TOSHIBA TMP88CP76/576

CMOS 8-Bit Microcontroller

TMP88CP76F, TMP88CS76F

The TMP88CP76 and TMP88CS76 are the high speed and high performance 8-bit single chip microcomputers.

These MCU contain VFT (Vacuum Fluorescent Tube) driver, serial interface, 8-bit AD converter and multi
function timer/counter on a chip.

Part No. ROM RAM Package OTP version
TMP88CP76F 48K x 8bit + 256 x 8bit 1K x 8-bit
XN T X X2 P-QFP80-1420-0.80B TMP88PS76F
TMP88CS76F 64K x 8bit + 256 x 8bit 2K x 8-bit

Features

@ 8-bit single-chip microcomputer TLCS-870/X series microcomputer | p.qrpso-1420-0.808
@ interrupt sources: 16 (3 external, 13 internal)
@ /0 ports: 68 pins
@ Three 16-bit Timer/Counters
® TC1: Timer
® TC2: Timer, Event counter, Window modes
® ETC1: Timer, Event counter, Window mode
Minimum resolution: 500 us at 8 MHz
Two capture inputs (edge-selectable)
One compare outputs
(High/Low/Toggle/Steady output modes)
@ 8-bit Timer/Counter

® TC4: Timer, Event counter, PWM output, TMP88CP76
o TIMP88CS76
Programmable divider output modes TMP88PS76

@ Time Base Timer (Interrupt frequency: 1 Hz to 16384 Hz)

@ Divider output function (frequency: 1 kHz to 8 kHz)
@ Watchdog Timer
® Interrupt source/reset output (programmable)
@ 8-bit Serial Interfaces
® With 8bytes transmits/receive data buffer
® Internal/external serial clock, and 4/8-bit mode
@ Serial bus Interface
® [2C bus, 8-Bit SIO Modes

980910EBP1

@ 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

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. m =
@ The information contained herein is presented only as a guide for the applications of our products. No respdhﬁ\‘ ty
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 sptellectual
property or other rights of TOSHIBA CORPORATION or others. /\\(//J
™ N\

operating ranges as set forth in the most recent products specifications. Also, please keep in mind the precautioﬁ&
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TOSHIBA TMP88CP76/576

@ 8-bit successive approximate type AD converter with sample and hold
® 12 analog inputs
® Conversion time: 23 s at 8 MHz
@ Vacuum Fluorescent Tube Driver (automatic display)
® Programmable grid scan
® High breakdown voltage ports (max.40 V x 40 bits)
& Dual clock operation
® Single/Dual-clock mode
@ 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
interruput.
® SLEEP mode: CPU stops, and Peripherals operate using low-frequency clock. Release by interrupts.
@ Wide operating voltage: 4.5t0 5.5V at 12.5 MHz/32.768 kHz, 2.7 to 5.5 V at 32.768 kHz
& Emulation Pod: BM87CP77F0A
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TOSHIBA

Pin Assignments (Top View)

(L4A L0$vﬂﬁ>lH
(LA 9Ld =w—TT]
(SLA) LLd - TT]
(9LA) 08d aw[—TT]
(LIN) 18d s [—TT]
(8LA) 78d ww[TT]
(6LA) €8d ~-e[TT]
(0ZA) ¥8d -w—TT]
(LZA) S8d ==[TT]
(TZA) 98d =e—TT]
(€ZN) L8d =w[—TT]
(FZA) 06d =w="TT]
(SZA) L 6d ~e—TT]
(9ZA) 76d =w—TT]
(LZN) €6d =="TT]
(8ZA) 76d -—w[—TT]
(6ZA) S6d ~ae—TT]
(0EN) 96d ==TT]
(LEN) L6d -w[—TT]
(ZEN) 0Qd <w[—TT]
(EEN) 1Ad ==—TT]
(FEN) 2Ad -=—TT]
(SEAN) £4d =e—TT]
(9EN) 7Ad =e—TT]

P-QFP80-1420-0.80B

4TI~ P75 (V13)

39T J=— P74 (V12)

3gT—J=—= P73 (V11)

37T« P72 (V10)

36T —Jes P71 (V9)

35T —J=—= P70 (V8)
3/ TT T P67 (V7)

331 P66 (V6)
32T 1= P65 (V5)

31[I—1<* P64 (V4)
30 T—J=— P63 (V3)

29 LT —J=— P62 (V2)

28 TT 1= P61 (V1)

27HT—1=— P60 (V0)

26 LI—1=— VDD (for I/0)

25 T—J<— VAREF

O

- ANM SO N0

PD5 (V37) <—[TT]65
PD6 (V38) =—[TT]66
PD7 (V39) =—[TT]67

VKK —=[TT]68

VDD (for CPU) —=[TT]69

XIN —=[—TT70

VsS (for CPU) —=CTT]71

XOUT ~—[TT1]72

RESET =—[TT]73

(XTIN) P21 =—[TT]74
(XTOUT) P22 =~—=[TT]75

TEST —=[T1T]76

(STOP, INT5) P20 <—[TT]77

(SDA, SO3) P00 -—[TT]78

(SCL, SI3) P01 =—[TT179

(ETC1,1C1,SCK3) P02 =—=[TT]80

- —
- —
. — g
- —
. —
- — g
- —
[T =
- — g
- ——
[TT -
- — g
—
——
- — g
—
- —
. —

- —
. —
[TT ]
- —
. —

SSVA

©/1 104) SSA
€Sd (ELNIV)
2Sd (ZINIW)
LSd (LINIW)
0Sd (OLNIW)
L¥d (LONIV)

9 d (9ONIV)
Strd (SONIV)
vvd (FONIV)
€vd (EONIW)
Zvd (ZONIV)
Lrd (LONIV)
0%d (OON V)
Lld

9ld (0dd WMd)
Sid (FoL1)

vld QA

€ld

Zld (221 10%)
Lld (QLNI" LIS
0Ld (1A29)

70d (LLNI" 020)
€0d (0O 1)
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TOSHIBA TMP88CP76/576

Block Diagram

1/0 ports
A
P67 P77 P87 P97 PD7
to to to to to
P60 P70 P80 P90 PDO
P P P > P
Power VDD
w T
VDD Power T - - - - -
Supply VKK 1 VFT driver circuit (automatic display) |
| Address / Data Bus
TLCS-870/X Data Memory Program Memory
Reset /O /RESET CPU (RAM) (ROM)
System Control Circuit
Test pin TEST = +
Standby Control Circuit <—| Interrupt Controller |
>| Timing Generator > Time Base 16-bit Expansion Serial Bus 8-bit
Resonator XIN High Timer Timer/Counter | [Timer/Counter1 Interface Timer/Counter
gﬁ]:necting{xom frequency | clock a | e ETCH sior 13|l 11 | 1e
> Low Generator Watchdog 7 r 7 1T
[— frequency Timer
-~ = - <~ <5
Address/ Data Bus
P2 P5 PO P1
= 8-bit = = L L =
AD J P,
R Converter |[ ] \
-~
N
~~ I ~~ ~~ ~~ >
P22 VAREF P47(AIN7) P53(AIN13) P04 P17
to VASS to to to to
P20 kP40(AINO) P50(AIN10) POO P10 )
1/0 port: Analog A
ports .
reference (Analog input) 1/0 ports
Pins
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Pin Function

mode is configured.

Pin Name I/10 Function
5-bit input/ output port with latch. Expansion Timer/Counter compare output 0
Pos(OcONT VOWO)  .|When used as input port, muiti function | or External interruptinput 1 "~ """
posgco) U0 input) | e Toterface. the Intch most be set | EXxpansion Timer/Counter capture input0
to "1". Expansion Timer/Counter capture input 1 or
P02 (IC1,ETC1,SCK3) 1/0 (1/0) Expansion Timer/Counter 1 input or SIO 3
.............................................. serial clockinput/output ..
5 . ;
PO1(SCL,SI3) /0 (/0) Isecri;OIl::lsa::?:guscIOCK input/output or SIO3
.............................................................. S
POO(SDA,SO3) /0 (1/0) Lesia?léz::glﬂpﬂ?ta input/output or SIO3
P17 110 (S-bit pro)grammable input/output ports
............................................................ tris-tate
8-bit PWM output or 8-bit programmable
P16 (PWM PDO I/0 (output Each bit of this port can be individually | %%
....... (UFD0) | |Iotoweun | Eoth e i or b il | i out
; under software control.
P15(TC4) ....................... Ilo(lnPUt) ....... When used as serial interface, external
P14 (DVO) 1/0 (output) interrupt input, timer/ counter input, the
P | S input mode is configured.
............................................................ When used as divider output, timer/
counter output, serial data output, the | SIO1 serial data output or Timer/Counter 2
P12 (SO1, TC2) 1/0 (1/0) latch must be set to “1” and the output |i

