SOURT SUS S
00EO
00FO0
0100
0110
0120
0130
Note: The 87C807 does not
01.40 have this area
: (01404 to 023Fy) of
: RAM.
02.30
Figure 1-4. Data Memory Map
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1.5 General-purpose Register Banks
General-purpose registers are mapped into addresses 00404 to 00BFy in the data memory as shown in
Figure 1-4. There are 16 register banks, and each bank contains eight 8-bit registers W, A, B, C, D, E, H,
and L. Figure 1-5 shows the general-purpose register bank configuration.

—

— bank 15 (00B8 to 00BFy)

— bank 14 (00BO to 00B7}) Exa?vp'e!_ Ba"/'; 0
: — bank 13 (00A8 to 00AF}) :
WA bank 12 (00A0 to 00A7}) (0041y) : (0040)
""" B i oc : (0043, : (0042,
............. I bank 4 (0060 to 0067,
D i E - bank 3 (0058 to 005Fy) (0045y) : (0044,)
............. I I = bank 2 (0050 to 0057,) H L
H | L | bank1 (004810 004F,) (0047,) : (0046,,)

bank 0 (0040 to 0047,)

(a) Configuration (b) Address assignments of registers

Figure 1-5. General-purpose Register Banks

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

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

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

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

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

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

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

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

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

The 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.
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Example 2: Block transfer

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

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

Cl.
Example 1: Repeat processing
Lb B, n ; Setsn asthe number of repetitions to B
SREPEAT: ; processing : (n + 1times processing)
DEC B

JRS F, SREPEAT

Example 2: Unsigned integer division (16-bit + 8-bit)
DIV WA, C ; Divides the WA contents by the C contents, places
the quotientin A and the remainderin W.

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

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

Example 1: Incrementing the RBS
INC (003FH) ; RBS<«RBS + 1

Example 2: Reading the RBS
LD A, (003FH) ; A« PSW (A3.9 < RBS, A7.4<Flags)

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

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

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

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

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

1.6.1 Register Bank Selector (RBS)
The register bank selector (RBS) is a 4-bit register used to 7 6 > 4 3 : 2 1 0
select general-purpose register banks. For example, when JF i ZF i CFiHF " RBS
RBS =2, bank 2 is currently selected. During reset, the RBS —— '
is initialized to “0". Figure 1-6. PSW (Flags, RBS) Configuration
1.6.2 Flags

The flags are configured with the upper 4 bits: a zero flag, a carry flag, a half carry flag and a jump status
flag. The flags are set or cleared under conditions specified by the instruction. These flags except the
half carry flag are used as jump condition “cc” for conditional jump instructions [JR cc, $ +2 +d]/[JRS cc,
$ +2 +d]. 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 [SET, CLR, and CPL], the ZF isset to “1” if the contents of the
specified bitis “0”; otherwise the ZF is cleared to “0".
This flag is set to “1” when the upper 8 bits of the product are 004 during the multiplication
instruction [MUL], and when 00y for the remainder during the division instruction [DIV]; otherwise it
is cleared to “0".

(2) Carryflag(CF)
The CFis set to “1” when a carry out of the MSB (most significant bit) of the result occurred during
addition or when a borrow into the MSB of the result occurred during subtraction; otherwise the CF
is cleared to “0". During division, this flag is set to “1" when the divisor is 00y (divided by zero error),
or when the quotient is 1004 or higher (overflow error); otherwise it is cleared. The CF is also
affected during the shift/rotate instructions [SHLC, SHRC, ROLC, and RORC]. The data shifted out
from a register is set to the CF.
This flag is also a 1-bit register (a boolean accumulator) for the bit manipulation instructions.
Set/clear/complement are possible with the CF manipulation instructions.

Example1: Bit manipulation

LD CF, (0007H) .5 ; (00014)2 < (0007H)s5 (009AR)0
XOR CF, (009AH) .0
LD (0001H) . 2, CF
Example2: Arithmeticrightshift
LD CF, A.7 ; Ae<A/2
RORC A

(3) Half carry flag (HF)
The HF is set to “1” when a carry occurred between bits 3 and 4 of the operation result during an 8-
bit addition, or when a borrow occurred from bit 4 into bit 3 of the result during an 8-bit
subtraction; otherwise the HF is cleared to “0”. This flag is useful in the decimal adjustment for BCD
operations (adjustments using the [DAA r], or [DAS r] instructions).
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Example: BCD operation
(The A becomes 47 after executing the following program when A =19, B=28})
ADD A, B ;Ae—41y, HF <1, CF=0
DAA A ;A< 41y + 064 = 474 (decimal-adjust)

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

Example: Jump status flag and conditional jump instruction

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

Example: The accumulator and flags become as shown below after executing the following instructions
when the WA register pair, the HL register pair, the data memory at address 00C5y, the carry flag
and the half carry flag contents being “219A1", “00C54", “D7K", “1" and “0”, respectively.

Instruction Acc. after Flag.after _execu.tion Instruction Acc. after Flag.after .execu_tion
execution | JF : ZF ! CF | HF execution | JF i ZF i CF : HF

ADDC A, (HL) 72 1501 i INC A 98 0i0i1io
SUBB A, (HL) (o7} 1010 ROLC A 35 1010
CcMmP A, (HL) 9A 0 0 1 0 RORC A CcD 0 0 0 0
AND A, (HL) 92 0 0 1 0 ADD WA, OF508H 16A2 1 0 1 0
LD A, (HL) D7 1 0 1 0 MUL W, A 13DA 0 0 1 0
ADD A, 66H 00 1 1 1 1 SET A5 BA 1 1 1 0

1.7 Stack and Stack Pointer

1.7.1 Stack
The stack provides the area in which the return address or status, etc. are saved before a jump is
performed to the processing routine during the execution of a subroutine call instruction or the
acceptance of an interrupt. On asubroutine call instruction [CALL a] / [CALLP n]/[CALLV n], the contents
of the PC (the return address) is saved; on an interrupt acceptance, the contents of the PC and the PSW
are saved (the PSW is pushed first, followed by PCH and PC|). Therefore, a subroutine call occupies two
bytes on the stack; an interrupt occupies three bytes.
When returning from the processing routine, executing a subroutine return instruction [RET] restores the
contents to the PC from the stack; executing an interrupt return instruction [RETI] / [RETN] restores the
contents to the PC and the PSW (the PC| is popped first, followed by PCH and PSW).
The stack can be located anywhere within the data memory space except the register bank area,
therefore the stack depth is limited only by the free data memory size.
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1.7.2 Stack Pointer (SP)
The stack pointer (SP) is a 16-bit register containing the address -~ -

of the next free locations on the stack.

The SP is post-decremented when a subroutine call or a push
instruction is executed, or when an interrupt is accepted; and
the SP is pre-incremented when a return or a pop instruction is
executed. Figure 1-8 shows the stacking order.

151413121110 9 8 7 6 5 4 3 2 1 0
Stack Pointer (SP)

Figure 1-7. Stack Pointer

The SP is not initialized hardware-wise but requires initialization by an initialize routine (sets the highest
stack address). [LD SP, mn], [LD SP, gg] and [LD gg, SP] are the SP access instructions (mn ; 16-bit

immediate data, gg ; register pair).

Example 1: To initialize the SP

LD SP, 013FH ; SP<013Fy
Example 2: To read the SP
LD HL, SP ; HL&SP
At acceptance
of interrupt
At execution of or At execution of
a CALL/CALLV/CALLP at execution of At execution of a RETI/RETN
instruction aSWIlinstruction a RET instruction instruction
013Cy 013Cy
013D 013D
013E PC_ 013E
O13F | .PCn = 013F | PG T 0040y,
: stack
depth
SP before [ 013 013Dy 013Cy :
execution + + (013F) ﬁ
SP after 01 013F, 013Fy :

execution

(a) Stacking order

(b) Stack depth

Figure 1-8. Stack

1.8 System Clock Controller

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

Timing generator control register

Clock generator control

L e Clock ...
: generator 0036y
XIN fe {::E
_| | T D, : High-frequency Timing
O [ . Stand-by controller
_| : clock oscillator generator —
XOUT i
| Di | RER
: %/—J
’_| XTIN =i System clocks
| |:|I I:jI Low-frequency 0038, 0039,
_' | | | I I clock oscillator | SYSCR1 | | SYSCR2
XTOUT =~
.

System control registers

Figure 1-9. System Clock Controller
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1.8.

1 Clock Generator

The clock generator generates the basic clock which provides the system clocks supplied to the CPU core
and peripheral hardware. It contains two oscillation circuits: one for the high-frequency clock and one
for the low-frequency clock. Power consumption can be reduced by switching of the system clock
controller to low-power operation based on the low-frequency clock.

The high-frequency (fc) and low-frequency (fs) clocks can be easily obtained by connecting a resonator
between the XIN/XOUT and XTIN/XTOUT pins, respectively. Clock input from an external oscillator is also
possible. In this case, external clock is applied to the XIN/XTIN pin with the XOUT/XTOUT pin not
connected. The 87C807 is not provided an RC oscillation.

P e N

""""""" High-frequency clock ~==~=~7===="=71 FTTTTTTTTTTTTTT Low-frequency clock TTTTTTTTTTTTIT
1 [} [}

1 1 1

XIN XOUT XIN Xout | I XTIN XTOUT XTIN XTOUT i
I 1 1

I O

(open) | i (open) !

1 1 1

L] L L] !

i i i

i i i

1 1 1

& I a
1 1 1

(a) Crystal/Ceramic (b) External oscillator | ' (c) Crystal (d) External oscillator i
resonator J: :L J:

1.8.

Figure 1-10. Examples of Resonator Connection

Note: Accurate Adjustment of the Oscillation Frequency:
Although no hardware to externally and directly monitor the basic clock pulse is not provided,
the oscillation frequency can be adjusted by making the program to output fixed frequency
pulses to the port while disabling all interrupts and monitoring this pulse. With a system
requiring adjustment of the oscillation frequency, the adjusting program must be created
beforehand.

Example: To output the high-frequency oscillation frequency adjusting monitor pulse to P13
(DVO) pin.

SFCCHK: LD (P1CR), 00001000B ; ConfiguresportP13 asan output
SET (P1).3 ; P13 output latch « 1 output waveform

LD (TBTCR), 11100000B; Enablesdivider output Ii _I_
JRS T,$ ; Loopsendless —

~— f/1024 —>!

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

@® Generation of main system clock

@ Generation of divider output (DVO) pulses

@ Generation of source clocks for time base timer

@ Generation of source clocks for watchdog timer

® Generation of internal source clocks for timer/counters TC1, TC2, TC3 and TC5
® Generation of internal clocks for serial interfaces SIO and HSO

@ Generation of warm-up clocks for releasing STOP mode

Generation of a clock for releasing reset output
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(1) Configuration of Timing Generator

The timing generator consists of a 21-stage divider with a divided-by-2 prescaler, a main system clock
generator, and machine cycle counters. An input clock to the 7th stage of the divider depends on
the operating mode and DV7CK (bit 4 in TBTCR) shown in Figure 1-11 as follows.

During reset and at releasing STOP mode, the divider is cleared to “0”, however, the prescaler is not

cleared.

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

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

> fcor fs . > machine cycles
_».| main system clock generator machine cycle counters |, _ o toc
SYSCK I ]
DV7CK
prescaler divider S divider
High-frequency. f fe/a f/28a
dgck q Yy ¢ 1]2 >|1|2(3|a]|5]6 BY 7|89 |10|11[12[13[14]15|16|17[18[19]20]21
Low-frequency fs i fs[ ™ o
clock divider MPX Reset circuit
>\ Stand-by
L 112 )

-~ controller

P a—
Timer/ -< L
Counters Watchdog

) Timer

L
Serial Time Base
Interfaces Timer
Divider
Note: MPX ; Multiplexer output circuit
Figure 1-11. Configuration of Timing Generator
7 5 4 3 2 1 0

TBTCR |(DvoEN)| (DVOCK) | DV7CK |(TBTEN)| (TBTCK) | | (Initial value: 0%**0 0x*x)

(00364)

DV7CK

Selection of input clock to the | 0: f¢/28 [Hz]
7th stage of the divider 1: fs

Note 1: fc; high-frequency clock [Hz], fs,; low-frequency clock [Hz], * ; Don’t care
Note 2: Do not set DV7CK to “1” in the single-clock mode.
Note 3: Do not set DV7CK to “1” before low-frequency clock is stable in the dual-clock mode.

Figure 1-12. Timing Generator Control Register
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(2) Machine Cycle
Instruction execution and peripheral hardware operation are synchronized with the main system
clock. The minimum instruction execution unit is called an “machine cycle”. There are a total of 10
different types of instructions for the TLCS-870 Series: ranging from 1-cycle instructions which
require one machine cycle for execution to 10-cycle instructions which require 10 machine cycles for
execution.
A machine cycle consists of 4 states (SO to $3), and each state consists of one main system clock.

1|/fc or 1/fs [s]

|

1
Main System Clock —| |
(fc or fs) '

L

s1 2 | s3 so | st | s2 [ s3 |

State S0

1
Machine cycle —>!

0.5us at fc=8MHz
122 us at fs=32.768 kHz

Figure 1-13. Machine Cycle

1.8.3 Stand-by Controller

The stand-by controller starts and stops the oscillation circuits for the high-frequency and low-frequency
clocks, and switches the main system clock. There are two operating modes: single-clock and dual-clock.
These modes are controlled by the system control registers (SYSCR1, SYSCR2).

Figure 1-14 shows the operating mode transition diagram and Figure 1-15 shows the system control
registers. Either the single-clock or the dual-clock mode can be selected by an option during reset.
87PHA47 is fixed on the single-clock mode after reset release (when using the dual-clock mode, turn on the
oscillation circuits for the low-frequency clocks at the beginning of program).

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

@ NORMAL1 mode
In this mode, both the CPU core and on-chip peripherals operate using the high-frequency
clock. In the case where the single-clock mode has been selected as an option, the 87C807 is
placed in this mode after reset.

@ IDLE1 mode

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

3-07-18 1999-08-23



TOSHIBA

TMP87C807

@ STOP1 mode

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

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

(2) Dual-clock mode

Both high-frequency and low-frequency oscillation circuits are used in this mode. Pins P21 (XTIN)
and P22 (XTOUT) cannot be used as input/output ports. The main system clock is obtained from the
high-frequency clock in NORMAL2 and IDLE2 modes, and is obtained from the low-frequency clock
in SLOW and SLEEP modes. The machine cycle time is 4/fc [s] (0.5 us at fc=8 MHz) in NORMAL2 and
IDLE2 modes, and 4/fs [s] (122 us at fs =32.768 kHz) in SLOW and SLEEP modes. Note that the 87PH47
is placed in the single-clock mode during reset. To use the dual-clock mode, the low-frequency
oscillator should be turned on by executing [SET (SYSCR2).XTEN] instruction.

@ NORMAL2 mode

In this mode, the CPU core operates using the high-frequency clock. On-chip peripherals
operate using the high-frequency clock and/or low-frequency clock. In case that the dual-
clock mode has been selected by an option, the 87C807 is placed in this mode after reset.

SLOW mode

This mode can be used to reduce power-consumption by turning off oscillation of the high-
frequency clock. The CPU core and on-chip peripherals operate using the low-frequency
clock.

Switching back and forth between NORMAL2 and SLOW modes is performed by the system
control register 2.

IDLE2 mode

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

SLEEP mode

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

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

reset release

software software
IDLE1 NORMAL1 STOP1
mode - mode mode
interrupt STOP pin input
(a) Single-clock mode
RESET2
reset release
software
IDLE2 NORMAL2
mode mode
interrupt
soft
ward STOP pin STOP2
mode
software s
SLEEP | (< | sLow -
mode mode _--" software
interrupt
(b) Dual-clock mode
Note 1: NORMAL1 and NORMAL2 modes are

generically called NORMAL,; STOP1 and STOP2
are called STOP; and IDLE1, IDLE2 and SLEEP
are called IDLE.

Note 2: There is no RESET2 mode in 87PH47.

) Frequency On-chip Machine cycle
Operating mode |— CPU core . .
High-frequency | Low-frequency Peripherals time

« | RESET1 reset reset
3 NORMAL1 turning on t 4/fc [s]
O o : operate c[s
‘i oscillation tu "f?""g.Off operate
— | IDLEY oscillation
o
c - halt
= turning off
> —

STOP1 oscillation halt

RESET2 reset reset

turning on
| NORMAL2 oscillation High-frequency operate 4ffc[s]
S .
: High and/or Low,
o IDLE2 turning on halt (Hig )
v I
0 oscillation
T |SLOW Low-frequency afs [
a - turr?ing.off Low-frequency sls.
oscillation hal
turning off alt —
STOP2 oscillation halt

Figure 1-14. Operating Mode Transition Diagram
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System Control Register 1
Yy g
SYSCR1
(0038,,) | STOP | RELM | RETM |OUTEN| wuT (Initial value: 0000 00%*)
0: CPU core and peripherals remain active
STOP STOP mode start 1: CPU core and peripherals are halted
(start STOP mode)
RELM Release method 0: Edge-sensitive release
for STOP mode 1: Level-sensitive release
Operating mode 0: Returnto NORMAL mode
RETM R/W
after STOP mode 1: Return to SLOW mode
OUTEN Port output control 0: High-impedance
during STOP mode 1: Remain unchanged
. . 00: 3x2"/fcor 3x2"/fs [s]
wyr | Warming-up time at 01:29/fc  or 2%/fs

leasi TOP
releasing STOP mode 1*: Reserved

STOP2 mode. Always set RETM to “1” when transiting form SLOW mode to STOP2 mode.

RETM contents.

Note 3:fc ;  high-frequency clock [Hz]
fs ; low-frequency clock [Hz]
* ; Don’t care

Note 4: Bits 1 and 0 in SYSCR1 are read in as undefined data when a read instruction is executed.

the interrupt of the falling edge may be set.

System Control Register 2

7 6 5 4

SYSCR2 | XEN |XTEN | SYSCK| IDLE |
(0039y)

(Initial value:  10/100 *%xx)

Note 1: Always set RETM to “0” when transiting from NORMAL1 mode to STOP1 mode and NORMAL2 mode to

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

Note 5: When the STOP mode is started by specifying OUTEN = “0”, the internal input of port is fixed to “0” and

High-frequency oscillator | 0: Turn off oscillation

XEN e
control 1: Turnon oscillation
Low-frequency oscillator | 0: Turn off oscillation

XTEN -
control 1: Turn on oscillation

Main system clock select
SYSCK | (write)/main system clock
monitor (read)

0: High-frequency clock
1: Low-frequency clock

IDLE IDLE mode start 0: CPU and watchdog timer remain active

1: CPU and watchdog timer are stopped (start IDLE mode)

Note 1: A reset is applied (RESET pin output goes low) if both XEN and XTEN are cleared to "0”.
Note 2: Do not clear XEN to “0” when SYSCK =0, and do not clear XTEN to “0” when SYSCK =1.
Note 3: WDT; watchdog timer, * ; Don’t care

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

XTEN | operating mode after reset

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

ADDITIONAL INFORMATION “Notice for Masking Option of TLCS-870 series” section 8.

Note 5: An optional initial value can be selected for XTEN. Always specify when ordering ES (engineering sample).

Note 6: The instruction for specifying Masking Option (Operation Mode) is ES order Sheet is described in

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

(1) STOP mode (STOP1, STOP2)
STOP mode is controlled by the system control register 1 (SYSCR1) and the STOP pin input. The STOP
pin is also used both as a port P20 and an INT5 (external interrupt input 5) pin. STOP mode is started
by setting STOP (bit 7 in SYSCR1) to “1”. During STOP mode, the following status is maintained.

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

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

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

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

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

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

In this mode, STOP mode is released by setting the STOP pin high. This mode is used for
capacitor back-up when the main power supply is cut off and long term battery back-up.

When the STOP pin input is high, executing an instruction which starts the STOP mode will not
place in STOP mode but instead will immediately start the release sequence (warm-up). Thus, to
start STOP mode in the level-sensitive release mode, it is necessary for the program to first
confirm that the STOP pin input is low. The following method can be used for confirmation:

® Using an external interrupt input INT5 (INT5 is a falling edge-sensitive input).

Example: Starting STOP mode with an INT5 interrupt.

PINT5: TEST (P2).0 ; To reject noise, the STOP mode does not start if
JRS F, SINT5 port P20 is at high
LD  (SYSCR1),01000000B ; Sets up the level-sensitive release mode.
SET (SYSCR1).7 ; Starts STOP mode
LDW (IL), 1110011101010111B ;IL12, 11,7, 5, 3 « 0 (clears interrupt latches)
SINT5: RETI

1
STOP pin \ (c ﬂ ViH \
27

27
XouT pin LAY
[}

NORMAL i STOP i ! NORMAL

operation E operation E Warm-up ' operation
Confirm by program that the

STOP pin i | d STOP mode is released by the hardware.
pin Input is fow an Always released if the STOP
start STOP mode. . o
pininputis high.

Figure 1-16. Level-sensitive Release Mode

Note 1: After warm-up start, even if STOP pin input is low again, STOP mode does not restart.
Note 2: When changing to the level-sensitive release mode from the edge-sensitive release mode, the release mode is not
switched until a rising edge of the STOP pin input is detected.
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b. Edge-sensitive release mode (RELM =0)
In this mode, STOP mode is released by a rising edge of the STOP pin input. This is used in
applications where a relatively short program is executed repeatedly at periodic intervals. This
periodic signal (for example, a clock from a low-power consumption oscillator) is input to the
STOP pin.
In the edge-sensitive release mode, STOP mode is started even when the STOP pin input is high.

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

LD  (SYSCR1), 00000000B ; OUTEN&O (specifies high-inpedance)
DI ; IMF«0 (disables interrupt service)
SET (SYSCR1).STOP ; STOP<«1 (activates stop mode)
LDW (IL),1110011101010111B ;1L12,11,7,5,3<-0 (clears interrupt latches)
El ; IMFe«1 (enables interrupt service)
: | {5
o N\ For \ \
STOP pin ! (¢ ! (¢
{ 55 : /L
XOUT pin i m
NORMAL ' STOP | : . STOP
operation operation i Warm-up >} NORMAL A operation ~
/ operation/
STOP mode started
h .
by the program STOP mode is released by the hardware at the rising
edge of STOP pin input.

Figure 1-17. Edge-sensitive Release Mode

STOP mode is released by the following sequence:

@ When returning to NORMAL2, both the high-frequency and low-frequency clock oscillators
are turned on ; when returning to SLOW mode, only the low-frequency clock oscillator is
turned on. When returning to NORMAL 1, only the high-frequency clock oscillator is turned
on.

A warming-up period is inserted to allow oscillation time to stabilize. During warm-up, all

internal operations remain halted. Two different warming-up times can be selected with

WUT ( bits 2 and 3 in SYSCR1) as determined by the resonator characteristics.

® When the warming-up time has elapsed, normal operation resumes with the instruction
following the STOP mode start instruction (e.g. [SET (SYSCR1). 7]). The start is made after

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

®

Table 1-1. Warming-up Time example

Return to NORMAL1 mode Return to SLOW mode
WUT At fc=4.194304 MHz At fc=8 MHz WUT At fs=32.768 kHz
3x2"¥/fc [s] 375 [ms] 196.6 [ms] 3x2%/fs [s] 750 [ms]
29/ f¢ 125 65.5 28 /1s 250

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. After reset, the 87C807 is placed in NORMAL mode (the 87PH47 is
placed in NORMAL1 mode).
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Note: When STOP mode is released with a low hold voltage, the following cautions must be observed.
The power supply voltage must be at the operating voltage level before releasing STOP mode.
The RESET pin input must also be high, rising together with the power supply voltage. In this
case, if an external time constant circuit has been connected, the RESET pin input voltage will
increase at a slower rate than the power supply voltage. At this time, there is a danger that a
reset may occur if input voltage level of the RESET pin drops below the non-inverting high-level
input voltage (hysteresis input).

(2) IDLE mode (IDLE1, IDLE2, SLEEP)

IDLE mode is controlled by the system control register
2 (SYS.CRZ).and. maskab.le interrupts. The following Starting IDLE mode
status is maintained during IDLE mode. by instruction

@® Operation of the CPU and watchdog timer is

halted. On-chip peripherals continue to CPU, WDT are halted

operate. R ———
@ The data memory, CPU registers and port
output latches are all held in the status in Reset
effect before IDLE mode was entered.
@ The program counter holds the address of No (high)
the instruction following the instruction

which started IDLE mode.

Example: Starting IDLE mode. (Normal ) Yes

release mode
SET (SYSCR2) .4 ; IDLE«1 No

IDLE mode includes a normal release mode and an
interrupt release mode. Selection is made with the
interrupt master enable flag (IMF). Releasing the IDLE
mode returns from IDLE1 to NORMAL1, from IDLE2 to
NORMAL2, and from SLEEP to SLOW mode.

Yes (Interrupt release mode)

Interrupt processing

——]

Execution of the

a. Normal release mode (IMF = “0") instruction which follows
IDLE mode is released by any interrupt source the IDLE mode start
enabled by the individual interrupt enable flag Instruction
(EF) or an external interrupt 0 (INTO pin) request. J7
Execution resumes with the instruction following
the IDLE mode start instruction (e.g. [SET Figure 1-19. IDLE Mode

(SYSCR2).4]).
The interrupt latch (IL) of the interrupt source for releasing the IDLE mode must be cleared “0”

by load instruction.

b. Interrupt release mode (IMF = “1")
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 pin) request. After the
interrupt is processed, the execution resumes from the instruction following the instruction
which started IDLE mode.

IDLE mode can also be released by setting the RESET pin low, which immediately performs the reset
operation. After reset, the 87C807 is placed in NORMAL mode (the 87PH47 is placed in NORMALA1
mode).

Note: When a watchdog timer interrupt is generated immediately before the IDLE mode is started,
the watchdog timer interrupt will be processed but IDLE mode will not be started.
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(3) SLOW mode
SLOW mode is controlled by the system control register 2 (SYSCR2) and the timer/counter 2 (TC2).

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

Note: The high frequency clock can be continued oscillation in order to return to NORMAL2
mode from SLOW mode quickly. Always turn off oscillation of high frequency clock
when switching from SLOW mode to STOP mode.

Example1: Switching from NORMAL2 mode to SLOW mode.

SET (SYSCR2) .5 ; SYSCKe1 (Switches the main system clock to the
low-frequency clock)
CLR (SYSCR2) .7 ; XENe0O  (turns off high-frequency oscillation)

Example2: Switching to SLOW mode after low-frequency clock oscillation has stabilized.
LD (TC2CR), 14H ; Sets TC2 mode (timer mode, source clock: fs)
LDW (TREG2), 8000H ;Sets warming-up time
(according to Xtal characteristics)

SET (EIRH) . EF14 ; Enables INTTC2
LD (TC2CR), 34H ; Starts TC2
PINTTC2: LD (TC2CR), 10H ; Stops TC2
SET (SYSCR2) .5 ; SYSCKe—1
CLR (SYSCR2) .7 ; XEN<-O
RETI
VINTTC2: DW PINTTC2 ; INTTC2 vector table

b. Switching from SLOW mode to NORMAL2 mode
First, set XEN (bit 7 in SYSCR2) to turn on the high-frequency oscillation. When time for
stabilization (warm-up) has been taken by the timer/counter 2 (TC2), clear SYSCK (bit 5 in
SYSCR2) to switch the main system clock to the high-frequency clock.

Note 1: After the SYSCK is cleared to “0” , the CPU core operate using low frequency clock
when the main system clock is switching from low frequency clock to high
frequencyclock.

Note2: SLOW mode can also be released by setting the RESET pin low, which immediately
performs the reset operation. After reset, the 87C807 are placed in NORMAL mode
(the 87PH47 is placed in NORMALT mode).

3-07-27 1999-08-23



TMP87C807

TOSHIBA

S9POIAl OIS PUB ZTVINYON 9Y3 udamiaq Buiydums

SPOIN ZTVINHON 3y1 01 Buiyoums  (q)
apow

LIVIANON dn Buiwiepn

¥4

-1 aunbiy4

spow MO1S

UOQ S(Z¥ISAS) ¥1D

x w L7(TYISAS) 135

LR RO ORRRRRR RO RRRR IO ERD

PO MOTS 243 03 Buiydms ()

3pow MOTS !

b e BUIYILIMS BP O - - - e e

uoINIBXd

Jo1dNJIsY|

N3IX

AISAS

¥0p
waysAs
ulewy
0P
fusnbayy
-Mo7
3202
fuanbayy
Y61+

apow
ZTYINYON

”X £ (ZUISAS) ¥1D

1
e wam e T T Aoy

uonRnIaxa
011ONISU|

N3X

¥
fouanbay
-MO7
320

461+

1999-08-23

3-07-28



TOSHIBA

TMP87C807

Example:

7.9 ms).

PINTTC2:

VINTTC2:

SET (SYSCR2).7
LD  (TC2CR), 10H

LD (TREG2+ 1), OF8H

SET (EIRH).EF14
LD  (TC2CR), 30H

LD  (TC2CR), 10H
CLR (SYSCR2).5

RETI

DW PINTTC2

1.9 Interrupt Controller
The 87C807 has each have a total of 14 interrupt sources: 6 externals and 8 internals. Nested interrupt
control with priorities is also possible. Two of the internal sources are pseudo non-maskable interrupts;
the remainder are all maskable interrupts.
Interrupt latches (IL) that hold the interrupt requests are provided for interrupt sources. Each interrupt
vector is independent.
The interrupt latch is set to “1” when an interrupt request is generated and requests the CPU to accept
the interrupt. The acceptance of maskable interrupts can be selectively enabled and disabled by the
program using the interrupt master enable flag (IMF) and the individual interrupt enable flags (EF).
When two or more interrupts are generated simultaneously, the interrupt is accepted in the highest
priority order as determined by the hardware. Figure 1-22 shows the interrupt controller.

Table 1-2.

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

; XEN«1 (turns on high-frequency oscillation)

; Sets TC2 mode

(timer mode, source clock: fc)

; Sets the warming-up time
(according to frequency and resonator characteristics)

;Enables INTTC2
; Starts TC2

, Stops TC2

; SYSCK«0 (Switches the main system clock to the
high-frequency clcok)

;INTTC2 vector table

Interrupt Sources

Interrupt Source Enable Condition IntLeal:crcuhpt Ve;?(;;ifle Priority

IEn)}teerrr:g{ (Reset) Non-Maskable — FFFEH High 0
Internal | INTSW  (Software interrupt) Pseudo — FFFCH 1
Internal | INTWDT (Watchdog Timer interrupt) non-maskable 1L FFFAY 2
External |INTO (External interrupt 0) IMF=1,INTOEN =1 IL3 FFF84 3
Internal [ INTTC1  (16-bit TC1 interrupt) IMF - EF5=1 ILg FFF6y 4
External |INT1 (External interrupt 2) IMF « EF5 =1 ILs FFF4y 5
Internal | INTTBT (Time Base Timer interrupt) IMF - EFg =1 ILg FFF2y 6
External |INT2 (External interrupt 2) IMF - EF7 =1 1Ly FFFOy 7
Internal | INTTC3  (8-bit TC3 interrupt) IMF - EFg =1 ILg FFEEH 8
Internal | INTSIO  (Serial Interface interrupt) IMF + EFg =1 ILg FFECH 9
Internal [ INTTC5 (8-bit TC5interrupt) IMF - EF1g=1 IL1o FFEAY 10
External |INT3 (External interrupt 3) IMF - EFq1 =1 ILq4 FFE8y 11
External |INT4 (External interrupt 4) IMF - EFq, =1 ILy» FFE6H 12

reserved IMF - EFq3=1 ILq3 FFE4y 13
Internal | INTTC2  (16-bit TC2 interrupt) IMF - EFq4=1 IL1g FFE2y 14
External | INT5 (External interrupt 5) IMF - EFq5=1 IL15 FFEOY Low 15
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(1

(2)

Interrupt Latches (IL15 to ILp)
Interrupt latches are provided for each source, except for a software interrupt. The latch is set to
when an interrupt request is generated, and requests the CPU to accept the interrupt. The latch is
cleared to “0" just after the interrupt is accepted. All interrupt latches are initialized to “0” during
reset.
The interrupt latches are assigned to addresses 003CHy and 003Dy in the SFR. Each latch can be
cleared to “0” individually by an instruction; however, the read-modify-write instruction such as bit
manipulation or operation instructions cannot be used (Do not clear IL2 for a watchdog timer
interrupt to “0”). Thus, interrupt requests can be cancelled and initialized by the program. Note
that interrupt latches cannot be setto “1” by any instruction.
The contents of interrupt latches can be read out by an instruction. Therefore, testing interrupt
requests by software is possible.