SIO1 serial data input or External interrupt

P10 (SCK1) I/0 (1/0) SIO1 serial clock input/output
P22 (XTOUT) 1/0 (1/0) 3-bit input/output port with latch. When | Resonator connectiong pins (32.768kHz).
............................................................ ysed as input port, externgl inte."upt Forinputting externalclock, XTIN iS used
P21 (XTIN) I/0 (input) input, STOP mode release signal input, [ and XOUT is opened.
o thelnputmode ISCOangured. Et ....... It ......... tts ....... STOP ....... d
TTE STAD . xternal interrupt input 5 or mode
P20 (INT5, STOP) 1/0 (input) release signal input
8-bit programmable input/output ports
o ;tite) f thi be individuall
. Each bit of this port can be individually .
P47F(>}2E)N(OA7I%\|JEO%) I/0 (input) configured as an input or an output | AD converter analog inputs
under software control.
When used as analog input, the input
mode is configured.
4-bit programmable input/output ports
(tri-state). :
Each bit of this port can be individually )
P53|(>'§|0N(L?i)’\ﬁ°0) I/0 (input) configured as an input or an output | AD converter analog inputs
under software control.
When used as analog input, the input
mode is configured.
P67 (V7) to P60 (VO) 1/0 (output) Six 8-bit EI k|>reakdown voltage output
............................................................ ports with the latch
P77(V15)toP70(v8) |0 (output) |\when used as a VFT driver output, the
P87(V23)to P8O (V16) | /O (output) | latch mustbe cleared to “0. VET driver output
P97(V31)to P90 (V24) | /O (output)
PD7 (V39) to PDO (V31) | I/O (output)
Resonator connecting pins for high-frequency clock.
O ] InPUt, OWPUY | Forinputting external clock, XINis used and XOUT isopened.
RESET e Reset signal input or watchdog timer output/address-trap-reset output /sistem-clock-
............................................................. Uk icbidl ke NS
TEST Input Test pin for out-going test.Be tied to low.
VDD,Vss B OGN e
VKK fomer | VFTdriverpowersupply
VAREF,VASS Analog reference voltae inputs (High, Low)
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TOSHIBA TMP88CP76/576

Operational Description
1.  CPU Core Functions

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

1.1  Memory Address Map
TLCS-870/X Series, the memory is organized 4 address spaces (ROM, RAM, SFR, and DBR). Figure 1-1
shows the memory address maps of the TMP88CP76/576. It uses a memory mapped 1/O system, and all /0
registers are mapped in the SFR/DBR address spaces. There are 16 banks of general-purpose registers.

SFR [ 00000y 00000y
: 64 byte : 64 byte .
0003F vt 0003F vt Note:
00040 00040 Reai bank ROM; Read Only Memory includes:
128 byte 128 byte ] 8eg|5t.er an 156 bank Program memory
T - (8 registers x 16 banks) Vector table
OOQCO 000co RAM;  Random Access Memory includes:
: : 896
RAM : 1920 Data memory
: byte Stack
byte : General-purpose register banks
0043F | J SFR;  Special Function Register includes:
: : /O ports
0083F : : : Peripheral control registers
= : Peripheral status registers
00 i:OO 00 i:OO System control reg:st.ers
: : interrupt control registers
DBR 256 byt e 256 byt e Program Status Word
DBR;  Data Buffer Register includes:
: : SIO data buffer
OOFFF OOFFF VFT display data buffer
H ~— ~ . ~ ~
: -~ ~~ : ~ ~ Extended timer registers
04000 04000
: 64 : 48
~ Kbyte == Kbyte
OFFFF d

13FFF P
ROM : Ry : :
FFF00 FFFO0
: 64 byte : 64 byte Entry area for page call instructions
FFF3F |, FFE3F |
FFF40 FFE40
: 64 byte : 64 byte ] Vector table for vector call instructions (16 vectors)
FFF7F | FFF7F |
FFF80 FFF80
128 byte 128 byte Vector table for interrupts/reset (21 vectors)
FFFFF FFFFF
TMP88CS76 TMP88CP76

Figure 1-1. Memory Address Maps

1.2 Program Memory (ROM)
The TMP88CP76 has a 48 Kbytes (addresses 04000 to OFFFF) and 256 bytes (addresses FFFO0H to FFFFF),
the TMP88CS76 has a 64 Kbytes (address 040004 to 13FFFH) and 256 bytes (addresses FFFOO to FFFFFy) of
program memory (mask programmed ROM). Figure1-1shown in Memory address maps.
Addresses FFFO0H to FFFFFy in the program memory can also be used for special purposes.
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TMP88CP76/S76

1.3 Data Memory (RAM)

The TMP88CP76 has 1 Kbytes (address 000404 to 0043Fy), the TMP88CS76 has 2 Kbytes (address 00040y
to 0083Fy) of data memory (static RAM). The first 128 bytes (000404 to 000BFy) of the internal RAM are
also used as general-purpose register banks.
The data memory contents become unstable when the power supply is turned on,; therefore, the data
memory should be initialized by an initialization routine.

Example1: Clears RAM to “004" except the bank 0 (TMP88CP76).

LD
LD
LD
LD
DEC
JRS

SRAMCLR:

HL, 00048H ; Setsstart address to HL register pair

A, H ; Setsinitial data (00y) to A register

BC, 03F7H ; Sets number of byte to BC register pair
(HL+), A

BC

F, SRAMCLR

Example2: Clears RAM to “004" except the bank 0 (TMP88CS76).

LD
LD
LD
LD
DEC
JRS

SRAMCLR:

HL, 0048H ; Setsstart address to HL register pair

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

BC, 07F7H ; Sets number of byte to BC register pair
(HL+), A

BC

F, SRAMCLR

current bank addresses.

Note: The general-purpose registers are mapped in the RAM; therefore, do not clear RAM at the

1.4 System Clock Controller

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

Clock
generator

Timing generator control register

TBTCR

High-frequency

clock oscillator

Low-frequency

clock oscillator

........ 000364
fc
Timing Stand-by controller
generator
Efs \M
: System clocks
00038y 00039y
[_svscr1 | | _syscrz |

I I I L

Clock generator control System control registers

Figure 1-2. System Clock Controller
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TOSHIBA TMP88CP76/576

1.4.

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 easily be 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 XIN / XTIN pin with XOUT / XTOUT pin not connected. The
TMP88CP76/S76 are not provided an RC oscillation.

:r """"""" High-frequency clock === =777777777~ 'i i‘ “““““““ Low-frequency clock ~~~77 77777777~ 'i
1 1 1 1
I XIN XOUT XIN Xout | 1 XTIN XTOUT XTIN XTOUT i
1 ] 1 1
| I 1
| (open) | i (open) |
1 1 1 1
: [] L ] :
i i i i
i i i i
1 1 1 1
A A e
1 1 1 1
i (a) Crystal/Ceramic (b) External oscillator | i (c) Crystal (d) External oscillator i
| resonator i i !

Figure 1-3. 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 pulse to the
port with disabling all interrupts and watchdog timers, and monitoring this pulse. With a system
requiring adjustment of the oscillation frequency, the adjusting program must be created
beforehand.

1.4.

3 Timing generator
The timing generator generates the various system clocks supplied to the CPU core and peripheral
hardware from the basic clock (fc or fs). The timing generator provides the following functions.

D Generation of main system clock (fm)

@ Generation of divider output (DVO) pulses

@ Generation of source clocks for time base timer

@ Generation of source clocks for watchdog timer

® Generation of internal source clocks for timer / counters

® Generation of internal clocks for serial interfaces SIO and HSO
@ Generation of source clocks for VFT driver circuit

Generation of warm-up clocks for releasing STOP mode

@ Generation of a clock for releasing reset output

(1) Configuration of timing generator
The timing generator consists of a 3-stage prescaler, a 21-stage divider, a main system clock generator,
and machine cycle counters.
The clock fc/4 or fc/8, that is output from the 2nd stage or the 3rd stage of the prescaler, can be
selected as the clock to input to the 1st stage of the divider by DV1CK (bit 5 in CGCR).

3-76-8 1999-12-14




TOSHIBA TMP88CP76/576

The DV1CK should be set the peripheral circuit prior to starting the peripheral circuits. Do not
change the set value after setting.

An input clock to the 7th stage of the divider depends on the operating mode, DV1CK (bit 5 in
CGCR), and DV7CK  (bit 4 in TBTCR), that is shown in table 1-1. Asreset and STOP mode started/
canceled, The prescaler and the divider are cleared to “0”.

Table1-1. Input Clock to 7th Stage of The Divider

Single-clock mode Dual-clock mode
NORMAL1, IDLE1 mode NORMAL2, IDLE2 mode (SYSCK = 0) SLOW, SLEEP
DV7CK =0 DV7CK = 1 m°de(SYSCK .
DV1CK=0 DVICK =1 DVICK=0 DVICK=1 -
fc/28 fc/2° fc/28 fc/2° fs fs

Note 1: Do notset DV7CK to “1“in the single clock mode.
Note 2: In SLOW and SLEEP mode, the input clock to the 1st stage of the divideris
stopped; output from the 1st to 6th stages is also stopped.

fm
| main system clock generator machine cycle counters
SYSCK )
DV7CK
DVICK [>o
prescaler S divider S divider
A >|A
High-frequency fe 012 Y[>1[2]|3[4]5]6 Y > 7|8]9]|10[11|12[13]|14[15]|16[17|18[19]|20(21
B B
clock 7
fc Selector Selector
Low-frequency divider s | Selector
clock > B0
— 0|1 B1
A0 YO
A1 v1|>|Stand-by
- controller
———
R S
-~
Timer/ P> |Watchdog
counters timer
[
Time Base
Timer
Serial
interface
Vacuum L
fluorescent Divider
tube driver output
circuit

Note: fm=fcorfs

Figure 1-4. Configuration of Timing Generator
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TOSHIBA TMP88CP76/576

7 6 5 4 3 2 1 0
DVCR  iriiepee e g2 s I S T L e - .
(00030y) v e O Lovie] i i et (Initial value: xx0x xaxx)
DV1CK Selection of input clock to the 0: fa/a RIW
1st stage of the divider 1: fd/8
Note 1: fc; High-frequency clock [Hz], *; Don't care
Note 2: Bit 4 to 0in CGCR is always read in as "1" when a read instruction is executed.
Figure 1-5. Clock Gear Control Register
6 5 4 3 2 1 0
(JOBO-I-;E:;) |(DVOEN)| (DVOCK) | DV7CK |(TBTEN)| (TBTCK) . | (Initial value: 0**0Q Q*xx)
Selection of input clock to the 0: fc/28 or f¢/2° [Hz]
DV7CK 7 th stage of thpe divider 1:fs RIW

Note 1: fc; High-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 1-6. Timing Generator Control Register

(2) Machine cycle
Instruction execution and peripheral hardware operation are synchronized with the main system clock.
The minimum instruction execution unit is called an “machine cycle”. There are a total of 15 different
types of instructions for the TLCS-870/X Series: ranging from 1-cycle instructions which require one
machine cycle for execution to 15-cycle instructions which require 15 machine cycles for execution.
A machine cycle consists of 4 states (S0 to $3), and each state consists of one main system clock.

1{fc or 1/fs [s],
[

N s Y s e N e
|

(fm)

1
1 1
Main system clock —| I | |
i
1
|

S1 52 s3 so | st | s2 | s3 |

1
1
State I S0
1
1

1
r«————Machine cycle———>

( 0.5 5@ fc=8MHz )
122 s @fc=32.8KMz

Figure 1-7. Machine Cycle
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1.4.4 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 (SYSCR1and SYSCR2).
Figure 1-8 shows the operating mode transition diagram and Figure 1-9 shows the system control
registers.

(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/f¢ [s] (0.5 us @
fc =8 MHz).

@® NORMAL1 mode
In this mode, both the CPU core and on-chip peripherals operate using the high-frequency clock.
The TMP88CP76/576 is placed in this mode after reset.

@ IDLE1 mode

In this mode, the internal oscillation circuit remains active. 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 the system control register 2 (SYSCR2), and IDLE1 mode is released to
NORMAL1 mode by an interrupt request from the on-chip peripherals or external interrupt
inputs. When the IMF (interrupt master enable flag) is “1” (interrupt enable), the execution will
resume with the acceptance of the interrupt, and the operation will return to normal after the
interrupt service is completed. When the IMF is “0” (interrupt disable), the execution will
resume with the instruction which follows the IDLE1 mode start instruction.

@ STOP1 mode

In this mode, the internal oscillation circuit is turned off, causing all system operations to be
halted. The internal status immediately prior to the halt is held with a lowest power
consumption during STOP1 mode.

STOP1 mode is started by the system control register 1 (SYSCR1), and STOP1 mode is released by
an inputting (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 instruction
which follows the STOP1 mode start instruction.

(2) Dual-clock mode

Both the high-frequency and low-frequency oscillation circuits are used in this mode. P21 (XTIN) and
P22 (XTOUT) pins 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] in the NORMAL2 and IDLE2 modes, and 4/fs
[s] (122 s at fs =32.768 kHz) in the SLOW and SLEEP modes.

The TLCS-870/X is placed in the signal-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.
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@ 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 are performed by the system
control register 2 (SYSCR2).

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

@ SLEEP mode
In this mode, the internal oscillation circuit of the low-frequency clock remains active. The CPU,
the watchdog timer, and the internal oscillation circuit of the high-frequency clock are halted;
however, on-chip peripherals remain active (operate using the low-frequency clock). Starting
and releasing of SLEEP mode are 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.
As in NORMAL2 mode at the start, the operating mode returns to NORMAL2 mode, and as in
SLOW mode at the start, it returns to SLOW mode after release.
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IDLE1
mode

(a) Single-clock mode

IDLE2
mode

SLEEP
mode

RESET1

reset release

instruction instruction
NORMAL1
- mode
interrupt Release input
instruction

instruction
NORMAL2
mode
interrupt
inst
| Release
ruct] input
on P Lemn U
instruction ’»/ ,,’(
SLOW -7
mode Prae instruction
interrupt

(b) Dual-clock mode

STOP1
mode

STOP2
mode

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

IDLE.
. Frequency On-chip Machine cycle
Operating mode [— CPU core ) )
High-frequency | Low-frequency Peripherals time
« | RESET1 reset reset
8 NORMAL1 turning on t 4/fc [s]
O _— : operate cls
‘c-b’ oscillation turning off operate
;\ IDLE1 oscillation
c - halt
- turning off
1% J—
STOPI oscillation halt
NORMALZ | t,rning on High-frequency operate a/fc [s]
¥ illati : i
S |IDLE2 oscllation turning on halt (High and/or Low)
g oscillation
(_g SLOW Low-frequency
8 [sieep turning off Low-frequency 4/fs [s]
oscillation = halt
turning o a —
STOP2 oscillation halt

Figure 1-8. Operating Mode Transition Diagram
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System Control Register 1
SYSCR1 & o " .
(00038,)) | STOP | RELM I RETM | 1 | wut (Initial value: 0001 00%**)
0: CPU core and peripherals remain active
STOP STOP mode start 1: CPU core and peripherals are halted
(start STOP mode)
RELM Release method 0: Edge-sensitive release
for STOP mode 1: Level-sensitive release
Operating mode 0: Return to NORMAL mode
RETM R/W
after STOP mode 1: Return to SLOW mode
Return to NORMAL mode Return to
Warming-up time at DV1CK=0 DV1ICK =1 SLOW mode
wuyT  |releasing STOP mode 00 3x2'/4c 3x2"7/4c 3x2"/fs
01 2"/ fc 2'7/fc 23 /fs
10 3x2"/fc 3x2"/1fc
11 2/ fc 25/ fc¢

SYSCR2
(00039;,)

Note 1: Always set RETM to “0” when transiting from NORMAL mode to STOP mode. Always set RETM to “1”
when transiting from SLOW mode to STOP mode.

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

Note 3: fc ; High-frequency clock
fs ; Low-frequency clock
*; Don’t care

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

Note 5: Always set bit 4 in SYSCR1 to “1” when STOP mode is started.

[Hz]
[Hz]

System Control Register 2

6 5 4 320
| xen | xten | svsce] ioie |

(Initial value: 1000 *xxx)

XEN High-frequency oscillator | 0: Turn off oscillation
control 1: Turnon oscillation
XTEN Low-frequency oscillator | 0: Turn off oscillation
control 1: Turnon oscillation
Mai t lock lect RIW
ain system clock selec .
0: High-frequency clock
SYSCK (write)/main system clock . 9 a y
. 1: Low-frequency clock
monitor (read)
0: CPU and watchdog timer remain active
IDLE IDLE mode start .
1: CPU and watchdog timer are stopped (start IDLE1 mode)

Note 1: XEN and SYSCK are automatically overwritten in accordance with the contents of RETM (bit 5 in SYSCR1)
when STOP mode is released.

RETM | operating mode after STOP mode XEN SYSCK
0 NORMAL 1/2 mode 1 0
1 SLOW mode 0 1

Note 2: Do not clear XEN to “0” when SYSCK =0, and do not clear XTEN to “0” when SYSCK =1.
Note 3: A reset is applied (RESET pin output goes low) if both XEN and XTEN are cleared to "0”.
Note 4: * ; Don't care

Note 5: Bits 3 to 0in SYSCR2 are always read in as “1” when a read instruction is executed.

Figure 1-9. System Control Registers
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1.4.4 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, the program status word and port output latches are all held in the
status in effect before STOP mode was entered.