111 "

Example 1: Clears interrupt latches

LDW (IL), 1110100000111111B;ILq2, IL1gto ILg<0
Example 2: Reads interrupt latches

LD WA, (IL) sWedly, Al
Example 3: Tests an interrupt latch

TEST (IL).7 ; ifIlLz =1 then jump

JR F, SSET

Interrupt Enable Register (EIR)

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

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

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

@ Individual interrupt Enable Flags (EF15 to EF4)
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.
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Example 1: Sets EF for individual interrupt enable, and sets IMF to “1”.
LDW (EIR), 1100100010100001B  ; EFqs5, EFqa, EFq1, EF7, EFs5, IMFe1
Example 2: Sets an individual interrupt enable flag to “1".

SET (EIRH).4 ; EF12¢-1

1514 13 12 1110 9 8 7 6 5 4 3 2 1 0
(oo3c,"603DH) [ ILys i 1lqg i llgg MLy §llqq §llqg i Ilg i Ilg | Iy § g | s i ILg I3 § ILp |

ILy (003Dy) IL, (003Cy)
(Initial Value: ,,,,QQQQQQQQ,QQQQQO**
| EFy5 i EFqq i EFq3 i EFqp ( EFqq (EFqg ! EFg i EFg | EF; | EFg : EFs | EFg | @
/\
EIRy (003B}) EIR, (003Ap)
(Initial Value: 00000000 0000*=**0)
Note1: Do not use any read-modify-write instruction such as bit manipulation for clearing IL.

Note2: Do not clear the IL2 by an instruction.
Note3: Do not set IMF to “1”during non-maskable interrupt service programs.

EIR
(003A, 003By)

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

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

(1) Interrupt acceptance procesing

Interrupt acceptance processing is as follows:

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

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

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

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

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

Interrupt service task

T Y R T T N N B

1 machine cycle
Interrupt |
signal 1

latch

7|

L
Instruction i
execution 'e"xse‘iﬂifé%" X Interrupt acceptance X L’;‘;ﬁﬂi.‘g?,“ \ RETI instruction execution

7
© XOOEX @

Notel: a,; return address, b ; entry address, ¢, address when the RETI instruction is stored
Note2: The maximum response time from when an IL is set until an interrupt acceptance processing starts is 38/fc or
38/fs [s] .

il

Figure 1-24. Timing Chart of Interrupt Acceptance and Interrupt Return Instruction

Example: Correspondence between vector table address for INTTBT and the entry address of the
interrupt service program.
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Vector table address Entry address
T SN— T N N—
FFF24 034 E2034 OFy
gl M |:> o
L~ L~

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

Example 1: Disables an external interrupt 0 using INTOEN:

CLR (EINTCR), INTOEN ; INTOEN<«-0
Example 2: Disables the processing of external interrupt 0 under the software control (using bit 0
at address 00FOy as the interrupt processing disable switch):

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

SINTO:  : Interrupt processing :

VINTO: DW 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 changeove:
General-purpose registers can be saved at high-speed by switching to a register bank that is
not in use. Normally, bank 0 is used for the main task and banks 1 to 15 are assigned to
interrupt service tasks. To increase the efficiency of data memory utilization, the same bank
is assigned for interrupt sources which are not nested.
The switched bank is automatically restored by executing an interrupt return instruction
[RETI] or [RETN]. Therefore, itis not necessary for a program to save the RBS.

Example: Register Bank Changeover

PINTxx: LD RBS, n ; Switches to bank n (1 us at 8 MHz)
: Interrupt processing :
RETI ; Restores bank and Returns
main task ¢ f interrupt main task "
acceptance o T acceptance of
| bank m interrupt service task intereugt . ':;re\,'}zlépt
m Switch to bank by saving
[LD RBS, n] or registers
[INC(GRBS)]
instruction
n
...................... Restore bank )
m | interrupt return automatically by ::Sti(::e:sg
[RETI]/[RETN] ~ . °
instruction e
Interrupt return
(a) Saving/Restoring by register bank changeover (b) Saving/Restoring using push/pop or data transfer instructions

Figure 1-25. Saving/Restoring General-purpose Registers
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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: Registersave using push and pop instructions
PINTxx : PUSH WA ; Save WA register pair
PUSH HL ; Save HL register pair
“interrupt processing
POP HL ; Restore HL regoster pair
POP WA ; Restore WA register pair
RETI ; Return
................................................................................ Address (example)
.................... SP _). T 0138H
.............................. T o] 9139
......... H o o13A
......... A I LS
........ W o fo13c
ke R e 013D
....... PCy. . |o13E
....... PSW .. SP—| | O13F

At acceptance
of aninterrupt |:> of a push

instruction

At execution
of a pop
instruction

At execution :>

At execution of an
:D interrupt return
instruction

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

Example: Saving/restoring a register using data transfer instructions
PINTxx : LD (GSAVA), A ; Save A register
“ Interrupt processing :
1> A(GSAVA) ; Restore A register
RETI ; Return

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

[RETI] Maskable interrupt return [RETN] Non-maskable interrupt return

@® The contents of the program counter and the |® The contents of the program counter and

program status word are restored from the program status word are restored from the

stack. stack.
@ The stack pointer is incremented 3 times. @ The stack pointer is incremented 3 times.
@ Theinterrupt master enable flagis setto “1”. @ The interrupt master enable flag is set to “1”

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

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

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

The 87C807 has six external interrupt inputs (INTO, INT1, INT2, INT3, INT4, and INT5). Four of these are
equipped with digital noise rejection circuits (pulse inputs of less than a certain time are eliminated as
noise). Edge selection is also possible with INT1, INT2, INT3 and INT4.

The INTO/P10 pin can be configured as either an external interrupt input pin or an input/output port, and
is configured as an input port during reset.

Edge selection, noise rejection control and INTO/P10 pin function selection are performed by the external
interrupt control register (EINTCR). When INTOEN =0, the IL3 will not be set even if the falling edge of
INTO pin input is detected.

Table 1-3. External Interrupts

Source Pin fﬁﬁﬁ%g‘i',ag}’n Enable conditions Edge Digital noise reject

INTO INTO P10 IMF=1, INTOEN=1 falling edge — (hysteresis input)
Pulses less than 15/fc [s] or 63/fc [s]
are cancelled as noise. Pulses equal
INTH INTT P11 IMF - EF5 = 1 to or more than 48/fc [s] or 192/fc [s]

falling edge | are regarded assignals.
or
INT2 INT2 P12/TC1 IMF - EF7 =1 rising edge | Pulses less than 7/fc [s] are cancelled
as noise. Pulses equal to or more
INT3 INT3 P70/TC3 IMF - EFq7 =1 than 24/fc [s] are regarded as
. _ signals. Same applies to pins TC1
INT4 INT4 P71 IMF - EFq2=1 and TC3.
INT5 INT5 P20/STOP IMF - EFq5=1 falling edge — (hysteresis input)

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

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

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

INTO/INT5 input | tinTL tinTH > teyc
: T Note: tcyc=4/fc(at NORMAL 1/2 and IDLE 1/2
tinTL : tNTH modes)

4/fs (at SLOW and SLEEP modes)

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

@ INT1 pin 49/fc [s] (INTINC=1), 193/fc [s] (INTINC=0)
@ INT2,INT3, INT4 pins 25/fc [s]

Note 5: When INTOEN =0, interrupt latch IL3 is not set even if a falling edge is detected for INTO pin input.

Note 6: When high-impedance is specified for port output in stop mode, port input is forcibly fixed to low level internally.
Thus, interrupt latches of external interrupt inputs except INT5 (P20/STOP) which are also used as ports may be set
to “1”. To specify high-impedance for port output in stop mode, first disable interrupt service (IMF =0) , activate
stop mode. After releasing stop mode, clear interrupt latches using load instruction, then, enable interrupt
service.

Example: Activating stop mode

LD  (SYSCR1),01000000B ; OUTEN<O (specifies high-impedance)
DI ; IMF&0 (disables interrupt service)

SET (SYSCR1).STOP ; STOP«1 (activates stop mode)

LDW (IL),1110011101010111B ;1L12,11,7,5,3<0 (clears interrupt latches)
El ; IMFe1 (enables interrupt service)
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EINTGRR _/ & 5 4 3 2 1 0.
0037,) [ NE' [ WP | e [ e [ e || ;  (nitial value:  00+0 000+)
. . . 0: Pulses of less than 63/fc [s] are eliminated as noise
INT1TN N | .. .
¢ oise reject time select 1: Pulses of less than 15/f¢ [s] are eliminated as noise
—_— ) . 0: P10 input/output port
INTOEN P10/INT f i
0 O/INTO pin configuration 1: INTO pin (Port P10 should be set to an input mode) RIW
INT4 ES L
INT3 ES 0: Rising edge
INT2 ES INT4 to INT1 edge select 1: Falling edge
INT1ES
Note 1:fc ; High-frequency clock[Hz] * ,; Don’t care

Note 2:
Note 3:

Note4:

Note 5:

Note 6:

Edge detection during switching edge selection is invalid.

Do not change EINTCR when IMF = 1. After changing EINTCR, interrupt latches of external interrupt
inputs must be cleared to “0” using load instruction.

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

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

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

LD (TC1CR),01001000B ; TC1S « 00 (stops TC1)
DI ; IMF « 0 (disables interrupt service)
LD (EINTCR),00000100B ; INT2ES « 1 (changes edge selection)

1  Nop

8 machine :
cycles NOP
] LD (ILL),01111111B ; IL7 « 0 (clears interrupt latch)

El ; IMF « 1 (enables interrupt service)
LD (TC1CR),01111000B ; TC1S « 11 (starts TC1)

If changing the contents of INT1ES during NORMAL1/2 mode, interrupt latch of external interrupt input
INT1 must be cleared after 14 machine cycles (when INT1NC = 1) or 50 machine cycles (when INTINC =0)
from the time of changing. During SLOW mode, 3 machine cycles are required.

Figure 1-26. External Interrupt Control Register

1.9.3 Software Interrupt (INTSW)

Executing the

[SWI] instruction generates a software interrupt and immediately starts interrupt

processing (INTSW is highest prioritized interrupt). However, if processing of a non-maskable interrupt is
already underway, executing the SWI instruction will not generate a software interrupt but will result in
the same operation as the [NOP] instruction. Thus, the [SWI] instruction behaves like the [NOP]

instruction.

Note: Software interrupt generates during non-maskable interrupt processing to use SWI instruction
for software break in a development tool.
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Use the [SWI] instruction only for detection of the address error or for debugging.

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

Note: The fetch data from addresses, BF80y to BFFFy for 87C807 is not “FFy”.

@ Debugging
Debugging efficiency can be increased by placing the SWI instruction at the software break
point setting address.

1.10 Watchdog Timer (WDT)
The watchdog timer rapidly detects the CPU malfunction such as endless looping caused by noise or the
like, and resumes the CPU to the normal state.
The watchdog timer signal for detecting malfunction can be selected either a reset output or a non-
maskable interrupt request. However, selection is possible only once after reset. At first the reset output

is selected.

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.

1.10.1 Watchdog Timer Configuration

internal reset

MPX

fc/2%or fs/2" —|A
fc/ 2% or s/ 2" —|B
fc/2%or fs/ 2" —>|C
fc/27or fs/2° —>|D

S

clock

Binary Counters

<

clear

\N

DT output

reset release signal from T.G.

|8

WDTT

WDTEN

writing writing clear
disable code |code

overflow W
1 2
enable

-k

reset
output

o >—"reser

WDTOUT

Controller

0034H

0035 t
o |

WDTCR1

Watchdog Timer Control Registers

Note:

interrupt request
| } INTWDT

MPX ; Multipexer

Figure 1-27. Watchdog Timer Configuration
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1.10.2 Watchdog Timer Control
Figure 1-28 shows the watchdog timer control registers (WDTCR1, WDTCR2). The watchdog timer is
automatically enabled after reset.

(1) Malfunction detection methods using the watchdog timer

The CPU malfunction is detected as follows.

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

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

Example: Setsthe watchdog timer detection time to 221/fc [s] and resets the CPU malfunction.

LD (WDTCR2), 4EH ; Clears the binary counters
LD (WDTCR1), 00001101B ;WDTT«10, WDTOUT«1
— LD (WDTCR2), 4EH ; Clears the binary counters

Within WDT L § (always clear immediately after changing WDTT)
detection time i

LD (WDTCR2), 4EH ; Clears the binary counters
Within WDT :
detection time §

LD (WDTCR2), 4EH ; Clears the binary counters

Watchdog Timer Control Register 1

7 6 5 4 3 2 1 0
WDTCR1 .
el s e e T = (Initial value: *x** 1001)
osaw ¢ o 'R worr | 807
WDTEN Watchdog timer 0: Disable (it is necessary to write the disable code to WDTCR2)
enable/disable 1: Enable
00: 2% /fc or 2" /fs [s]
wptr | Watchdog timer 01: 28/fc or 2"™/fs write
detection time 10: 22'/fc or 2B/fs only
11:2%/fc or 2"'/fs
Watchdog timer 0: Interrupt request
wpTouT output select 1: Reset output

Note 1: WDTOUT cannot be set to “1” by program after clearing WDTOUT to "0".
Note2:fc ; High-frequencyclock[Hz] fs ; Low-frequencyclock[Hz] * ; Don’t care
Note 3: WDTCR1 is a write-only register and must not be used with any of read-modify-write instructions.
Note 4: Disable the watchdog timer or clear the counter just before switching to STOP mode.
When the counter is cleared just before switching to STOP mode, clear the counter again subsequently
to releasing STOP mode.