@ The prescaler and the divider of the timing generator are cleared to “0".

@ The program counter holds the address of the instruction but one to the instruction (e. g. [SET
(SYSCR1).7]) which started STOP mode.

STOP mode includes a level-sensitive release mode and an edge-sensitive release mode, either of
which can be selected with the 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 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 two methods can be used for confirmation.

@ Testing a port P20.
@ Using an external interrupt input INT5 (INT5 is a falling edge-sensitive input).

Example 1: Starting STOP mode from NORMAL mode by testing a port P20.
LD (SYSCR1), 01010000B ; Setsup the level-sensitive mode

SSTOPH: TEST (P2).0 ; Wait until the STOP pin input goes low level
JRS F, SSTOPH
SET (SYSCR1).7 ;  Starts STOP mode

Example 2: Starting STOP mode from NORMAL mode with an INT5 interrupt.

PINT5: TEST (P2).0 ;  Toreject noise, STOP mode does not start if
JRS F, SINT5 port P20 is at high
LD (SYSCR1),01010000B ; Setsup the level-sensitive mode.
SET (SYSCR1).7 ; Starts STOP mode

SINT5: RETI
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1
STOP pin \ %VlH

[}
xourein ([ U RAARRRAR R

NORMAL i STOP i NORMAL

operation R operation '; Warm-up B operation
Confirm by program that the

STOP mode is released by the hardware.

STOP pin input is low and
start STOP mode. Allw‘:ays relleas_ed if the STOP
pininput is high.

Ny
EYENERVEN

Figure 1-10. Level-sensitive Release Mode

Note 1: Even if the STOP pin input is low after warming up start, the STOP mode is not restarted.
Note 2: In this case of 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.

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
level.

Example: Starting STOP mode from NORMAL mode
LD (SYSCR1), 10010000B ; Starts after specified to the edge-sensitive release
mode

S~
~

o

ai

i
STOP pin i \_(
| (¢
27
XOUT pin | |

I

-

NORMAL STOP i ! STOP
operation operation < Warm-up > NORMAL operation ~
/ operation /
STOP mode started
by the program.

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

Figure 1-11. Edge-sensitive Release Mode
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STOP mode is released by the following sequence.

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

@ A warming-up period is inserted to allow oscillation time to stabilize. During warm-up, all internal
operations remain halted. Four different warming-up times can be selected with the WUT (bits 2
and 3 in SYSCR1) in accordance with 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 prescaler and
the divider of the timing generator are cleared to “0”.

Table 1-2. Warming-up Time Example (at fc=8 MHz, fs =32.768 kHz)

Warming-up Time [ms]
WuUT Return to NORMAL mode Return to SLOW mode
DV1CK=0 DV1CK=0
00 24.576 49.152 750
01 8.192 16.384 250
10 6.144 12.288 —
11 2.048 4.096 —

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 inputting low level on the RESET pin, which immediately
performs the normal reset operation.

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 “H” level, 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 pace 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).
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(2) IDLE mode (IDLE1, IDLE2, SLEEP)
IDLE mode is controlled by the system control register 2 (SYSCR2) and maskable interrupts. The

following status is maintained during IDLE mode.

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

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

@ The program counter holds the address of the instruction but one to the instruction which starts

IDLE mode.

Example: Starting IDLE mode.
SET (SYSCR2).4 ; IDLE «1

Starting IDLE mode
by instruction

CPU, WDT are halted

>
Reset input
No
Interrupt request

Normal ) Yes
release mode

No

Reset

Yes (Interrupt release mode)

Interrupt processing

——]

Execution of the
instruction which follows
the IDLE mode start
instruction

J7

Figure 1-13. IDLE Mode

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

NORMAL2, and from SLEEP to SLOW mode.

a. Normal release mode (IMF = “0")
IDLE mode is released by any interrupt source enabled by the individual interrupt enable flag
(EF) or an external interrupt 0 (INTO pin) request. Execution resumes with the instruction
following the IDLE mode start instruction (e.g. [SET (SYSCR2), 4]. The interrupt latches (IL) of the
interrupt source used for releasing must be cleared to “0” by load instructions.
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b. Interruptrelease 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 starts IDLE mode.

IDLE mode can also be released by inputting low level on the RESET pin, which immediately performs
the reset operation. After reset, the TMIP88CP76/576 is placed in NORMAL 1 mode.

Note: When a watchdog timer interrupt is generated immediately before 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.

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.

When the low-frequency clock oscillation is unstable, wait until oscillation stabilizes before
performing the above operations. The timer/counter 2 (TC2) can conveniently be used to
confirm that low-frequency clock oscillation has stabilized.

Example1: Switching from NORMAL2 mode to SLOW mode.
SET (SYSCR2) .5 ; SYSCK 1
(switches the main system clock to the low-
frequency clock)
CLR (SYSCR2) .7 ; XEN«O
(turns off high-frequency oscillation)

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

SET (EIRH). EF8 ; Enables INTTC2

LD (TC2CR), 34H ; Starts TC2
PINTTC2: LD (TC2CR), 10H ; StopsTC2

SET (SYSCR2) .5 ; SYSCK «1

(switches the main system clock to the low-
frequency clock)

CLR (SYSCR2) .7 ; XEN<0O
(turns off high-frequency oscillation)

RETI

VINTTC2: DL PINTTC2 ; INTTC2 vector table
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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.

SYSCK

NORMALT mode.

High-frequency clock
Low-frequency clcok
Main system clock

Note 1: After SYSCK is cleared to "0", executing the instructions is continued by the low-frequency
clock for the period synchronized with low-frequency and high-frequency clocks.

Juuurrnurirnrurur

- 1

Note 2: SLOW mode can also be released by inputting low level on the RESET pin, which
immediately performs the reset operation. After reset, the TMP88CP76/576 are placed in

Example: Switching from SLOW mode to NORMAL2 mode (fc =8 MHz, warming-up time is 7.94

ms).
SET (SYSCR2) .7 ; XEN<«1 (turns on high-frequency oscillation)
LD (TC2CR), 10H ; Sets TC2 mode
(timer mode, source clock: fc)
LD (TREG2 + 1), OF8H; Setsthe warming-up time
(according to frequency and Xtal
characteristics)
SET (EIRH). EF8 ; Enables INTTC2
LD (TC2CR), 30H ; Starts TC2
PINTTC2: LD (TC2CR), 10H ; StopsTC2
CLR (SYSCR2) .5 ; SYSCKe0
(switches the main system clock to the high-
frequency clock)
RETI
VINTTC2: DL PINTTC2 ; INTTC2 vector table
3-76-23 1999-12-14
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1.5

Interrupt Controller
The TMP88CP76/S76 each have a total of 16 interrupt sources: 3 externals and 13 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 isindependent.
The interrupt latch is set to 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 1-16 shows the interrupt controller.

111 n

Table 1-3. Interrupt Sources

Interrupt Source Enable Condition In’i%rtr:hpt Xfé}é’;s Priority
ll;”;}teer%ﬂl/ (Reset) Non-Maskable — FFFFCy High 0
Internal | INTSW  (Software interrupt) Pseudo — FFFF8y 1
Internal | INTWDT (Watchdog Timer interrupt) non-maskable IL FFFF4y 2
External |[INTO (External interrupt 0) IMF=1, INTOEN=1 IL3 FFFFOy 3
Internal [ INTTC1  (16-bit TC1 interrupt) IMF - EFg =1 ILg FFFECH 4
External |INT1 (External interrupt 1) IMF - EF5 =1 ILg FFFE8y 5
Internal [ INTTBT (Time Base Timer interrupt) IMF - EFg=1 ILg FFFE4y 6
Internal [INTTC2  (16-bit TC2 interrupt) IMF - EFg=1 ILg FFFDCy 7
Internal | INTSBI (Serial Bus Interface interrupt) IMF - EFg=1 ILg FFFD8y 8
Internal [ INTTC4  (8-bit TC4 interrupt) IMF - EF19=1 IL1o FFFD4y 9
Internal [INTET1  (16-bit ETC1 interrupt) IMF - EF15=1 1Ly, FFFCCh 10
Internal [ INTSIO1 (Serial interface1 interrupt) IMF - EF14=1 IL1g FFFC4y 1
External |[INT5 (External interrupt 5) IMF - EF15=1 ILys FFFCOy 12
Internal [INTICO  (Input captureQ interrupt) IMF - EF16=1 IL1g FFFBC 13
Internal [ INTIC1 (Input capture1 interrupt) IMF - EF17=1 ILy7 FFFB8 14
Internal | INTOCO (Output compare0 interrupt) IMF - EF1g=1 IL1g FFFB4 15
Internal [ INTOC1 (Output compare1 interrupt) IMF - EF19=1 IL1g FFFBO Low 16
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(1) InterruptLatches (IL 195 2)
Interrupt latches are provided for each source, except for a software interrupt. The latch is set to “1”
when an interrupt request is generated, and requests the CPU to accept the interrupt. The latch is
cleared to “0” just after the interrupt is accepted. All interrupt latches are initialized to “0" during
reset.
Interrupt latches are assigned to addresses 0003Cy and 0003Dy in the SFR. Each latch can be cleared to
“0" individually by an instruction; however, the read-modify-write instruction such as bit manipulation
or operation instructions cannot be used. Thus, interrupt requests can be canceled and initialized by
the program. Note that interrupt latches cannot be set to “1” by any instruction.
The contents of interrupt latches can be read out by an instruction. Therefore, testing interrupt
requests by software is possible.

Example 1: Clears interrupt latches
LDW (IL), 1110100000111111B ; ILq2, IL1ptolLe <0

Example 2: Reads interrupt latches
LD WA, (ILD) ;o Welly, A<l

Example 3: Tests an interrupt latch
TEST (IL).7 ;  iflL7=1then jump
JR F, SSET
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(2)

Interrupt Enable Register (EIR)

The interrupt enable register (EIR) enables and disables 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 the individual interrupt enable flags (EF).
This register is assigned to addresses 0003A and 0003By 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)

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

Example 2: Setsan individual interrupt enable flag to

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 the IMF remains “0” when cleared by the interrupt service program.
The IMF is assigned to bit 0 at address 0003Ay in the SFR, and can be read and written by an
instruction. The IMF is normally set and cleared by the [EI] and [DI] instructions, and the IMF is
initialized to “0” during reset.

Individual interrupt Enable Flags (EF19 to EFy)

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.

ll1 ".

LDW (EIRL), 1110100010100001B ;  EF1sto EF13, EFqq, EF7, EFs5, IMF « 1

ll1 ".

SET (EIRR).4 i EFp2e1
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23 22 21 20 19 18 17 16

5 [ IL1g i ILig © ILay § ILgg |

ILg (0002E,)

15 14 13 12 1110 9 8 7. 6 5 4 3 2 0.

(0003c,"6003.DH) [ligs i g | Lt ] [Ilao il i llg | [l il i Mg Pty E 0 | &
ILy (0003Dy) IL, (0003Cy)

(Initial Value: ****0000 00%0*000 *00000**)
23 22 21 20 19 18 17 16

5 | EF19 i EFqg  EFq7 | EFqg |

15 14 13 12 1 10 9 8 7 6 5

(0003AEI(I)‘0033H) | EF1s i EFqg| LEF2 | . | EF10 : EFg | EFg | | EFg i EFs :

EIRy (0003By) EIR (0003A4)
(Initial Value: ****0000 00*0*000 *000***0)

Note 1: Do not use any read-modify-write instruction such as bit manipulation for clearing IL.

Note 2: Do not set IMF to “1” during non-maskable interrupt service program.

Note 3: Bits1 and 0in IL;, Bits 7, 6 and 5 in ILE are read in as undefined data when a read instruction is executed.
Note 4: * ; Don’t care.

Figure 1-17. Interrupt Latch (IL) and Interrupt Enable Register (EIR)

1.5.1 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 12 machine cycles (6 s at fc=8 MHz in
the 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). Figure 1-18 shows the timing chart of interrupt acceptance
processing.

(1) Interruptacceptance
Interrupt acceptance processing is as follows.

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

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

@ The contents of the program counter (return address) and the program status word (PSW) are
saved (pushed) on the stack in sequence of PSWH, PSWL, PCE, PCH, PCL. The stack pointer (SP) is
decremented five times.

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

® The RBS control code is read from the vector table. The lower 4-bit of this code is added to the
RBS.

® The instruction stored at the entry address of the interrupt service program is executed.
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) Interrupt service task
1 machine cycle l—————

| | | | | | | | | | | | 1 | | 1
INTS /ﬂ

INTTBT ( /I-I

Y
ILys

ILg

IMF > \('
exccution Y mstruction X Interrupt acceptance X X
b X X X e X X Yoo X Comer X X X X X X X X X
e XXX X a XCOCOEEEX
sp : oo X X X X

RBS i X k=i+ (FFFE7).3-0

(a) Interruptacceptance

IMF |7

Execution X RETI instruction X
/’\/

ﬁgsdress X 9 X c+1 X n-4 X n-3 X n-2 X n-1 X n X a X a+1 E

PC y c X c+1 X c+2 X a X a+1 X a+2 K

SP n-5 X n-4 X n-3 X n-2 X n-1 X n

RBS k X i

(b) Return from interrupt instruction

Notel: a, return address, b ; entry address, ¢ ; address which the RETI instruction is stored
Note2: The maximum response time from when an IL is set until an interrupt acceptance processing starts is 62/fc [s] or 62/fs [s]
with interrupt enabled.

Figure 1-18. Timing Chart of Interrupt Acceptance and Interrupt Return Instruction
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Example: Correspondence between vector table address for INTTBT and the entry address of the
interrupt service program.

Vector table address Entry address
T N N— T N N— -
FFFE4y | 43y CD243y I
FFFESy | D2y Vector I::: CD244y, Interrupt
FFFE6y |  OCk CD245y, program
FFFE7 06 RBS CD246,
H LM control ) ] P
N~ : SN

A maskable interrupt is not accepted until the IMF is set to “1” even if the maskable interrupt higher
than the level of current servicing interrupt is occurred.

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 disable is
necessary, either the external interrupt function of the INTO pin must be disabled with the INTOEN in
the external interrupt control register (EINTCR) (the interrupt latch IL3 is not set at INTOEN =0,
therefore, the rising edge of INTO pin input can not be detected.) or an interrupt processing must be
avoided by the program.

Example 1: Disables an external interrupt 0 using the INTOEN
LD (EINTCR), 00000000B ; INTOEN <O

Example 2: Disables the processing of external interrupt 0 under the software control (using bit 0 at
address 000F0y as the interrupt processing disable switch)

PINTO: TEST (O00FOH).0 ; Return without interrupt processing if (000F0H)o =1
JRS T, SINTO
RETI

SINTO: : Interrupt processing

VINTO: DL  PINTO
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(2) Saving/Restoring general-purpose registers
During interrupt acceptance processing, the program counter (PC) and the program status word (PSW)
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 automatic register bank changeover
The general-purpose registers can be saved at high-speed by switching to a register bank that is
notin use. Normally, the bank 0 is used for the main task and the banks 1 to 15 are assigned to
interrupt service tasks. To increase the efficiency of data memory utilization, the same bank is
assigned for interrupt sources which are not nested.
The switched bank is automatically restored by executing an interrupt return instruction [RETI]
or [RETN]. Therefore, it is not necessary for a program to save the RBS.

Example: Register bank changeover

PINTxx: ~ : interruptprocessing
RETI
VINTxx: DP PINTxx
DB 1 ; RBS «<RBS +1

@ General-purpose register save/restore by register bank changeover
The general-purpose registers can be saved at high-speed by switching to a register bank that is
notin use. Normally, the bank 0 is used for the main task and the banks 1 to 15 are assigned to
interrupt service tasks.

Example: Register bank changeover

PINTxx: LD . | RBS, N ...
...... interrupt processing _ :
RETI ; Restores bank and Returns

VINTxx: DP PINTxx ; Interrupt sevice routine entry address
DB 0
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@ General-purpose registers 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 the push / pop instructions.

Example: Register save / restore using push and pop instructions

PINTxx: PUSH WA ; Save WA register pair
i interrupt processing
pop T WA T ; Restore WA register pair
RETI ; Return
................................................................................ Address (example)
SP — 0023Ay
............................. P B Post
B e I S R o | e 0093C
"""" pc, e e T 0023D
....... o g gk R P
Y- Yo BT 0023F
...... S e R R PO,
""" PSW, LWy Thswy | s | T 002at
Sranimemist T ofapen " T otapes Tt D femustretan
instruction instruction instruction

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

Example: Saving / restoring a register using data transfer instructions

PINTxx:

LD

(GSAVA), A

; Save

Aregister

(a) Saving/Restoring by register bank changeover

interrupt return

LD A, (GSAVA) ; Restore A register
RETI ; Return
main task Switch to bank n by main task
acceptance of jnterrupt LD,RBSand n acceptance of jnterrupt
bank m interrupt service task ~~ instruction interrupt service task
//W/ Switch to bank n saving
automatically registers
time bank n
[ ————— Restore to bank m
bank m interrupt return automatically by
[RETI]/[RETN] restoring
registers

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

Figure 1-19. Saving/Restoring General-purpose Registers
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3)

Interrupt 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 5 times. @ The stack pointer is incremented 5 times.
@ Theinterrupt master enable flag is 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.

@ The interrupt nesting counter is decremented, |@ The interrupt nesting counter is decremented,
and the interrupt nesting flag is changed. and the interrupt nesting flag is changed.