Watchdog Timer Control Register 2

WDTCR2 7 6 5 4 3 2 1 0
©o3sy) [ & f f bttt b | (Initial value: xxxx xxxx)

4Ey:  Watchdog timer binary counter clear (clear code)
B1y: Watchdog timer disable (disable code)
others: Invalid

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

Note 2: * ; Don’t care

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

Note 4: The binary counter is cleared asynchrously with respect to the source clock. Therefore, make sure the
binary counter is cleared within 3/4 of the detection period.

write
only

Watchdog timer control

WDTCR2 code write register

Figure 1-28. Watchdog Timer Control Registers
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Table 1-4. Watchdog Timer Detection Time

Operating mode Detection time
NORMAL1 NORMAL2 SLOW At fc=8 MHz At fs=32.768 kHz
25/ f¢ [sec] | 2%/f¢, 2V /fs 27/ fs 4.194s 4s
28/ fc¢ 28 /1¢, 2%/ 1fs 25/ fs 1.048s 1s
2%/ fc 22/ fe, 23/ fs R — 262.1ms 250 ms
29/ f¢ 29/1¢, 2"/ fs e 65.5ms 62.5ms

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

Example: Enableswatchdog timer
LD (WDTCR1), 00001000B ; WDTEN«1

(3) Watchdog Timer Disable
The watchdog timer is disabled by writing the disable code (B1y) to WDTCR2 after clearing WDTEN
(bit 3 in WDTCR1) to “0”. The watchdog timer is not disabled if this procedure is reversed and the
disable code is written to WDTCR2 before WDTEN is cleared to “0”. The watchdog timer is halted

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

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

Example: Disables watchdog timer
LDW (WDTCR1), 0B101H ; WDTEN«O0, WDTCR2<«disable code

1.10.3 Watchdog Timer Interrupt (INTWDT)
This is a pseudo non-maskable interrupt which can be accepted regardless of the contents of the EIR. 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 interrupt setting up.
LD SP, 013Fy ; Setsthe stack pointer
LD (WDTCR1), 00001000B ; WDTOUT«0

1.10.4 Watchdog Timer Reset
If the watchdog timer output becomes active, a reset is generated, which drives the RESET pin low to
reset the internal hardware and the external circuits. The reset output time is 220/fc [s] (131 ms at fc=8
MHz). The RESET pin is sink open drain input/output with pull-up resister.

Note : The high-frequency clock oscillator also turns on when a watchdog timer reset is generated in
SLOW mode. Thus, the reset output time is 220/fc. The reset output time include a certain
amount of error if there is any fluctuation of the oscillation frequency when the high-frequency
clock oscillator turns on. Thus, the reset output time must be considered approximate value.
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27 [s]

Clock L LI LI ] Wworr=1
Binary counter 1 x 2 XEX 0o X 1 X 2 X 3 X 0

Overflow
INTWDT interrupt "
= Y

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

writes 4E, to WDTCR2

Figure 1-29. Watchdog Timer Interrupt/Reset

1.11 Reset Circuit
The 87C807 has each have four types of reset generation procedures: an external reset input, an address
trap reset, a watchdog timer reset and a system clock reset. Table 1-5 shows on-chip hardware
initialization by reset action. The internal source reset circuit (watchdog timer reset, address trap reset,
and system clock reset) is not initialized when power is turned on. Thus, output from the RESET pin may
go low (220/fc [s.] (131 ms at 8 MHz) when power is turned on.

Table 1-5. Initializing Internal Status by Reset Action

On-chip Hardware Initial Value On-chip Hardware Initial Value
Program counter (PC) (FFFFy) - (FFFER) Divider of Timing generator 0
Register bank selector (RBS) 0
Jump status flag UF) 1 Watchdog timer Enable

Refer to I/0 port
circuitry

Refer to each of
control register

Interrupt master enable flag (IMF) Output latches of /O ports

Interrupt individual enable flags  (EF)

o O ©

Interrupt latches (L Control registers

1.11.1 External Reset Input
When the RESET pin is held at low for at least 3 machine
cycles (12/fc [s]) with the power supply voltage 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 FFFEH and FFFFy.
The RESET pin contains a Schmitt trigger (hysteresis) with
an internal pull-up resistor. A simple power-on-reset can be Figure 1-30. Simple Power-on-
applied by connecting an external capacitor and a diode. Reset Circuitry
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1.11.2 Address-Trap-Reset

An address-trap-reset is one of fail-safe function that detects CPU malfunction caused by noise or the

like, and returns the CPU to the normal state.

If the CPU attempts to fetch an instruction from addresses 00004 to 013Fy (a part of RAM or SFRs), an
internal reset (called address-trap-reset) will be generated. Then, the RESET pin output will go low. The

reset time is 220/fc [s] (131 ms at 8 MHz).

reset

(reset release Xinstruction ataddressr
I T

Note 1: 0=a=013Fy

Execution P a
1

D Address-trap is occurred R i
RESET output (“L" output)  (( [Hi2)! i
i ) 1 i |
1 1 1 1
1 1 1 1
i ' i H
! 2%/f¢ [s] 12%fc | 2%fc :

to

2%/fc

Note 2: During reset release, reset vector “r” is read out, and an instruction at address r is fetched and decoded.

Figure 1-31. Address-Trap-Reset

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

1.11.4 System-Clock-Reset

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

2.1 Special Function Registers (SFR) and Data Buffer Registers (DBR)
The TLCS-870 Series uses the memory mapped I/O system, and all peripheral control and data transfers
are performed through the special function registers (SFR) and data buffer registers (DBR).
The SFR are mapped to addresses 00004 to 003Fy, and the DBR to addresses 0F80y to OFFFy.
Figure 2-1 shows the 87C807 SFRs and DBRs.

Address Read Write Address Read Write

0000y PO port 00204 s101SR (S101 status) SIO1CR1
01 21
02 22
03 23
04 24
05 25
06 26
07 27
08 28
09 29
0A 2A
0B 2B
0C
0D
OE

OF reserved

10 reserved
11

12
13
14
15
16
17
18
19
1A
1B
1C
1D
1E

1F reserved 3F | PSW (Program status word) I RBS (Register bank selector)

(a) Special Function Registers

Address Read Write
OF80y reserved i

Note 1: Do not access reserved areas by the program.
................................................................................... Note 2: - : Cannot be accessed.
OFEF reserved Note 3: When defining address 003Fy with assembler
OFFO | symbols, use GPSW and GRBS.
------------------------------------------- Note 4: Write-only registers and interrupt latches cannot
g ..................... $101 - use the read-modify-write instructions (bit
manipulation instructions such as SET, CLR, etc.

""""""""""" transmit and receive
F4 ! W and logical operation instructions such as AND,
OR, etc.)

F5 | data buffer
F6
F7
OFF8 = [ HsO transmit data buffer
F9 reserved
FA
FB
FC
FD
FE
FF reserved

(b) Data Buffer Registers

Figure 2-1. SFR & DBR
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2.2 1/OPorts
The 87C807 has 5 parallel input/output ports (35pins) and 1 parallel output ports (2 pins) each as follows:

Primary Function Secondary Functions
Port PO 8-bitioport | —
Port P1 8-bit 1/0 port external interrupt input, timer/counter input/output, and divider
output
“PortP2 | 3-bitl/Oport | low-frequency resonator connections, external interruptinput,

and STOP mode release signal input

Port P7 8-bit 1/0 port serial interface, external interrupt, and timer/counter input/output

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

External data is read from an I/O port in the S1 state of the read cycle during execution of the read
instruction. This timing can not be recognized from outside, so that transient input such as chattering
must be processed by the program.

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

fetchcycle fetchcycle read cycle fetchcycle fetchcycle  write cycle .

I ] ] | I ] ]

I ) ) 1 I ) ) 1
Instruction ___S0 S1 S2 S3 S0 S1 S2 S3 S0 $1 82 83 ___ Instruction—__S0 S1 S2 S3 SO S1 S2 S3 SO S1 S2 S3
exea:;gr;__ 1 1 E)I(': LID Al" ()ﬂ) 1 1 1 1 1 _—— exeait;gre‘__ 1 1 E)I(': LID (?()’A 1 1 1 1 1 -

Input strobe—- [ ] — Output latch__ [ 1
i pulse :
Datainput X X/ _ Dataoutput _ old X new
(a) Input Timing (b) Output Timing
Note: The positions of the read and write cycles may vary, depending on the instruction.

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

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

(1) Instructions that read the output latch contents

® XCH r, (src) ® LD (pp) . b, CF

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

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

(2) Instructions that read the pin input data
@ Instructions other than the above (1)
@ (HL) side of ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), (HL)
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2.2.1Port PO (P07 to P0O)

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

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

STOP
obTen 4
POCRi j,l
Data output '

~

Data output D Q—* > ' D POi
Output latch

Note: i=7to0
7 6 5 4 3 2 1 0

PO [ P07 i PO6 i PO5 i PO4 i PO3 i P02 i PO1 : POO | (initial value: 0000 0000)
(0000y;)
7 6 5 4 3 2 1 0
POCR : : : : : : ” :
(000 | | (Initial value: 0000 0000)
POCR I/0 control for port PO 0: Input mode Write
(Set for each bit individually) 1: Output mode only

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

Figure 2-3. Port PO and POCR

Example: Setting the upper 4 bits of port PO as an input port and the lower 4 bits as an output port
(Initial output data are 1010g).
LD (P0), 00001010B ; Sets initial data to PO output latches
LD (POCR), 00001111B ; Sets the port PO input/output mode

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

2.2.2 PortP1 (P17 to P10)
Port P1 is an 8-bit input/output port which can be configured as an input or an output in one-bit unit
under software control. Input/output mode is specified by the corresponding bit in the port P1
input/output control register (P1CR). Port P1 is configured as an input if its corresponding P1CR bit is
cleared to “0”, and as an output if its corresponding P1CR bit is set to “1”. During reset, the P1CR is
initialized to “0”, which configures port P1 as an input . The P1 output latches are also initialized to “0".
Data is written into the output latch regardless of P1CR contents. Therfore initial output data should be
written into the output latch before setting P1CR. Port P1 is also used as an external interrupt input, a
timer/counter input, and a divider output. When used as secondary function pin, the input pins should
be set to the input mode, and the output pins should be set to the output mode and beforehand the
output latch should be setto “1”.
It is recommended that pins P11 and P12 should be used as external interrupt inputs, timer/counter input,
or input ports. The interrupt latch is set at the rising or falling edge of the output when used as output
ports.
Pin P10 (INTO) can be configured as either an I/O port or an external interrupt input with INTOEN (bit 6 in
EINTCR). During reset, pin P10 (INTO) is configured as an input port P10.
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OUTEN
P1CRi 4/;
Data input <
Data output P1i
Qutput latch
Control output ci
Control input Note: i=71t00
7 6 5 4 3 2 1 0
P1 P17 i P16 i P15 | P14 { P13 i P12 { P11 { P10
(0001y) : : TC2 | PPG  DVO ! 'ygf CINT1 { TNTO | (Initial value: 0000 0000)
7 6 5 4 3 2 1 0
?3&;}3) | 5 ; ; ; ; | (initial value: 0000 0000)
H
PICR 1/0 control for port P1 0: Input mode Write
(Set for each bit individually) 1: Qutput mode only

Note: P1CR is a write-only register and must not be used with any of the read-modify-write instructions.

Figure 2-4. PortP1and P1CR
Example: Sets P17, P16 and P14 as output ports, P13 and P11 as input ports, and the others as function

pins. Internal output datais “1” for the P17 and P14 pins, and “0” for the P16 pin.

LD
LD
LD

(EINTCR), 01000000B ;
(P1),10111111B
(P1CR), 110100008

INTOEN«1

;P17¢1, P14<1, P16<0

operate instruction.

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

2.2.3 Port P2 (P22 to P20) SET/CLR/ CPL/others — [ CMP/MCMP/ TEST / others

Port P2 is a 3-bit input/output port. It| Datainput |
is also used as an external interrupt L<j-
input, and low-frequency crystal ;ﬁh N
connection pins When used as an Data OUFPUt P Q [ D P20 (INT5/STOP)
. . Control input /{I
input port, or a secondary function Data input . \I:I_(l
pin, the output latch should be set to <]_ N Osc. enable
“1". During reset , the output latches N
are initialized to “1". Data output —>|E L ] P21 (xTIN)
A low-frequency crystal (32.768 kHz) _ I
is connected to pins P21 (XTIN) and | D3t@input :I\/]_<\l
P22 (XTOUT) in the dual-clock mode. A
In the single-clock mode, pins P21 and | pata output _,IE E ] [ P22 xToun)
P22 can be used as normal
input/output ports. p Note 1: *; Don’t care

; ; STOP Note 2: XTEN is bit6 of
It is recommended that pin P20| 2/OF :Dc : SYSCR.
should be used as an external XTEN
interrupt input, a STOP mode release fs @,
signal input, or an mpu.t port. If used 7 6 5 4 3 2 1 0
as an Outpu‘t port, the Interrupt |a‘tCh O 527 o7 520
is set on the falling edge of the (0002y) rouT: x| INTS

: . STOP
outputpulse. | e : :
When a read instruction is executed : (nitial value: xxxx *111)
for port P2, bits 7 to 3read inas “1". Figure 2-5. Port P2
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2.24 PortP5 (P51 to P50)

Port P5 is a 2-bit output port only.

Output latch

Data output —>|E ™S DP5i

Note: i=0, 1
1 0

P51 | P50

(Initial value: ***x *%11)

Note: P5 is a write-only register and must not be used with any of the read-modify-write instructions.

Figure 2-6. PortP5

2.2.5 PortP6 (P67 to P60)

Port P6 is an 8-bit input/output port which can be configured as an input or an output in one-bit unit
under software control. Input/output mode is specified by the corresponding bit in the port P6
input/output control register (P6CR). During reset, the P6CR are initialized to “0”, then port P6 can be
configured as an input.

During reset, the P6 output latches are initialized to “0”. When used as an output port, data is written
into the output latch regardless of the P6CR contents. Therefore initial output data should be written
into the output latch before setting P6CR.

STOP
OUTEN D

P6CRIi -
Data output ' <J
Data output D Q . > . D P6i
Output latch .
Note: i=7to0
P6 7 6 5 4 3 2 1 0
(0006,) | P67 : P66 : P65 : P64 : P63 : P62 : P61 : P60 | (Initial value: 0000 0000)
P6CR 7 . 6 . 5 . 4 . 3 . 2 . 1 . 0
(000Cy) | : : : : : : : | (Initial value: 0000 0000)
P6CR 1/0 control for port P6 0: Input mode Write
(Set for each bit individually) 1: Output mode only

Note 1: P6CR is a write-only register and must not be used with any of the read-modify-write instruction.
Note 2: The port set to input mode reads pin input state. When used with input/output modes, output latch
contents of the port set to an input mode may be placed by execution of bit operate instruction.
Note 3: During reset, port P6 can be configured as an analog input on the emulation pod (BM87CH47U0A)
and OTP (TMP87PH47U). Therefore the AINDS (bit 4 in ADCCR) should be set to "1’ by the instruction
as below due to keep the compatibility between 87C807 and BM87CHA47U0OA and TMP87PHA47U.
Example: Initialization

LD (ADCCR), 0001 0000B ; Disable as analog input for port P6
The above instruction is ignured on TMP87C807, because TMP87C807 doesn’t have ADCCR registor.

Figure 2-7. Port P6 and P6CR
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2.2.6 PortP7 (P77 to P70)

Port P7 port is an 8-bit general-purpose input/output port, each bit of which can be set for input or
output and its output state can be selected individually.

This port is shared with external interrupt input, timer-counter input/output, and serial interface
input/output.

Use the P7 port input/output control register 1 (P7CR1) to direct this port for input or output. For the
output state of this port, use the P7 port input/output control register 2 (P7CR2) to choose “open-drain”
or “tristate”. When reset, P7CR1 is set to “0”, so that the P7 port is directed for output. Also , the P7
port’s output latch is initialized to “0”. Note that P7CR1 and P7CR2 are write-only register.

ouren >
P7CR1i *
2

Data input ~ ~
P7CR2i

Output latch ]
Data output D PYi

D Q ° ‘ L
— Note:i=7to0
P7 7 6 5 4 3 2 1 0
(0007y) | P77 i P76 : P75 : P74 : P73 i P72 i P71 } P70
HSO :HSCK: SO : SI : SCK : PDO : INT4 : INT3 "
: : : : (PWM : : TC3 (Initial value: 0000 0000)
P7CR1 7 6 5 4 3 2 1 0
(000Dy) | : : : : : : : | (nitial value: 0000 0000)
P7CR1 1/0 control for P7 0: Input mode Write
(Set for each bit individually) 1: Qutput mode only
P7CR2 7 6 5 4 3 2 1 0
(0027y) | : g g : g g : | Onitial value: 1111 1111)
P7CR2 1/0 control for P7 0: Sink opendrain Write
(Set for each bit individually) 1: Tri-state only

Note: P7CR1and P7CR2 are write-only register and mudt not be used with any of the read-modify-write
instructions.

Figure 2-8. Port7 and P7CR

Note: The port set to input mode reads pin input state. When used with input/output modes, output
latch contents of the port set to an input mode may be placed by execution of bit operate
instruction.
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2.3 Time Base Timer (TBT)
The time-base timer is used to generate the base time for key scan and dynamicdisplay processing. For this
purpose, it generates a time-base timer interrupt (INTTBT) at predetermined intervals. This interrupt is
generated beginning with the first rising edge of the source clock (the timing generator’s divider output
selected by TBTCK) after the time-base timer is enabled. Note that since the divider cannot be cleared by
a program, the first interrupt only may occur earlier than the set interrupt period (See Figure 2-9, (b)).
When selecting the interrupt frequency, make sure the time-base timer is disabled (Do not change the

selected interrupt frequency when disabling the active timer either).

interrupt frequency simultaneously when enabling the timer.

However, you can select the

Example: Setsthe time base timer frequency to fc¢/216 [Hz] and enables an INTTBT interrupt.
LD (TBTCR), 00001010B
SET (EIRL). 6
MPX
fc/223 or 57215 >—A .INJTBT "
fc/2% or fs/2'3 >—B ratueat
16 8 >c¢ a
fc/2 > or fs/2 source clock
14 6 .
fc/2' or 5726 >—{D vyl Rising
fc/2'3 or fs/2° >—E —_|D_ edge saurcecock | [ L__ [ LT
12 4 >_ F : : :
1‘c/211 or 1‘5/23 - detector : ; :
fc/2' or fs/2 G : : :
TBTEN : : :
fc/2° or fs/2 >—|H : : :
1 . T .
3L 1
TBTCK TBTEN INTTBT ! " " "_
! v i
TBTCR Note: MPX ; Multiloexer ! Interrupt
Time Base Timer Control Register Enable TBT period
(a) Configuration (b) Time Base Timer Interrupt
Figure 2-9. Time Base Timer
7 6 5 4 3 2 1 0
-(I-(?OTBC(:S:) |(DVOEN) | ©OVgeK) | ©OVICK) | TBTEN | | TBTCK | (Initial value: 0%*0 Oxxx*)
Time base timer 0: Disable
TBTEN enable/disable 1: Enable
000:fc/ 223 or fs/2'5[Hz]
001:fc/ 22" or fs/2"3
010:fc/2'® or fslzg RIW
011:fc/2"* or fs/2
TBTCK 100:fc/2"3 or fs/25
101:f¢/2'2 or fs/2°
110:f¢/2"" or fs/23
11:f¢/2% or fs/2
Note: fc,; High-frequency clock [Hz], fs,; Low-frequency clock [Hz], * ; Don’t care
Figure 2-10. Time Base Timer and Divider Output Control Register
Table 2-1. Time Base Timer Interrupt Frequency
NORMAL1/2, IDLE1/2 mode Interrupt Frequency
TBTCK SLOW, SLEEP mode
DV7CK =0 DV7CK = 1 At fc =8 MHz At fs=32.768 kHz
000 fc/2% fs/213 fs/213 0.95 Hz 1 Hz
001 fc/ 22 fs/ 213 fs/2'3 3.81 4
010 fcs2'6 fs/ 28 - 122.07 128
011 fc/21 fs/ 26 - 488.28 512
100 fc/213 fs/2° - 976.56 1024
101 fc/212 fs /24 - 1953.12 2048
110 fc/ 2" fs/23 - 3906.25 4096
111 fe/2° fs/2 - 15625 16384
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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 setto “1” and then the P13
should be configured as an output mode.
Divider output circuit is controlled by the control register (TBTCR) shown in Figure 2-11.

7 6 5 4 3 2 1 0
(T(?()Tacer:) |DVOEN| DVOCK |(DV7CK) | (TBTEN) | (TBTCK), | (Initial value: 0**0 Qxxx)
DVOEN | Divider output enable/disable 0: Disable
1: Enable
00: fc/2"3  or fs/2°[Hz] RIW
Divider output (DVO) 01:fc/2'2  or fs/24
bvock frequency selection 10: fc/2'"" or fs/ 23
11: fc/2'0  or fs/22
Note: fc,; High-frequency clock [Hz], fs; Low-frequency clock [Hz], * ; Don't care
Figure 2-11. Divider Output Control Register
Example: 1kHz pulse output (atfc=8 MHz)
SET (P1).3 ; P13 output latch «1
LD (P1CR), 00001000B ; Configures P13 as an output mode
LD (TBTCR), 10000000B ; DVOEN«1, DVOCK«00
Table 2-2. Frequency of Divider Output
DVOCK Frequency of At fc = 4.194304 MHz| At fc = 8 MHz |At fs = 32.768 kHz
Divider Output
00 fc/2% or  fs/2° 0.512 [kHz] 0.976 [kHz] 1.024 [kHz]
01 fc/2" fs/2* 1.024 1.953 2.048
10 fe/2M fs/ 23 2.048 3.906 4.096
11 fc/ 2" fs/2? 4.096 7.812 8.192
output latch output enable
data output D Q P13 (DVO)
MPX

fc/213 orfs/25 >
fc/2120rfs/24 >

f 211 f 23>— Y
foraiorterz S P13 output latch_| L
2L :

DVOCK DVOEN DVOEN —I L
| TBTCR | . — P
DVO pin I " | | | | | | | : | | |

Divider output control register

oNnwp

(a) Configuration (b) _Timing Chart

Figure 2-12. Divider Output
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16-bit Timer/Counter 1 (TC1)

2.5

2.5.1 Configuration

(121) L 31unodsdwiy “g1- 2anbiy

3q0.43S UM
815341 g THENTE
XYM ! XdIW Tv1933L RTLENT
103es2dWO) JdND 910N * *
1915163 j0UOD | JBUNOIBWIR
aqons jo1u0>
Ll UM YILIL P333p Yojew WL
3|qeua
a1 ‘v siasibas Jown 3q-g1 MILIL
LdvDS
D 9|6603 vi93dL g1D3L |
ainides
FLETRY( Av M w
uid dd 1054 s VY 8
1d odd A
O~<Ho 1S |
Xdn
8POW MopuUIM 4
916601 4
yrew
L3 Jown _ _Iw €2/%
spow A 131%
di

wswainseaw| — 123unoa-anug-91 la—  €2/S}4404,7/3}

yipim asjnd| 1e3p “u uid 101

-
\njl\ S32NI
[FE)
_ Jopajap abpa _
Buisy Buyjje.
1eapd — e
spow
jeuBis 1eapd §131 uawasnseaw
yipim asind
apow 19ddN
1ndino o4dd
s %
3dnAd) LDLINI SLO1

1999-08-23
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2.5.2 Control
The timer/counter 1 is controlled by a timer/counter 1 control register (TC1CR) and two 16-bit timer
registers (TREG1A and TREG1B). Reset does not affect TREG1A and TREG1B.

TREG1A 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(0010, 0011H)| ] TIREG1AH (001 1|H) ] ] | ] ] xREG‘IA}L (0010|H) ] ] |
Write only
TREG1B
(0012, 0013, . TREG1By; (0013y) . | ! ,  TREGTB, (0012y) . |
Read / Write (Write available in only
7 6 5 4 3 2 ! 0 PPG output mode)
SCAP1
TC1CR (Initial value: 0000 0000)
MCAP1
(0014y,) TRF1 |1 TC1S TC1CK TC1M
MPPG1 L | 1
00: timer/external trigger timer/event counter mode
TCIM TC1 01: window mode
mode select 10: pulse width measurement mode
11: PPG output mode
00: internal clock f¢/2"  or fs/22  [Hz]
TC1CK TC1 01: internal clock fc/2’
source clock select 10: internal clock fc/23
11: external clock (TC1 pin input)
00: stop & counter clear )
Tc1s |TC 01: command start Write
start control 10: reserved only
11: external trigger start
SCAP1 software capture control 0: - 1: software capture trigger
MCAP1 pulse width measurement 0: double edge capture 1: single edge capture
control
external trigger timer - Lo
METT1 control 0: trigger start 1: trigger start & stop
MPPG1 | PPG output control 0: continuous pulse 1: single pulse
TFF1 timer F/F1 control for PPG 0: clear 1: set
output mode

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

Note 2: Writing to the low-byte of the timer registers (TREG1A;, TREG1B,;), the comparison is inhibited until the
high-byte (TREG1Ay, TREG1By) is written. After writing to the high-byte, the comparison of 1 machine cycle
(during instruction execution) is ignored.

Note 3: Set the mode, source clock, edge (INT2ES), PPG control and timer F/F control when TC1 stops (TC1S = 00).

Note 4: Software capture can be used in only timer and event counter modes.

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

TREG1A>TREG1B>0 (PPG output mode); TREGTA>0 (others)

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

Note 7: TC1CR and TREG1A are a write-only register, which cannot be accessed by any read-modify-write instruction
such as bit operate, etc.

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

Note 9: When selecting fc/23 source clock in the pulse width measurement mode, the last bit (bit 0) of counter value
(TREG1B) to be read is always “0”.

The other source clock can be read the counter value corresponded to the counting.

Figure 2-14. Timer Registers and TC1 Control Register
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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, programmable pulse generator output mode.

(1) Timer Mode
In this mode, counting up is performed using the internal clock. The contents of TREG1A are
compared with the contents of up-counter. If a match is found, an INTTC1 interrupt is generated,
and the counter is cleared t0”0”. Counting up resumes after the counteriscleared. The current
contents of up-counter can be transfered to 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)

Source clock Resolution Maximum time setting
NORMAL1/2, IDLE1/2 modes
SLOW, SLEEP modes | Atfc=8MHz | Atfs=32.768 kHz | Atfc=8MHz | Atfs=32.768 kHz
DV7CK=0 DV7CK=1
fc/23[Hz] fc/23[Hz] - 1 s - 65.5 ms -
fcr127 fc/27 - 16 us - 1.0 s -
fc/2™ fs/23 fs/2% [Hz] 256 us 24414 us 16.8 s 16.0 s

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

fs = 32.768 kHz).

LD (TC1CR), 00000000B ; Setsthe TC1 mode and source clock

LDW (TREG1A), 1000H ; Setsthe timer register (1s+23/fs=1000,)
SET (EIRL) . EF4 ; Enables INTTC1

El

LD (TC1CR), 00010000B ; Starts TC1

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

Example 2: Software capture

LD (TC1CR), 010100008
LD WA, (TREG1B)

; SCAP1<1 (Captures)
; Reads captured value

Source clock

Up-counter
TREG1A

INTTC1 interrupt

Source clock

Up-counter

TREG1B

SCAP 1

Command start

2006 6 6 6 0 0.

I €D €D €D &) &

T i Lo
XX X =

1
> X n b
1
! Match Counter
i detect \n’ clear
(a) Timer

X X XX X X X

capture capture

3T

X A

1 I

(b) Software Capture

Figure 2-15. 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. Eitherthe rising or falling edge can be selected with INT2ES. Edge selection is the same as for
the external interrupt input INT2 pin. Source clock is used an internal clock selected with TC1CK. The
contents of TREG1A is compared with the contents of up-counter. If a match is found, an INTTC1
interrupt is generated, and the counter is cleared t0“0"” and halted. The counter is restarted by the
selected edge of the TC1 pin input.

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

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

LD (EINTCR), 00000000B ; INT2ES «-0 (rising edge)
LDW (TREG1A), 0064H ; 100 us +23/fc=64y
SET (EIRL) . EF4 ; Enables INTTC1 interrupt
El
LD (TC1CR), 00111000B ; Starts TC1 exteranl trigger, METT =0
Example 2 :When “L" level pulses of 4 ms or more is input to TC1 pin, generates interrupt (at
fc =8 MHz).
LD (EINTCR), 00000100B ; INT2ES<1 (“L" level)
LDW (TREG1A), 00FAH ; 4ms+27/fc=FAy
SET (EIRL). EF4 ; Enables INTTC1 interrupt
El
LD (TC1CR),01110100B ; Stars TC1 external trigger, METT =1
count start count restart rising edge select

TC1 pininput

Internal clock

Up-counter
TREG1A

INTTC1

TC1 pininput

Internal clock

Up-counter
TREG1A

INTTC1

! trigger | y A trigger (INT2ES = 0)

H

D &5 € €D D ¢ O GEEED &9 &) € €

X n

match \n/ clear

(a) Trigger Start (METT1=0)

count count count
start clear start
A trigger Y trigger trigger +_rising edge select

(INT2ES =0)

' )0 C—

I € 6 €0 ¢.0 O
X ]
/
match ||c|ear

Note: m<n

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

Figure 2-16. 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 or falling edge
can be selected with INT2ES in EINTCR. The contents of TREG1A are compared with the contents of
up-counter. If a match is found, an INTTC1 interrupt is generated, and the counter is cleared. The
maximum applied frequency is f¢/24 [Hz] in NORMAL1/2 or IDLE1/2 mode and fs/24 [Hz] in SLOW or
SLEEP mode.

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

TREG1A

|—|? aln |—| | |
TC1 pininput ! |_| « u |_| failing edge select
| . H H

INTTC1 interrupt

Command start

(’(’ (INT2ES=1)

Up-counter T XX : X! X.)CXO T X 2

n

) it 3

Match Counter
detect kI-I} clear

Figure 2-17. Event Counter Mode Timing Chart (INT2ES = 1)

(4) Window mode

Counting up is performed on the rising edge of the pulse that is the logical AND-ed product of the
TC1 pin input (window pulse) and an internal clock. The contents of TREG1A are compared with the
contents of up-counter. If a match is found, an INTTC1 interrupt is generated, and the counter is
cleared. Positive or negative logic for the TC1 pin input can be selected with INT2ES. Setting SCAP1
to “1” transferes the current contents of up-counter to TREG1B. It is necessary that the maximum
applied frequency (TC1 input) be such that the counter value can be analyzed by the program. That
is, the frequency must be considerably slower than the selected internal clock.

TC1 pininput

Internal clock

command start

Up-counter 0 X 1 X 2 X 3 XZX 5 a 70 n

1

i

I
D

1
TREG1A X 7
|
INTTC1 interrupt : match krlj clear
(a) Positive Logic (INT2ES = 0)
command start
TC1 pininput

_—— e

1

1
Internal clock | | | | | | | | | | | | | | | | | | | | | | | | | ||| | | | | |
H . . : H - | : : :

Up-counter

TREG1A

INTTC1 interrupt

>
o
g

match T&Iear

(b) Negative Logic (INT2ES=1)

Figure 2-18. Window Mode Timing Chart
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(5) Pulse width measurement mode

Counting is started by the external trigger (set to external trigger start by TC1S). The trigger can be
selected either the rising or falling edge of the TC1 pin input. The source clock is used an internal
clock. On the next falling (rising) edge, the counter contents are transferred to TREG1B and an
INTTC1 interrupt is generated. The counter is cleared when the single edge capture mode is set.
When double edge capture is set, the counter continues and, at the next rising (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
TCI1CR).

count count
start start

TC1 pininput }trlgger * * (INT2ES = 0)

Internal clock ||||||||||||||||||||||||||||||||||||
Up-counter naan M 0 EE

capture

TREG1B n

INTTCT n

[Applications] High or low pulse width measurement

(a) Single Edge Capture (MCAP1=1)

count count
start start

TC1 pininput A * * (INT2ES =0)

Internal clock | | | | | | | | | | | | | || | | | | | | | | | | || | | | | | | | | |
Up-counter naan :

: capture
TREG1B X M X h)
INTTC1 I-l |-|

[Applications] @ Period/Frequency measurement
@ Duty measurement

capture

(b) Double Edge Capture (MCAP1=0)

Figure 2-19. Pulse Width Measurement Mode Timing Chart
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Example: Duty measurement (Resolution fc/27 [Hz])

CLR (INTTCI1CSW).0 ; INTTC1 service switch initial setting
LD  (EINTCR), 00000000B ;  Setstherise edge at the INT2 edge
LD (TC1CR),00000110B ;  Setsthe TC1 mode and source clock
SET (EIRL).EF4 ;  Enables INTTC1
El
LD (TC1CR),00110110B ;  Starts TC1 with an external trigger

PINTTC1: CPL (INTTC1CSW).0 ;  Complements INTTC1 service switch
JRS  F,SINTTC1
LD (HPULSE), (TREG1BL) ; ReadsTREG1B
LD (HPULSE + 1), (TREG1BH)
RETI

SINTTC1: LD (WIDTH), (TREG1BL) ;  Reads TREG1B (Period)

LD  (WIDTH + 1), (TREG1BH)
RETI

VINTTC1:DW  PINTTC1

WIDTH :
i _HPULSE _:

TC1 pin _l | I

INTTCISW | I

Note:

When selecting fc/23 source clock in the pulse width measurement mode, the last bit (bit 0)
of counter value (TREG1B) to be read is always “0”.
The other source clock can be read the counter value corresponded to the counting.