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.

1.5.2 Software interrupt (INTSW)
Executing the [SWI] instruction generates a software interrupt and immediately starts interrupt
processing (INTSW is highest prioritized interrupt). However, if processing of a non-maskable interrupt is
already underway, executing the SWI instruction will not generate a software interrupt but will result in
the same operation as the [NOP] instruction.
Use the [SWI] instruction only for detection of the address error or for debugging.

Note: To use the SWI instruction for software break in the development tool, software interrupt
always generates even if the non-maskable interrupt is in progress.

@ 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 in case that an
instruction is fetched from RAM or SFR areas.

Debugging
Debugging efficiency can be increased by placing the SWI instruction at the software break point
setting address.
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1.5.3 External interrupts
The TMP88CP76/S76 each have three external interrupt inputs (INTO, INT1 and INT5). The INT1 is
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.
The INTO/P11 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/P11 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 1-4. External Interrupts

Note 2:

Note 3:

S Pi Secondary Enable Edge Secondary function pin
ource in function pin | conditions rising falling both
INTO | INTO P11/sI1 | INFoER = 1 - O - - (hysteresis input)
INT1 INT1 P04/0C0 IMF-EF5=1 | INTIES=0 [ INT1ES=1 - For falling or rising edge, pulses of less
INTIW=0 than 7/fc [s] are eliminated as noise.
Pulses of equal to or more than 24/fc [s]
are regarded as signals.
IMF - EF5=1 _ B INT1W =1 [ Noise cancellation conditions are as
INTIW =1 (Note 2) |listed in Table 1-5. They are applied to
the INT1 pin when it is used for both
edge interrupts.
INT5 INT5 P20/STOP IMF « EF15=1 - O - - (hysteresis input)
Note 1: The noise rejection function is turned off for INT1 used in SLOW and SLEEP modes. Also, the noise reject times are not

constant for pulses input while transiting between operating modes (NORMAL2 < SLOW)

To detect the edge at which an interrupt is generated, read bit 6 (INT1EDT) in EINTCR1, that is, at the beginning of the
interrupt processing routine. INT1EDT is valid only for both-edge interrupts (INTIW =1). INT1EDT is set to 1 by an
interrupt as the non-selected edge; cleared to 0 after read automatically.
When rising edge is selected (INT1ES =0), bit 6 in INT1EDT is set to 1 when a falling edge is detected at the INT1 pin.

(That is, remains 0 if rising edge is detected.)

When falling edge is selected (INT1ES = 1), bit 6 in INT1EDT is set to 1 when a rising edge is detected at the INT1 pin.
(That is, remains 0 at falling edge.)
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:

1.INT1 pin

25/fc [s] (when INT1W =0, falling or rising edge)
25/fc [s] (when INT1W =1, and NCS (0, 0, 0))

(26/f¢c) x 8.5 + 19/fc [s] (when INT1W =1, and NCS (0, 0, 1))
(27/f¢) x 8.5 + 19/fc [s] (when INT1W = 1, and NCS (0, 1, 0))
(28/fc) x 8.5 + 19/fc [s] (when INT1W =1, and NCS (0, 1, 1))
(29/f¢) x 8.5 + 19/fc [s] (when INT1W = 1, and NCS (1, 0, 0))
(210/fc) x 8.5 + 19/fc [s] (when INTIW =1, and NCS (1, 0, 1))
(211/fc) x 8.5 + 19/fc [s] (when INT1W =1, and NCS (1, 1, 0))
(212/fc) x 8.5 + 19/fc [s] (when INTIW =1, and NCS (1, 1, 1))

INTO/INTS input

tnTL

tinTH

Note 4: The pulse width (both “H” and "L” level) for input to the INTO and INT5 pins must be over 2 machine cycle.

UNTL, tinTH = 2 teyc

(Note: tcyc= 4/fm][s])

Note 5: When INTOEN =0, interrupt latch IL3 is not set even if a falling edge is detected for INTO pin input.
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Table 1-5. Noise reject condition for INT1 (both-edge interrupt)

EINTCR1 max. pulse width min. pulse width
NCS2 x 2 NCS1 % 1 NCSO x 0 for noise reject forimmediate signal

0 0 0 - (histeresis input)

0 0 1 (26/fc) x7 - 6/fc (26/fc) x 8+ 5/fc
0 1 0 (27/fc) x7 - 6/fc (27/fc) x 8+ 5/fc
0 1 1 (28/fc) x7-6/fc (28/fc) x 8+ 5/fc
1 0 0 (29/fc) x7 - 6/fc (29/fc) x 8+ 5/fc
1 0 1 (210/f¢) x 7 - 6/fc (210/fc) x 8 + 5/fc
1 1 0 (211/fc) x 7 - 6/fc (211/f¢c) x 8 + 5/f¢c
1 1 1 (212/f¢) x 7 - 6/fc (212/fc) x 8 + 5/fc

Note: InSLOW mode, set(NC5x2,1,0) =(0,0,0).
In SLOW mode, the digital noise filter in the above table is disabled.

EINTCR

(00037y) (Initial value: 0% *x(0x*)

0: P11 input/output port
1: INTO pin (Port P11 should be set to an input mode)

INTOEN | P11/INTO pin configuration

0: Rising edge

INT1ES |INT1edge select 1: Falling edge

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

Note2: Edge detection during switching edge selection is invalid.

Note 3: Do not change EINTCR only when IMF =0. After changing EINTCR, interrupt latches of external
interrupt inputs must be cleared to “0” using load instruction.

Note4: Inorder to change of external interrupt input by rewriting the contents of INT1ES during NORMAL1/2
mode, clear interrupt latches of external interrupt inputs (INT1) after 8 machine cycles from the time of
rewriting. During SLOW mode, 3 machine cycles are required.

Note5: Bits7,5to2 and 0in EINTCR are read in as undefined data when a read instruction is excuted.

External Interrupt Control Register 1

EINTCRT 6 5 4 3 2 1. 0.
(00024y,) | INT1W| T | NCST | ol (Initial value: 0000 00%%)
. 0: Referto INT1ES
INTIW | INT1 both edge selection 1+ Both edge detection RW
Flag indicating an interrupt at 0: Interrupt at selected edge or no interrupt
INT1EDT selected edge/non-selected edge, 1: Interrupt at non-selected edge R
when INT1W = 1 (for both-edge
interrupts)
Noise cancellation time select for | 000: No noise cancellation
INT1 digital noise filter (valid 001: Cancels (26/fc x 7 - 6/fc) as noise.
only when INT1W = 1) 010: Cancels (27/fc x 7 — 6/fc) as noise.
011: Cancels (28/fc x 7 — 6/fc) as noise.
. R/W
NCS1 100: Cancels (29/fc x 7 — 6/fc) as noise.
101: Cancels (210/fc x 7 — 6/fc) as noise.
110: Cancels (211/fc x 7 - 6/fc) as noise.
111: Cancels (212/fc x 7 - 6/fc) as noise.
INTIDET |INT1 interrupt detection flag 0: Nointerrupt R
1: Interrupt

Note 1: INT1EDT and NCS1 are valid only when the INTTIW bit in EINTCR1 isset to 1.
Therefore, when INTTW =0, the digital noise filter set by the NCS1 bit is disabled.

Note 2: Do not changing the contents of INT1ES (bit 1 in EINTCR) when INT1W is set to 1 (both-edge detention).
If changing the contents of INTTES during INTTW is set to 1, according to Note 3/4/5 of EINTCR.

Figure 1-20. External Interrupt Control Register
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1.6 Reset Circuit

The TMP88CP76/576 have four types of reset generation procedures: an external reset input, an address
trap reset output, a watchdog timer reset output and a system clock reset output. Table 1-6 shows on-
chip hardware initialization by reset action.

The malfunction reset output circuit such as watchdog timer reset, address trap reset and system clock
reset is not initialized when power is turned on. The RESET pin can output level “L” at the maximum
24/fc[s] (3 us at 8 MHz) when power is turned on.

Table 1-6. Initializing Internal Status by Reset Action

On-chip hardware Initial value On-chip hardwear Initial value
Program counter (PC) | (FFFFEy to FFFFCy)
Stack pointer (SP) notinitialized Prescaler and Divider of timing 0
General-purpose registers not initialized generator

(WABCDEHL)
Register bank selector (RBS) 0 .
Watchdog timer Enable
Jump status flag (JF) 1
Zero flag (ZF) notinitialized
Carry flag (CF) notinitialized
Half carry flag (HF) not initialized Refer to I/0 port
- — Output latches of I/0 ports .
Sign flag (SF) not initialized circuitry
Overflow flag (VF) notinitialized
Interrupt master enable flag  (IMF) 0
Interrupt individinal enable flags 0
. Refer to each of
(EF) Control registers .
control register

Interrut latchs (IL) 0

1.6.1 External reset input

The RESET pin contains a Schmitt trigger (hysteresis) with an internal pull-up resistor.
When the RESET pin is held at “L” level 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 FFFFC to FFFFER.