(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
by INT2ES of EINTCR) or by a command. The source clock is used an internal clock. First, the
contents of TREG1B are compared with the contents of the up-counter. If a match is found, timer
F/F1 output is toggled. Next, timer F/F1 is again toggled and the counter is cleared by matching
with TREG1A. An INTTC1 interrupt is generated at this time. Timer F/F output is connected to the
P14 (PPG) pin. In the case of PPG output, set the P14 output latch to “1” and configure as an
output with P1CR4. Timer F/F1 is cleared to “0” during reset. The timer F/F1 value can also be set by
program and either a positive or negative logic pulse output is available. Also, writing to the
TREG1B is not possible unless the timer/ counter 1 is set to the PPG output mode with TC1M.

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

SET (P1).4 ; P14 output latch « 1
LD (P1CR), 00010000B ; SetsP14to an output mode
LD (TC1CR), 10001011B ; Sets PPG output mode
LDW (TREG1A), 03E8H ; Setsaperiod (1 ms+1 s =03E8)
LDW (TREG1B), 00C8H ; Sets “L" level pulse width
(200 s+ 1 xs =00C8R)
LD (TC1CR), 10010011B ; Start
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Internal clock

Up-counter

TREG1B

TREG1A

PPG output

INTTC1

TC1 pininput

Internal clock

DOECXHPOOEUDERPIC
X% | § |

\ \ \ \
D SN —
T Tl

(a) Pulse

| external trigger start

Up-counter
TREG1B }” f# (
TREG1A xm \‘ &,
PPG output
INTTC1 |-|
(b) Single [Applications] One shot pulse output
Figure 2-20. PPG Output Mode Timing Chart
P14 output latch
Data output
TFF1 — >set output enable
TC1CR write strobe 5; L clear g > . P14 (PPG) pin
reset
match with TREG1B >—_D
match with TREG1A >——— toggle
B [—
INTTC1 interrupt <Y TimerF/F1
A
;__D->TC1S clearsignal

MPPG1

Figure 2-21. PPG Output
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2.6 16-bit Timer/Counter 2 (TC2)
2.6.1 Configuration

MPX TC2S
TC2pin OF*—>{H
window
fc/223 or f5/2155— | o L
fc/213 or fs/25——|B timer/ 16-bit up-counter
fc/28y—»|C event counter source
/23— DY clock
fes——>E
fsy——IF
> TC2M comparator atch INTTC2
3 interrupt
TC2
TC2CK CT 5
match detect control
TC2CR TREG2 T T
Timer/Counter 2 control register 16-bit timer register 2 TREG2H TREG2L
write strobe write strobe
Note: MPX ; Multiplexer

Figure 2-22. Timer/Counter 2 (TC2)

2.6.2 Control
The timer/counter 2 is controlled by a timer/counter 2 control register (TC2CR) and a 16-bit timer register
2 (TREG2). Reset does not affect TREG2.

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

TREG2
(0016, 001 7H)| . TREG2y (0017h) . . 5 . TREG2, (00161) . |
write only
TC2CR > 4 3 2
(0015,) [ Tc2s | TC2CK | (Initial value:  **00 00%0)
TC2M Timer/counter 2 operating 0: Timer/Event counter mode
mode select 1: Window mode
000:Internal clock fc/2? or fs/2' [Hz]
001: 7 fc/2® or fs/2°
010: 7 fc/28 .
TC20K Timer/counter 2 011: s fc/23 write
source clock select 100: 7 fc (Note 5) only
101: 7 fs
110:Reserved
111:External clock (TC2 pin input)
TC28 Timer/counter 2 0: Stop and counter clear
start control 1: Start

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

Note 2: When writing to the low-byte of timer register 2 (TREG2,), the comparison is inhibited until the high-
byte (TREG2y) is written.
After writing to the high-byte, any match during 1 machine cycle (instruction execution cycle) is
ignored.

Note 3: Set the mode and source clock when timer/counter stops (TC2S =0).

Note 4: Values to be loaded to the timer register must satisfy the following condition.

TREG2 > 0(TREG2;s5.17>0 when warm-up).

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

Note 6: TC2CR and TREG2 are write-only registers and must not be used with any of the read-modify-write
instructions.

Figure 2-23. Timer Register 2 and TC2 Control Register
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2.6.3 Function

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

Also

timer/counter 2 is used for warm-up when switching from SLOW mode to NORMAL2 mode.

(1) Timer Mode
In this mode, the internal clock is used for counting up. The contents of TREG2 are compared with
the contents of up-counter. If a match is found, a timer/ counter 2 interrupt (INTTC2) is generated,
and the counteris cleared. Counting up is resumed after the counter is cleared.
Also, when fc is selected as the source clock during SLOW mode, the lower 11 bits of TREG2 are
ignored and an INTTC2 interrupt is generated by matching the upper 5 bits. Thus, in this case, only
the TREG2H setting is necessary.

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

Source clock ) . . )
Resolution Maximum time setting
NORMAL1/2, IDLE1/2 mode
SLOW mode | SLEEP mode
DV7CK=0 DV7CK=1 Atfc=8 MHz | At fs=32.768 kHz | At fc=8 MHz | At fs=32.768 kHz
fc/2%[Hz] fs/2™[Hz] fs/ 2" [Hz] fs /2" [Hz] 1.05 s 1 s 19.1 hour 18.2 hour
fc/2" fs/2° fs/2° fs/2° 1.02 ms 1 ms 1.1 min 1 min
fc/28 fc/28 - - 32 - 21 s -
fc/23 fcr23 - - 1 us - 65.5 ms -
- - fc (Note) - 125 ns - 7.9 ms -
fs fs - - 30.5 us 2 s

Note: “fc” can be used only in the timer mode. This is used for warm up when switching from SLOW mode to NOAMAL2 mode.

Example:

(2) EventCounter Mode

ms (at fc = 8 MHz).

LD
LDW
SET
El
LD

(TC2CR), 00001100B

(TREG2), 61A8H
(EIRH) . EF14

I

4

(TC2CR), 00101100B ;

; Enable INTTC2

Starts TC2

Sets the timer mode with source clock fc¢/23 [Hz] and generates an interrupt every 25

; Setsthe TC2 mode and source clock
; Sets TREG2 (25ms + 23/fc = 61A8R)

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

compared with the contents of the up-counter.

If a match is found, an INTTC2 interrupt is

generated, and the counter is cleared. The maximum frequency applied to the TC2 pin is fc/24 [Hz] in
NORMAL1/2 or IDLE1/2 mode, and fs/24 [Hz] in SLOW or SLEEP mode. But, a pulse width of 2 machine
cycles or more is required for both “H" and “L" level.

Example:

LD
LDW
SET
El
LD

(TC2CR), 00011100B ;
(TREG2), 640 ;
(EIRH). EF14 ;
(TC2CR), 00111100B ;

Sets the TC2 mode

; Sets TREG2
; Enable INTTC2

Starts TC2

Sets the event counter mode and generates an INTTC2 interrupt 640 counts later.
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(3) Window Mode
In this mode, counting up is performed on the rising edge of the pulse that is the logical AND-ed
product of the TC2 pin input (window pulse) and an internal clock. The internal clock is selected with
TC2CK. The contents of TREG2 are compared with the contents of up-counter. If a match is found,
an INTTC2 interrupt is generated, and the up-counter is cleared to “0”. It is necessary that the
maximum applied frequency (TC2 input) be such that the counter value can be analyzed by the
program. That is, the frequency must be considerably slower than the selected internal clock.

Example: Inputs “H” level pulse of 120 ms or more and generates interrupt (at fc =8 MHz).
LDW (TREG2), 0078H ; Sets TREG2 (120 ms + 213/fc = 0078R)
SET (EIRH). EF14 ; Enables INTTC2 interrupt
El
LD (TC2CR), 00100101B ; Starts TC2
TC2 pininput

Internal clock

Up-counter D 6D 6 @4 (= G = 0 0 6 € ©
TREG2 X n o
counter clear
INTTCZ interrupt match Y
Figure 2-24. Window Mode Timing Chart
2.7 8-Bit Timer/Counter 3 (TC3)
2.7.1 Configuration
- i inhibit
rising
Edge - Capture __D_>
Pdetector [ fING[ ) INTTC3
}— interrupt
TC3M TC3S
clear
° MPX
MPX D

feR2orfs2d — > [A source clock 8-bit up-counter overflow

fe2100rfs22 —>[B TC3aMm

s T

2 L
7 ll u match
TC3CK capture capture
— T > e L B m—
TC3S SCAP 8-bit Timer Register 3A, 3B
Note: MPX; Multiplexer
CMP ; Comparator
TC3CR
Timer/Counter 3 Control Register
Figure 2-25. Timer/Counter 3 (TC3)
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2.7.2 Control
The timer/counter 3 is controlled by a timer/counter 3 control register (TC3CR) and two 8-bit timer
registers (TREG3A and TREG3B). Reset does not affect these timer registers.

TREG3A 7.6_5.4.3_2.1.0
o018y | i ittt ] Read/Write
TREG3B : : : : : : :
(0019H) | : : : : : : : | Read Only
7 6 5 4 3 2 1 0
TC3CR i — D% 2 - _
(0012 [scap|  |1e3s| Tc3ck | |T@3M|  (initial value:  *0%0 00%0)
Timer/counter 3 0: Timer/event counter mode
TC3M .
operation mode set 1: Capture mode
00: Internal clock fc/2? or fs72¢  [HZ]
Tc3ck | Timer/counter 3 01: Internal clock fc/2 or fs/2?
source clock select 10: Internal clock fcr127 Write
11: External clock (TC3 pin input) only
TC3S Timer/counter 3 0: Stop &clear
start select 1: Start
0: -
I
SCAP Software capture contro 1: Software capture
Note 1: fc; High-frequency clock [Hz] fs; Low-frequency clock [Hz] *; Don't care
Note 2: Set the mode, the source clock and the edge selection (INT3ES) when the TC3 stops (TC3S =0).
Note 3: Values to be loaded into timer register 3A must satisfy the following condition.
TREG3A > 0 (in the timer/event counter mode)
Note 4: Software capture can be used in only timer and event counter mode.
Note 5: TC3CR is a write-only register and must not be used with any of read-modify-write instructions.

Figure 2-26. Timer Register 3A/3B and TC3 Control Register

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

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

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

Source clock Resolution Maximum setting time
NORMAL1/2, IDLE1/2 mode SLOW, SLEEP mode fc=8 MHz fs =32.768 kHz fc=8 MIHz fs=32.768 kHz
fc/2"2 or fs/2* [Hz] fs/ 2% [Hz] 512 s 488.28 us 131.1 ms 1245 ms
fc/2" or fs/2? - 128  us 122.07 us 326 ms 31.1 ms
fcr 27 - 16 us - 41 ms -
3-07-61 1999-08-23



TOSHIBA TMP87C807

(2) EventCounter Mode

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

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

Example: Generates an interrupt every 0.5s, inputing 50 Hz pulses to the TC3 pin.
LD (TC3CR), 00001100B ; Sets TC3 mode and source clock
LD (TREG3A), 19H ;05s+1/50=25=19y
LD (TC3CR), 00011100B ; Start TC3

(3) Capture Mode

The pulse width, period and duty of the TC3 pin input are measured in this mode, which can be used
in decoding the remote control signals, etc. The counter is free running by the internal clock. On the
rising (falling) edge of the TC3 pin input, the current contents of counteris loaded into TREG3A, then
the up-counter is cleared and an INTTC3 interrupt is generated. On the falling (rising) edge of the
TC3 pin input, the current contents of the counter is loaded into the TREG3B. In this case, counting
continues. Atthe nextrising (falling) edge of the TC3 pin input, the current contents of counter are
loaded into TREG3A, then the counter is cleared again and an interrupt is generated. If the counter
overflows before the edge is detected, FFy is set to the TREG3A and an overflow interrupt (INTTC3) is
generated. During interrupt processing, it can be determined whether or not there is an overflow by
checking whether or not the TREG3A value is FFy. Also, after an interrupt (capture to TREG3A, or
overflow detection) is generated, capture and overflow detection are halted until TREG3A has been
read out; however, the counter continues. After TREG3A has been read out, capture and overflow
detection are resumed, usually, TREG3B is read out first.

Up-counter k=2 X XK X XK m Ko+ X0 X XX X2 X3 X X XX X2 X3 )

TC3 pininput I\

l : I\ L
! | 1 1
TREG3A X« ro\ X n : X FF (overflow)
! =i ' yak
TREG3B i X m ! X FEE
| capture . capture | overflow
INTTC3 interrupt n I-I I-I

Reading TREG3A I-I I-I I-L

Figure 2-27. Timing Chart for Capture Mode (INT3ES =0)
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2.8 8-bit Timer/Counter 5 (TC5)

2.8.1 Configuration

MPX TC5S

fe/27 >—>
fe/25 >—>

Timer F/F5

Source clear

Y Clock 8-bit Up Counter

fc/22 >—>
fe/2 >—>
fc >—>

overflow
D

toggle

A

B

fe/23 >—{C
D

E

F
s

clear

PWM/PDO
pin

—{>—~0

TC5CK 3

TC5S | TC5M
b 1ot

TC5CR

—C
w match
‘

8-bit Timer register 5

i)

TREGS

Timer/Counter 5 control register

i

INTTCS TéM  TCSS

Interrupt

Note:

MPX ; Multiplexer
CMP,; Comparator

Figure 2-28. Timer/Counter 5 (TC5)
2.8.2 Control

The TC5 is controlled by a timer/counter 5 control register (TC5CR) and an 8-bit timer register 5 (TREG5).

7 6 5 4 3 2 1 0
TREG5 : : : : : : : .
(001DH) | : : : : : : : | Write only
7 6 5 4 3 2 1 0
TC5CR HEPPRE L
(001EH) ... 0" i "o" [Tcss | TC5CK) TGM | (Initial  **00 0000)
00: Timer mode
TC5M TC5 Operating mode select 01: Reserved
10: Progrmmable divider output (PDO) mode
11: Pulse width modulation (PWM) output mode
000: Reserved )
001:Internal clock  fc/27 [Hz] Write
010:Internal clock  f¢/25 only
011:Internal clock  fc/23
T K T lock sel
¢ C5 Source clock select 100:Internal clock  fc/22
101:Internal clock  fc/2
110:Internal clock  fc
111:Reserved
TC5s | TC5 Start control 0: Stop &clear
1: Start
Note 1: fc; High-frequency clock [Hz], fs; Low-frequency clock [Hz], »; Don’t care
Note 2: The set value of timer register must satisfy the following conditions.
(a) When in PWM output mode, 5< TREG5<251
(b) When in any other mode than PWM output mode, 0< TREG5
Note 3: Source clock fc/22, fc/2, and fc cannot be used except in PWM output mode.
Note 4: Set the mode and source clock when timer/counter stops (TC55 =0) .
Note 5: TC5CR is a write-only register, which cannot access any of in read-modify-write instruction such as bit
operate, etc.

Figure 2-29. Timer/Counter 5 Timer Register, Control Register
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2.8.3 Function

TC 5 has 3 operating modes: timer, programmable divider output, and PWM output mode.

(1) Timer mode
In this mode, the internal clock is used for counting up. The contents of the timer register 5 (TREG5)
is compared with the contents of the up-counter. Matching with TREG5 generates a timer/counter 5
interrupt (INTTC5) and clears the counter. Counting up resumes after the counter is cleared.

Table 2-6. Source Clock (Internal clock) for TC5

Source clock resolution | maximum setting time

NORMAL1/2, IDLE1/2 mode

SLOW, SLEEP mode _ B
DV7CK =0 DV7CK = 1 fc=8MHz fc=8MHz
f/2’  [Hz - - 16 us 4080 us
fe/2® - - 4 us 1020 us
fe/23 - - 1 us 255 us

(2) Programmable divider output (PDO) mode
The internal clock is used for counting up. The contents of the TREG5 are compared with the
contents of the up-counter. The timer F/F5 output is toggled and the counter is cleared each time a
match is found. The timer F/F5 output is inverted and output to the PDO (P72) pin. This mode can be
used for 50 % duty pulse output. INTTCS5 interrupt is generated each time the PDO output is toggled.

Example:

1024 Hz pulse output (at fc =4.194304 MHz)

SET (P7).2 ; P72 output lach « 1
LD (TC5CR), 00000110B ; Sets to TC5 modes and source clock
LD (TREG5), 10H ; 171024 x1/2 + 27/fc =10y

LD (TC5CR), 00100110B ; Starts TC5

Timer register 5

Timer F/F5

Counter :xzxzxj 0.0.60 €3 €5 0.0 €0 €3 € 60,60 &

match \

PDOO pin

INTTCS interrupt

1 r 1
I I I
I I I I
! L !

h h h h

Figure 2-30. PDO Mode Timing Chart
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(3) Pulse width modulation (PWM) output mode

PWM output with a resolution of 8-bits is possible. The internal clock is used for counting up. The
contents of the TREGS is compared with the contents of the up-counter. If a match is found, the
timer F/F5 output is toggled. The counter continues counting and, when an overflow occurs, the
timer F/F5 is again toggled and the counter is cleared. The timer F/F5 output is inverted and output
to the PWM (P72) pin. An INTTC5 interrupt is generated when an overflow occurs.

TREG5 is configured a 2- stage shift register and, during output, will not switch until one output cycle
is completed even if TREGS5 is overwritten; therefore, output can be altered continuously. Also, the
first timer, TREGS5 is shifted by setting TC5S (bit 5in TC5CR) to “1" after data are loaded to TREGS5.

Note: PWM output mode can be used in only NORMAL1/2 or IDLE1/2 mode.

Up-counter

Timer register 5

Timer F/F5

N popopetepp

match \

I I over write I I

! ! ! ! i

| | | l L
INTTCS interrupt " "

fe—— 1 cycle ——>

Figure 2-31. PWM Output Mode Timing Chart
Table 2-7. PWM Output Mode
Source clock Resolution Repeat cycle
NORMAL1/2, IDLE1/2 mode
DV7CK =0 DV7CK = 1 At fc=8 MHz fc=4.194304 MHz Atfc=8 MHz fc=4.194304 MHz
fc/2? [Hz] 500 ns 953.7 ns 128 us 244 s
fc/2 250 ns 476.8 ns 64 us 122 us
fc 125 ns 238.4 ns 32 s 61 ns
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2.9 Serial Interface (SIO)
The 87C807 have a clocked-synchronous 8-bit serial interfaces (SIO). The serial interface has an 8-byte
transmit and receive data buffer that can automatically and continuously transfer up to 64 bits of data.
The serial interfaces are connected to external devices via pins P75 (SO), P74 (Sl), P73 (SCK) for SIO. The
serial interface pins are also used as port P7. When used as serial interface pins, the output latches of
these pins should be setto “1”. In the transmit mode, pins P74 can be used as normal I/O ports, and in the
receive mode, the pins P75 can be used as normal I/O ports.

2.9.1 Configuration
The SIO have the same configuration, except for the addresses/bit positions of the control/ status
registers and buffer registers.

SIO control/status registers

CPU
SIOCR1/SIOSR SIOCR2
T T T T T T T T T T T
1 1 1 1 1 1 1 | | 1 1 1 1
Transmit and receive
data buffer
(8 bytes in DBR)
| circui . Buffer control
Control circuit circuit

Shift reqister
7 6 5 4 3 2 1 0

Shift T L SO pin
clock | Ly L L |__’nSeriaI data output
8-bit transfer 4-bit transfer Sl pin

Dserial data input

INTSIO  interrupt request Serial clock SCK pin

O Serial clock I/0

Figure 2-32. Serial Interfaces (SIO)

2.9.2 Control
The serial interfaces are controlled by SIO control registers (SIOCR1/SIOCR2). The serial interface status
can be determined by reading SIO status registers (SIOSR).
The transmit and receive data buffer is controlled by the BUF (bits 2 to 0 in SIOCR2). The data buffer is
assigned to addresses OFFO to OFF7 for SIO in the DBR area, and can continuously transfer up to 8 words
(bytes or nibbles) at one time. When the specified number of words has been transferred, a buffer empty
(in the transmit mode) or a buffer full (in the receive mode or transmit/receive mode) interrupt (INTSIO) is
generated.
When the internal clock is used as the serial clock in the 8-bit receive mode and the 8-bit transmit/receive
mode, a fixed interval wait can be applied to the serial clock for each word transferred. Four different
wait times can be selected with WAIT (bits 4 and 3 in SIOCR2).
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SIO Control Registers 1
7 6 5 4 3 2 1 0
SIOCR1 SIO
(00204) [sios | O SIOM | SCK | (Initial value: 0000 0000)

TMP87C807

(]

: Stop

SIOS Indicate transfer start/stop 1: Start

. 0: Continue transfer
SIOINH [ Continue/abort transfer 1 'nu

: Abort transfer (automatically cleared after abort)

000: 8-bit transmit mode

010: 4-bit transmit mode

SIOM | Transfer mode select 100: 8-bit transmit/ receive mode
101: 8-bit receive mode

110: 4-bit receive mode

Write
only

000: Internal clock fc/2% or fs/2%[Hz]

001: Internal clock fc/28 Output on
SCK | Serial clock select 010: Internal clock fc/2° (SC_K pin )
011: Internal clock fc/2°

111: External clock (input from SCK pin)

Note 1: fc ; High-frequency clock [Hz], s ; Low-frequency clock [Hz]
Note 2: Set SIOS to “0” and SIOINH to “1” when setting the transfer mode or serial clock.
Note 3: SIOCR1 is write-only registers and must not be used with any of read-modify-write instructions.

SIO Status Registers
6 5 4 3 2 1 0

7
SIOSR : : : : : :
(0020, SIOF aqu D owqe Loaqe D oaqe L oaqm D oaqe

] ] ] After SIOS is cleared to “0”, SIOF
SIOF Serial transfer operating 0: Transfer terminated !cs clearegll to ?t at t?e
; . ; ermination of transfer or
status monitor 1: Transfer in process setting of SIOINH. reald
. . . . . only
SEF Shift operating status 0: Shift operation terminated
monitor 1: Shift operation in process

SIO Control Registers 2
SIOCR2 7 6 5 4 3 2 1 0

(0021y) : : WAIT | BUF

| (Initial value: **x0 0000)

Always sets "00" except 8-bit transmit/receive mode.
00: T¢ =Tp (non-wait)

WAIT | Wait control 01: Ts =2Tp
10: T =4Tp :| wait
11: T =8Tp
Buffer address used
Write
000: 1 word transfer OFFOy only

001: 2 words transfer OFFO to OFF1y
010: 3 words transfer ~ OFFO0 to OFF2y
011: 4 words transfer OFFO to OFF3y
100: 5 words transfer OFFO to OFF4y
101: 6 words transfer OFFO to OFF5y
110: 7 words transfer OFFO to OFF6y
111: 8 words transfer OFFO to OFF7y

BUF Number of transfer words
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Note 1: T¢; frametime, Tp; data transfer time

skoin L LI LTLTLTLLTL

To

LG

)] I_I_I_I_

Tt

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

Note 3: Transmitting starts at the lowest address. Received data are also stored starting from the lowest
address to the highest address. For example, the first buffer address transmitted is OFFOy.

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

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

Note 6: SIOCR2 is write-only registers and must not be used with any of read-modify-write instructions.

Note 7: *; don’t care

Figure 2-33. SIO Control Registers and Status Registers
(1) Serial Clock

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

@ Internal Clock
Any of four frequencies can be selected. The serial clock is output to the outside on the SCK
pin. The SCK pin goes high when transfer starts.
When data writing (in the transmit mode) or reading (in the receive mode or the
transmit/receive mode) cannot keep up with the serial clock rate, there is a wait function
that automatically stops the serial clock and holds the next shift operation until the
read/write processing is completed.

Table 2-8. Serial Clock Rate

Serial clock ]
Maximum transfer rate
NORMAL1/2, IDLE1/2 mode
SLOW, SLEEP mode

DV7CK=0 DV7CK =1 At fc=8 MHz At fs=32.768 kHz
fc/2¥  [Hz] fs/ 25 [Hz] fs/ 2% [Hz] 0.95 Kbit/s 1 Kbit/s
fc/28 fc/28 - 30.5 -
fc/2¢ fc/2° - 122 -
fc/2° fc/2° - 244 -

|Note: 1 Kbit =1024 bit|

automatically
| wait function |
[

SCK pin output Illjuu uuuuuu

SO pin output \ a0 X a1 X a X a3 X bo X b1 X by X b3 X co X <1
Written transmit X b

data to the DBR a X ¢

Figure 2-34. Clock Source (Internal Clock)
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@ External Clock
An external clock connected to the SCK pin is used as the serial clock. In this case, the P73
(SCK1) output latch must be set to “1”. To ensure shifting, a pulse width of at least 4
machine cyclesis required. Thus, the maximum transfer speed is 244K bit/s. (at fc = 8 MHz).
SCK pin input L ML LI

-

tsexe tsckm

tsckL, tscxn > 4 teye Note: tcyc = 4/fc(In NORAML1/2, IDLE1/2 modes)
4/fs (In SLOW, SLEEP modes)

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

@ Leading Edge
Transmitted data are shifted on the leading edge of the serial clock (falling edge of the SCK
pin input/output).

@ Trailing Edge
Received data are shifted on the trailing edge of the serial clock (rising edge of the SCK pin
input/output).

sckein o 1 1 |

SO pin N\_bito X bitt X biz X bit3

Shift register X 3210 X *321 X **32 X ***3

(a) Leading Edge

SCK pin L+ L+ Lt L1
SI pin X b:itO X bitt X bitz X bit3

Shift register el X Q*** X 10%* X 210* X3210
(b) Trailing Edge

Note: *,;Don’tcare

Figure 2-35. Shift Edge
(2) Number of Bits to Transfer
Either 4-bit or 8-bit serial transfer can be selected. When 4-bit serial transfer is selected, only the
lower 4 bits of the transmit/receive data buffer register are used. The upper 4 bits are cleared to “0”
when receiving.
The data is transferred in sequence starting at the least significant bit (LSB).

(3) Number of Words to Transfer
Up to 8 words consisting of 4 bits of data (4-bit serial transfer) or 8 bits (8-bit serial transfer) of data
can be transferred continuously. The number of words to be transferred is loaded to BUF.
An INTSIO interrupt is generated when the specified number of words has been transferred. If the
number of words is to be changed during transfer, the serial interface must be stopped before
making the change.
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SCK pin |I|||I|I
SO pin \ a0 X a1 X a X a3

INTSIO interrupt 1

(a) 1 Word Transmit
SO pin \ @ X ar X a X a3 X' bo X by X b X'bs Xco X ot X o X3

INTSIO interrupt M
(b) 3 Words Transmit

Sl pin X a X ar X a Xa X bop X by X Xbg Xco Xt X2 X3/

INTSIO interrupt |'|
(c) 3 Words Receive

Figure 2-36. Number of Bits to Transfer (Example: 1 word = 4-bit)

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

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

In these modes, the SIOCR1 is set to the transmit mode and then the data to be transmitted first
are written to the data buffer registers (DBR). After the data are written, the transmission is
started by setting SIOS to “1”. The data are then output sequentially to the SO pin in
synchronous with the serial clock, starting with the least significant bit (LSB). As soon as the LSB
has been output, the data are transferred from the data buffer register to the shift register.
When the final data bit has been transferred and the data buffer register is empty, an INTSIO
(buffer empty) interrupt is generated to request the next transmitted data.

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

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

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

When the transmit is started, after the SIOF goes “1” output from the SO pin holds final bit of
the last data until falling edge of the SCK.

The transmission is ended by clearing SIOS to “0” or set SIOINH to “1” in buffer empty interrupt
service program.

That the transmission has ended can be determined from the status of SIOF (bit 7 in SIOSR)
because SIOF is cleared to “0” when a transfer is completed. When SIOINH is set, the
transmission isimmediately ended and SIOF is cleared to “0”.
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When an external clock is used, it is also necessary to clear SIOS to “0" before shifting the next
data; otherwise, dummy data will be transmitted and the operation will end.

If it is necessary to change the number of words, SIOS should be cleared to “0”, then BUF must
be rewritten after confirming that SIOF has been cleared to “0”.

e——————clearsIOS

SI0S _e | \

SIOF | \» |
g L] L

ST 'E) € €9 €3 €0 € €3 € () () O O 6 6
INTSIO interrupt I Il
Y
DBR :x af b
Ao

write write

(@ (b

(a) Internal Clock

fe————clear SI0S _—!

SI0S fl |

SIOF _|
SEF _J |_| |

SCK pin (input)

sopin - kX aoX a1 X a2 X ask 2a X asX aeX azX boX b1 X b2 X b3 X ba X bsX be Xor/
INTSIO interrupt . f
)
DBR :xa X b

T T . (b) External Clock
write write

(@ (b

Figure 2-36. Transfer Mode (Example: 8-bit, 1 Word Transfer)

SCK pin | I
SIOF |

SOpin  bite X bit7 7

— 5!
tsopy = min. 3.5/fc[s] (In the NORMAL1/2, IDLE1/2 modes)
=min. 3.5/fs [s] (In the SLOW, SLEEP modes)

Figure 2-37. Transmitted Data Hold Time at End of Transmit
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(2) 4-bit and 8-bit Receive Modes

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

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

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

When an external clock is used, the shift operation is synchronized with the external clock;
therefore, the previous data are read before the next data are transferred to the data buffer
register. If the previous data have not been read, the next data will not be transferred to the
data buffer register and the receiving of any more data will be canceled. When an external
clock is used, the maximum transfer speed is determined by the delay between the time when
the interrupt request is generated and when the data received have been read. When the
transmit is started, after the SIOF goes “1” output from the SO pin holds final bit of the last data
until falling edge of the SCK. The receiving is ended by clearing SIOS to “0” or setting SIOINH to
“1" in buffer full interrupt service program. When SIOS is cleared, the current data are
transferred to the buffer. After SIOS cleanen, the transmissions is ended at the time that the
final bit of the data being shifted has been output. That the transmission has ended can be
determined from the status of SIOF (bit 7 in SIOSR). SIOF is cleared to “0" when the transmission
is ended. After confirmed the receiving termination, the final receiving data is read. When
SIOINH is set, the transmission is immediately ended and SIOF is cleared to “0" (The received
data is ignored, and it is not required to be read out). If the number of words is to be changed
during transfer, SIOS must be cleared to “0” and BUF is rewritten after SIOF is determined to be
cleared to “0” during automatic-wait operation of an external clock operation. The number of
words can be changed in an internal clock. In this case, BUF must be rewritten before the
received data is read out.