RESET

vDD

Reset input

circuit

Sink open drain

Malfunction
reset output

Watchdog timer reset |

Address trap reset |

System clock reset |

Figure 1-21. Reset Circuit
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1.6.2 Address-trap-reset
If the CPU should start looping for some cause such as noise and an attempt be made to fetch an
instruction from the on-chip RAM or the SFR area, an address-trap-reset will be generated. Then, the
RESET pin output will go low. The reset time is about 8/fc to 24/fc [s] (1 to 3 s at 8 MHz).

Instruction P a :( reset release Xinstruction ataddressr
execution . ] i
Address-trap is occurred ! !
RESET output I ("L" output) I ("H") (Hi-2) E 1
i 1 ] i
1 1 1 1
1 1 I 1
' ' : '
I 8/fcto 24/fc[s] ! a/fc | 20/fc[s] !
to
12/fc [s]

Note 1: Address “a” is in the SFR or on-chip RAM space.
Note 2: During reset release, reset vector “r” is read out, and an instruction at address “r” is fetched and decoded.

Figure 1-22. Address-Trap-Reset

1.6.3 Watchdog timer reset
Refer to Section “2.4 Watchdog Timer”.

1.6.4 System-clock-reset
Clearing both XEN and XTEN (bits 7 and 6 in SYSCR2) to “0", clearing XEN to “0” when SYSCK =0, or
clearing XEN to “0" when SYSCK = 1 stops system clock, and causes the microcomputer 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
about 8/fc to 24/fc [s] (1to 3 s at 8 MHz).
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2.  On-Chip Peripheral Functions

2.1 Special Function Registers (SFR)
The TMP88CP76/S76 use the memory mapped I/O system, and all peripheral control and data transfers are
performed through the special function registers (SFR).
The SFR are mapped to addresses 00000y to 0003Fy, and DBR are mapped to address 00FO0y to O0FFFy.
Figure 2-1 shows the TMP88CP76/576 SFR, DBR.

Address Read i Address Read Write

000204 [sBICR1 (sBI control 1)

..................................................................................... 21
02 | e RO 22

OF ADCDR (AD conv.result) reserved

10 PO port (read) DVCR (DV1 control)

11 . reserved

1F reserved 3F PSW,, (Program status word)

(a) Special function registers

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

Note 2: — ; Cannot be accessed.

Note 3: Write-only registers and interrupt latches cannot use the read-modify-write instructions (bit manipulation
instructions such as SET, CLR, etc. and logical operation instructions such as AND, OR, etc.).

Note 4: When defining address 0003Fy with assembler symbols, use GRBS.
Address 0003E; must be GPSW/GFLAG.

Figure 2-1.(a) SFR & DBR
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O00Fxy
X | Oto1 2to3 | 4to5 | 6to7 8t09 AtoB CtoD EtoF
Y
0 _00FO0  OOF20 ! OOF40 ! OOF60 ! 00F80 00FAO ! 00FCO | OOFEO
1| 0oF01_
2 || 00FOz_
3 || 00F03
4 || 00F04_
5 || 00F05_
6 || 00F06
7__|| 00F07_ VFT
8 00F08 display data buffer reserved
5 | ooros (90byte)
A_| ooron
B__ || O0F0B_
C | ooFoc
D_ || 00FOD
E__ || OOFOE
F_|l ooFoF
0 00F10
______ h] 1 1 1 1 1
1| ooF11 : : : : :
2 || 00F12 i 00F32 | 0OF52 | O0F72 i 00F92 : 00FB2 I 00FD2 | OOFF2
3 O00F13 Read Write
4 00F14 OCRO,
e (Compare regoster 0,)
5 00F15 OCROy
________ (Compare regoster 0y)
6 | 00FT6 OCR1, reserved
. (Compare regoster 1,)
7 00F17 OCR1y
________ (Compare regoster 1)
8 00F18 ICROA, B
_________ (Capterregister) | .
3 [ 06F19 reserved ICROA N
_________ (Capterregister) | . .
A 00F1A ICROB. _ d
_______ Read Write| (Copterregisten) | T . reserve
B O00F1B ET1CR ICROBY _
_____________ (ETC1 control) | (Capterregisten) | sio1
c 00F1C i TMEN | ICR1A transmit data buffer
Imer channe (Capter register) -
___________ enableregister) | | (8 byte)
D 00F1D TMD ICR1AY
(Capture mode (Capter register) -
................. register) |
E 00F1E ETREG1, ICR1B.
- |(Extended timer | (Capterregister) -
______ , , o dregister1) L
F O0OF1F ! ! ! ETREG 1y ICR1By
! ! ! — |(Extended timer | (Capter register) -
| 1 ] register 1))
Note 1: Do not access reserved areas by the program.
Note 2: - ; Cannot be accessed.
Figure 2-1. (b) SFR & DBR
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2.2 1/0Ports

The TMP88CP76/S76 each have 10 parallel input/output ports (68 pins) each as follows:

@ PortP0  5-bitl/O port Serial bus interface input/output, Extended timer/counter
input/output and External interrupt input

@ PortP1  8-bitl/O port External interrupt input, serial interface input/output, timer/
counter input/output, and divider output

@ PortP2 3-bit I/O port Low-frequency resonator connections, external interrupt input,
and STOP mode release signal input

@ PortP4  8-bitl/O port Anarog input

® PortP5 4-bitl/O port Anarog input

® PortP6  8-bitl/O port VFT output

@ PortP7  8-bitl/O port VFT output

PortP8  8-bitl/O port VFT output

®© PortP9  8-bitl/O port VFT output

@ PortPD  8-bitl/O port VFT output

Each output port contains a latch, which holds the output data. Input ports excluding 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 changesin the S2 state of the write cycle during execution of the instruction which writes to
an I/O port.

fetchcycle  fetchcycle  read cycle fetch cycle  fetchcycle  write cycle
I ] I | I ] | |
I I I I I 1 1 1

Instruction ___S0 S1 $2 S3 SO S1 S2 S3 SO S1 S2 S3 Instruction—__50 S1 S2 S3 SO S1 S2 S3 SO S1 S2 S3

execution . L ExrIDAY . execution__ L EDGLA L, -
cycle cycle
Input strobe-- - l_l - ——-  Outputlatch__ |_|
P pulse 5
Data input__ % X/ Data output__ 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)
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When reading an 1/0O port except programmable 1/0 ports P1, P3, P4 and P5, whether the pin input data
or the output latch contents are read depends on the instructions, as shown below:
(a) Instructions thatread the output latch contents

@ XCH r, (src) ® XCH CF, (src), b

@ CLR/SET/CPL (src).b @ ADDADDC/SUB/SUBB/AND/OR/XOR (src), n

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

® LD (pp) . b, CF

(b) Instructionsthatread the pin input data
@ (HL) side of ADDADDC/SUB/SUBB/AND/OR/XOR (src), (HL)

Port PO has PO read register and PO write register. Port PO can select the pin input data or the output
latch contents by reading each registers.

2.2.1 Port PO (P07 to P0OO)
Port PO is an 5-bit input/output port, and is also used as external interrupt input, a serial bus interface
input/output and extended timer/counter. When used as an input port or a secondary function pin, the
output latch should be setto “1". The output latches are initialized to “1” during reset.
Port PO has PO read register and PO write register. Port PO can select the pin input data or the output
latch contents by reading each registers.

control input @—

port data input
(PO read register)

-1
~

output latch data input
(PO write register)

dataoutput —— (D Q __D POI
output latch

control output Note: i=4to0

..... 7854 3 2 1 0
— : : PO4 i P03 : P02 i PO1 i POO
rite : : : : : :
(00000,) : : OCO | 1C0 | IC1 | SCL | SDA | (initial value: *++1 1111)
RAW : ; : INT1 : PETCT1 i sI3 i sO3
: £ 5CK3 :
Poread | L L PO4 : P03 i P02 i PO1 : POO |
(00010y)
Read only

Figure 2-3. Port PO and POCR

The terminal of Sink open drain port needs to set it as follows.

Note 1: Set output latch to “0” when an unused port is open.

Note 2: An input level of an input which is assigned as input should be kept high or low level in all
operation mode.

Note 3: Output level is kept during STOP mode. Set output latch to “0” before changing to the STOP
mode in case cutting off power supply which is connected as pulls up a voltage level of the port
through register.
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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, 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 a serial interface input/output,
an external interrupt input, a timer/counter input, and a divider output. When used as a 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”.

Note: Port set to the input mode read the pin status. When input pin and output in exist in port P1
together, the contents of the output latch of ports set to the input mode may be rewritten by
executing the bit manipulation instructions. Pins set to the output mode read a value of the
output latch.