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

clear SIOS

SIOS ‘ I /il ___________________ I\\

SI0F [ \ \(;’I_
SEF —I I—I ;

SCK pin (output) <

Sl pin

INTSIO interrupt

DBR

Reajout Read out

Figure 2-38. Receive Mode (Example: 8-bit, 1 word, internal clock)
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(3) 8-bit Transmit/Receive Mode

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

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

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

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

When the transmit is started, after the SIOF goes “1” output from the SO pin holds final bit of
the last data until falling edge of the SCK. The transmit/receive operation is ended by clearing
SIOS to “0” or setting SIOINH to “1” in interrupt service program.

When SIOS is cleared, the current data are transferred to the data buffer register. The
transmit/receive is ended at the time that the final bit of the data being shifted has been output.
The end of transmit/receive can be determined from the status of SIOF (bit 7 in SIOSR). SIOF is
cleared to “0” when the transmit/receive is ended. When SIOINH is set, the transmit/receive is
immediately ended and SIOF is cleared to “0”.

If the number of words is to be changed during transfer, SIOS must be cleared to “0” and BUF is
rewritten after confirmed that SIOF clearing to “0”. The number of words can be changed
during automatic-wait operation of an internal clock. In this case, BUF must be rewritten before
the final transmitted/received data is read out.

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

3-07-73 1999-08-23



TOSHIBA TMP87C807

[ clear SIOS |
s10s _e {4[ _________ |
SIOF 1 \ \7L
SeF — 1 L1 ) I
SCK pin (output) b ( _
50 pin \ 20X a1 X 22X 23X as X asX 26X a7\ X boXbiXbo X baX baX bsXbs X b7/
S pin 222K cokes Kee K cashea Xes X coX ] XdoXdiXd2 X dsXdaX dsXde X d7
INTSIO interrupt I I
DBR X = c X b X d

write (a) read out*c) write (b) read out (d)

Figure 2-39. Transmit/Receive Mode (Example: 8-bit, 1word, internal clock)

SCK pin I |
SIOF |

SO pin bite X b7 7

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

Figure 2-40. Transmitted Data Hold Time at End of Transmit/Receive
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2.9.4 Notes for Usage of SIO

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

typ 0.9V
N~ __internal : : / (atvDD=5V)
SCK D | - ‘ ...... , ..... .......................

Figure 2-41. Example of ringing noise
The SCK pin is used as a count clock for detecting the ending point of the serial data. If some rising noise
occurs on the SCK input line, as Figure 2-41, some miscounting will be performed, thus the function for
shifting the receive data will finish earlier than anticipated, it shown as Figure 2-42.

s« ] L LT LI LT LI LI LT

Correct count 1 2 3 4 5 6 7 8

{ \: { l
miss count 1,2 3,4 5,6 7,8

Figure 2-42. Example of miss count (at 8-bit receive mode)

Note 1: In case of SCK pin is used as input, it is recommended that Schmitt circuit is inserted externally.
Note 2: Additionally, SI pin does not function as Schmitt circuit, so we suggest that Schmitt circuit is
inserted externally.
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2.10  8-bit High-speed Serial Output (HSO)
The 87C807 have a clock-synchronous 8-bit High-speed serial output (HSO). The HSO has a 1-byte
transmit data buffer register (HSODR). The HSODR is assigned to address OFF8y in the DBR area. The HSO
is connected to the external devices via pins P76 (HSCK) and P77 (HSO). These pins are also used as the
port P7. When used as pins HSCK/HSO, the P76/P77 output latches should be setto “1”.

2.10.1 Configuration

transmit data
MSB LSB
fc/28 »—>Ia shift HSO oi
HSODR — pin
fc/26 »—>1g Control Serial data output
fc/25 ——>|c circuit | )
fc/23 —>{Dg [] HSCKpin
Serial clock output
ZrCK INH SEF
HSOCR/HSOSR

Figure 2-43. High-speed Serial Output

2.10.2 Control
The HSO is controlled by a HSO control register (HSOCR). The transfer status can be determined by
reading a HSO status register (HSOSR).

HSO Control Register

WsocR .0 & 5432 1 0

(0024y) | | INH N (Initial value: 0% **00)

0: Continue transfer

INH Transmit control
ansmi 1: Abort transfer
00: Internal clock fc/2% [Hz] Wrilte
1:1 Iclock fc/28 only
SCK Serial clock select 01: Internal cloc ¢/

10: Internal clock  fc/2°
11: Internal clock fc/23

Note 1: fc; High-frequency clock [Hz], * ; Don’t care
Note 2: Transfer clock must be set when the serial output is stopped (INH = 1).

HSO Status Register
7 6 5 4 3 2 1 0

HSOSR ... 2 e e e
(0024y) @ "1 | SEF | AT AT N N AN AT
SEF Shift operating status 0: Shift operation terminated  (enable write to HSODR) read
monitor 1: Shift operation in process (disable write to HSODR) only

Figure 2-44. HSO Control Register and Status Register
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2.10.3 Transmit Operations

SCK (bits 1 and 0 in HSOCR) is used to select the transfer clock. Transmission is started by writing one byte
of data to the HSODR. The transmit data are output sequentially to the HSO pin in synchronized with the
falling edges of the serial clock, starting with the least significant bit (LSB). Writing to the buffer is
disabled by the hardware during data transfers. The shift register is empty after one byte of data has
been transferred, so writing to the buffer is again enabled at that point. SEF (bit 6 in HSOSR) isset to “1"
during transfers (write to buffer disabled) and is cleared to “0” when a transfer is completed (write to
buffer enabled); therefore, whether or not a transfer has been completed can be confirmed with a
program that reads SEF. The HSCK pin is raised to “high” at the start and end of transfers.

Note: To continue a transfer without sensing SEF, write the next data to be transferred after 9 cycles (11
cycles when fc/23 [Hz] is selected only) at the transfer rate selected with SCK after writing to the
buffer.

HSODR

HSCK pin output

HSO pin output

SEF

Figure 2-45. High-speed Serial Output Timing Chart
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Input/Output Circuitry

(1) Control Pins

The input/output circuitries of the 87C807 control Pins are shown below, any one of the circuitries
can be chosen by a code (NM1 or NM2) as a mask option.

Control Pin /10 Input/Output Circuitry and Code Remarks
Osc. enable -—> fc Resonator connecting Pins
A (high-frequency)
XIN Input Re R vDD Re =12MQ  (typ)
XOUT Output o Ro =1.5kQ  (typ.)
XIN XOUT
NM1 NM2
Osc. enable XTEN —&—»fs Resonator connecting Pins
Refer (low-frequency)
XTIN (P21) Input to ‘;Q/\, VDD Rt =6MQ (typ.)
XTOUT (P22 f _
(P22) | Output port P2 % Ro Ro =220k (typ.)
XTIN XTOUT
Sink open drain output
Hysteresis input
RESET Vo Address-trap-reset —>|_r\ Pull-up resistor
Watchdog-timer-reset _,I_L/ Rin=220kQ  (typ.)
-clock-
System-clock-reset R=1kQ (typ.)
VDD
_D Hysteresis input
STOP/INT5 Input —o—
(P20) § R
R=1kQ (typ.)
P20 <]
STOP/INTS @I
VDD
R D, Pull-down resistor
. Rn=70kQ  (typ.
TEST Input input IN (typ.)
Rin R=1kQ (typ)
Note 1: The TEST pin of the 87PH47 does not have a pull-down resister (R;y). Be sure to fix the TEST pin to low in MCU mode.
Note 2: The 87PHA47 is placed in the single-clock mode during reset, and the input/output circuitries ate the code NM1 type.
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(2) Input/Output Ports
The input/output circuitries of the 87C807 input/output ports are shown below.
Port 110 Input/ Output Circuitry Remarks
VDD
output _I Tri-state 1/0
PO initial “Hi-z2" High current output only PO
110
P6 disable ~< R
. R=1kQ (typ.
input <l| (typ.)
VDD
output Tri-state 1/0
initial "Hi-Z" Hysteresis input
P1 /0
disable R
. R=1k .
input @, Q (typ.)
P20 P21, P22 Sink open drain output
VPD Pinitial “Hi-z" VPD Pinitial “Hi-z"
P2 /10
output —[>o—|
. R=1kQ
Input
VDD
P7CR2 .
Tri-state 1/0
output 1 initial “Hi-z"
P7 17O disable < R
R=1kQ (typ.)
input <‘I
The output circuitries of the 87C807 output ports are shown below.
Port 110 Input/ Output Circuitry Remarks
Sink open drain output
D1
initial “Hi-2"
P5 o}
output >o |
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Electrical Characteristics

Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Conditions Ratings Unit
Supply Voltage Vpp -0.3t06.5 \
Input Voltage Vin -0.3toVpp+0.3 Y
Output Voltage Vour -0.3toVpp+0.3 \
) louT1 Ports P1, P2, P5, P6, P7 3.2
Output Current (Per 1 pin) mA
lout2 | PortPO 30
S loyt1 |PortsP1, P2, P5, P6, P7 100
Output Current (Total) mA
Sloyt2 | PortPO 120
Power Dissipation [Topr=70°C] PD 350 mw
Soldering Temperature (time) Tsld 260(105) °C
Storage Temperature Tstg -55t0125 °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
one of the ratings must not be exceeded. If any absolute maximum rating is exceeded, a device may break down or its
performance may be degraded, causing it to catch fire or explode resulting in injury to the user. Thus, when designing
products which include this device, ensure that no absolute maximum rating value will ever be exceeded.

Recommended Operating Conditions | (Vss=0V, Topr= -30t070°C)

Parameter Symbol Pins Conditions Min Max Unit
NORMAL1, 2 mode
fc=8 MHz 4.5
IDLE1, 2 mode
NORMAL1, 2 mode
fc=4.2 MHz
Supply Voltage Vpp IDLE1, 2 mode ’7 5.5 Vv
fs = SLOW mode '
32.768kHz | 5| EEp mode
STOP mode 2.0
Vi1 Except hysteresis input Vpp % 0.70
. P y . P VppZ 4.5V
Input High Voltage ViH2 Hysteresis input Vpp x0.75 Vpp Vv
Vi3 Vpp<4.5V Vpp % 0.90
Vi1 Except hysteresis input Vpp x0.30
P y . P VppZ 4.5V
Input Low Voltage Vi Hysteresis input 0 Vpp % 0.25 \
Vi3 Vpp<4.5V Vppx0.10
Vpp=4.5t05.5V 8.0
fc XIN, XOUT 1.0 MHz
Clock Frequency Vpp=2.7t05.5V 4.2
fs XTIN, XTOUT 30.0 34.0 kHz

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

Note 2: Clock frequency  fc: Supply voltage range is specified in NORMAL 1/2 mode and IDLE 1/2 mode.
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D.C. Characteristics (Vss=0V, Topr= —30to70°C)
Parameter Symbol Pins Conditions Min | Typ. | Max [ Unit
Hysteresis Voltage Vys | Hysteresis inputs - 0.9 - Vv
vt | TEST
Input Current Iin2 | Open drain ports, Tri-state ports Vop=3.3V - - +2 PA
———— ViN=5.5V/0V
Iz | RESET, STOP
Input Resistance Rinz | RESET 100 | 220 | 450 | kQ
Output Leakage ILo1 |Sink open drain ports Vpp=5.5V,Voyr=5.5V - - 2
Current Loz | Tri-state ports Vpp=5.5V, Voyr=5.5V/0V - - 2 A
Output High Voltage | Vouy | Tri-state ports Vpp=4.5V,lopy=-0.7mA 41 - - \
Output Low Voltage VoL | Except XOUT and PO Vpp=4.5V,lpL.=1.6 mA - - 0.4 Vv
Output Low current lors PO Vpp=4.5V, Vo =10V - 20 - mA
Supply Currentin Vpp=5.5V
NORMAL 1, 2 modes fc=8MHz ) ° ?
Supply Currentin fs =32.768 kHz _ 3 as mA
IDLE 1, 2 modes Vin=5.3V/0.2V
Supply Currentin Vpp=3.0V _ 5 3
NORMAL 1, 2 modes fc=4.19 MHz
Supply Currentin Iop fs=32.768 kHz _ 1 15 mA
IDLE 1, 2 modes Viy=2.8V/0.2V
, fs=32.768 kHz LA
Supply Currentin
ViN=2.8V/0.2V - 15 30
SLEEP mode
Supply Currentin Vpp=5.5V _ 05 10 A
STOP mode ViN=5.3V/0.2V

Note 1: Typical values show those at Topr =25°C, Vpp=5 V.

Note 2: Input Current Iiyg Iiy3; The current through resistor is not included, when the input resistor (pull-up or pull-down) is

contained.
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A.C. Characteristics - 1 (Vss=0V, Vpp=4.5t05.5V, Topr = - 30 to 70°C)
Parameter Symbol Conditions Min Typ. Max Unit
In NORMAL1, 2 modes
0.5 - 4
) ) InIDLE1, 2 modes
Machine Cycle Time tey ©s
In SLOW mode
117.6 - 1333
In SLEEP mode
High Level Clock Pulse Width twcH | For external clock operation
- . 50 - - ns
Low Level Clock Pulse Width twa, | XINinput), fc=8MHz
High Level Clock Pulse Width twsH | For external clock operation 14.7 .
Low Level Clock Pulse Width tws, | XTINinput), fs=32.768 kHz ' “
A.C. Characteristics - 2 (Vss=0V, Vpp=2.7t0 5.5V, Topr = - 30to 70°C)
Parameter Symbol Conditions Min Typ. Max Unit
In NORMALT1, 2 mode
0.95 - 10
) ) InIDLE1, 2 mode
Machine Cycle Time tey ©s
In SLOW mode
117.6 - 1333
In SLEEP mode
High Level Clock Pulse Width twcH | For external clock operation
. 110 - - ns
Low Level Clock Pulse Width twe | XINinput), fe=4.2MHz
High Level Clock Pulse Width twsH | For external clock operation 147 _ _ .
Low Level Clock Pulse Width tws, | XTINinput), fs=32.768 kHz ' “
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Recommended Oscillating Conditions - 1

(Vss=0V, Topr= - 30t0 70°C)

Recommended Condition
Parameter Oscillator Frequency Recommended Oscillator
G G
MURATA CSA8.00MTZ
8 MHz CSACS8.00MT 30 pF 30 pF
Ceramic Resonator CSTCS8.00MT
High-frequency 4.1 MHz MURATA CSA4.19MGU built-in built-in
CST4.19MGWU 30 pF 30 pF
Crystal Oscillator 8 MHz NDK AT-51 16 pF 16 pF
Low-frequency Crystal Oscillator 32.768 kHz NDK MX-38T 12 pF 12 pF

Recommended Oscillating Conditions-2

(Vss=0V, Vpp=2.7t0 5.5V, Topr= - 30 to 70°C)

=
&

(1) High-frequency Oscillation

L
.

. Recommended Constant
Parameter Oscillator Oscillator Recommended Oscillator
Frequency C c
1 2

MURATA CSA4.19 MGU 30 pF 30 pF
High-frequency Ceramic Resonator 4.19 MHz built-in built-in

MURATA CST4.19MGWU

30 pF 30 pF
Low-frequency Crystal Oscillator 32.768 kHz NDK MX-38T 15 pF 15 pF
XOUT XTIN XTOUT

(2) Low-frequency Oscillation

Note: An electrical shield by metal shield plate on the surface of the IC package should be recommendable in order to

prevent the device from the high electric fiedstress applied from CRT (Cathode Ray Tube) for continuous reliable
operation.
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