P1CRinput

P1CRi —)IE L

data input

output latch Pl

control output

control input
Note: i=7to0

7 6 5 4 3 2 1 0

- P17 i P16 i P15 : P14 i P13 P12 i P11 | P10

(00001y) ';WTg" TC4 : DVO ; ; SOf Sim (Initial value: 0000 0000)
‘g0 | SI0 (5CKO: i TC2 INTO :

P1CR z : & T 2 : 4 : 2 : 2 : 1 : 0

(0000By) | ' ' - - | (nitial value: 0000 0000)

I/0 control for port P1 0: Input mode RIW

P1CR
¢ (Set for each bit individually) 1: Output mode

Figure 2-4. PortP1and P11/0O control register

The terminal of Tri-state port needs to set it as follows.

Note 1: When an unused port is open, change the port mode to “output” aftersetting the output latch
high or low.

Note 2: An input level of an input which is assigned as input should be kept high or low level in all
operation mode.
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2.2.3 Port P2 (P22 to P20)
Port P2 is a 3-bit input/output port. It is also used as an external interrupt input, and low-frequency
crystal connection pins When used as an input port, or the secondary function pin, the output latch
should be setto “1”. During reset, the output latches are initialized to “1".
A low-frequency crystal (32.768 kHz) is connected to pins P21 (XTIN) and P22 (XTOUT) in the dual-clock
mode. In the single-clock mode, pins P21 and P22 can be used as normal input/output ports.
It is recommended that the P20 pin should be used as an external interrupt input, a STOP mode release
signal input, or an input port. If used as an output port, the interrupt latch is set on the falling edge of
the output pulse.
When a read instruction for port P2 is executed, bits 7 to 3 in P2 read in as undefined data.

SET/CLR/CPL/others — J’]_ CMP/MCMP/TEST/ others
Datainput ‘[ 4
output latch :]_‘

Dataoutput —[o o [ > [7] P20 aNTs/570P)
Control input /(‘

. ~
Data input

L<:]_ Osc. enable

Data output 1 D Q

Note 1:*; Don’t care
Note 2: XTEN is bit 6 in SYSCR2

Data output D Q {>— P21 (XTIN)
Data input
J Y
ZL'|> : ] P22 (xTouT)

XTEN
fs @
7 6 5 4 3 2 1 0
o .......... .......... ......... TR
(00002y) XTOUT; XTIN %

(Initial value: ***x *111)

Figure 2-5. Port P2

The terminal of Sink open drain port needs to set it as follows.

Note 1: Setoutputlatch to “0” when an unused port is open.

Note 2: An input level of an input which is assigned as input should be kept high or low level in all
operation mode.

Note 3: Output level is kept during STOP mode. Set output latch to “0” before changing to the STOP
mode in case cutting off power supply which is connected as pulls up a voltage level of the port
through register.
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2.2.4 Port P4 (P47 to P40)
Ports P4 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 P4
input/output control register (P4CR).
Port P4 is also used as an analog input for the AD converter. When used as an analog input, AINDS (bit 4
in the ADCCR) must be cleared to “0” and its corresponding P4CR bit must be set to “1”. In this case,
unuse pin as analog input is configured as only input port.
During reset, AINDS is initialized to “0” and all bits of PACR are initialized to “1”, which configures port
P4 as analog input. The P4 output latches are initialized to “0”. Data is written into the output latch
regardless of the PACR contents. Therefore initial output data should be written into the output latch
before setting PACR.

Note: Port set to the input mode read the pin status. When input pin and output in exist in port P4
together, the contents of the output latch of ports set to the input mode may be rewritten by
executing the bit manipulation instructions. Pins set to the output mode read a value of the

output latch.
Analog input
AINDS
SAIN
P4CRi input
PACRi —| D Q
PACRi latch
read
Data input J
Data output D Q 1 I\l/ DP4i
output latch
7 6 5 4 3 2 1 0 Note: i=0to7
P4 - - - - - - -
P47 : PA6 : P45 : P44 : PA3 : P42 : PA1 : P40 "
(00004) | AINO7:AINOG:AINOS:AINO4:AINO3IAINO2:AINOT:AINOO|  (Initial value: 0000 0000)
PACR 7‘6‘5.4‘3‘2.1.0
oooocy) [P f ittt ] (nitial value: 0000 0000)
Port P4 1/0O control 0: Input mode
PACR (Set for each bit individually) 1: Output mode RW

Figure 2-6. P4 and Port P4 control register

The terminal of Tri-state port needs to set it as follows.

Note 1: When an unused portis open, change the port mode to “output” after setting the output latch
high or low.

Note 2: An input level of an input which is assigned as input should be kept high or low level in all
operation mode.
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2.2.5 Port P5 (P53 to P50)

Ports P5 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 P5
input/output control register (P5CR).

Port P5 is also used as an analog input for the AD converter. When used as an analog input, AINDS (bit 4
in the ADCCR) must be cleared to “0” and its corresponding P5CR bit must be set to “1”. In this case,
unuse pin as analog input is configured as only input port.

During reset, AINDS is initialized to “0” and all bits of P5CR are initialized to “1”, which configures port
P5 as analog input. The P5 output latches are initialized to “0”. Data is written into the output latch
regardless of the P5CR contents. Therefore initial output data should be written into the output latch
before setting P5CR.

When aread instruction for port P5 is executed, bit7 to 4 in P5 read in as undefined data.

Note: Port set to the input mode read the pin status. When input pin and output in exist in port P5
together, the contents of the output latch of ports set to the input mode may be rewritten by
executing the bit manipulation instructions. Pins set to the output mode read a value of the

output latch.
Analog input
AINDS
SAIN
P5CRi input
P5CRi — D Q —
P5CRi latch
read
Data input J
1 ™
Data output D Q > D PS5t
output latch .
Note1: i=0to3
7 6 5 4 3 2 1 0 Note2: =*;Don’tcare
P5 sl R e TR i _ _
: : : H P : P52 : P51 : P .
(000051) : : A||3133 §A|S12 §A|N511 §A||3?0 (Initial value: **** 0000)
P5CR 7 6 5 4 3 2 1 0
(0000Dy) : : : : | (Initial value: **** 0000)

Port P5 I/O control
(Set for each bit individually)

0: Input mode
1: Output mode

Figure 2-7. P5and Port P5 I/O control register

The terminal of Tri-state port needs to set it as follows.

Note 1: When an unused port is open, change the port mode to “output” aftersetting the output latch
high or low.

Note 2: An input level of an input which is assigned as input should be kept high or low level in all
operation mode.
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2.2.6 Port 6 (P67 to P60), P7 (P77 to P70), P8 (P87 to P80), P9 (P97 to P90)
Port P6, P7, P8 and P9 are an 8-bit high-breakdown voltage input / output port, and also used as a VFT
driver output, which can directly drive vacuum fluorescent tube (VFT).
When used as an VFT driver output, the output latch should be cleared to “0”.
Pins not used for VFT driver output can be used as I/O ports.
When use an VFT driver and normal input / output at the same time, VET driver output data buffer
memory (DBR) need to cleared to “0".
The output latches are initialized to “0” during reset.
It recommends that port P6, P7, P8 and P9 shoud be used to drive directly drive vacuum fluorescent tube
(VFT), since this port has a pull down resistance.

CMP/MCMP /TEST/Others
Data input serrars N
CPL/Others
Data output —D P6i
P7i
VFT driver output P8i
VKK P9i
Note: i=7to0
7 6 5 4 3 2 1 0
P6 P67 : P66 : P65 : P64 : P63 : P62 : Pl : Pe0 | (Initial value: 0000 0000)
(000061) | v7 i ve i vs i va i w3 iwv2 iy iy
7 6 5 4 3 2 1 0
P7 P77 : P76 : P75 : P74 : P73 : P72 : p71 : P70 | (Initial value: 0000 0000)
(000071) | vi5 i vi4a i v13 i vI2 P Vi1 i VIO P ve | v8
7 6 5 4 3 2 1 0
P8 P87 : P86 : P85 : P84 : P83 : P82 : pg1 : Pg0 | (Initial value: 0000 0000)
(000084) | v23 i v22 i v21 i v20 P V19 i VI8 | v17 | V16
7 6 5 4 3 2 1 0
P9 P97 : P96 : P95 : P94 : P93 i P92 i pg1 : pgo | (Initialvalue: 0000 0000)
(00009) | v31 | v30 i V29 i V28 i V27 : V26 i v25 } v24

Figure 2-8. P6, P7, P8, P9 ports

The terminal of Source open drain port needs to set it as follows.

Note: When an unused port is open, clear corresponding DBR data for the port to “0” and set the
output latch to “0”. Vkk needs to be tied to power supply in this case.
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2.2,

7 PD (PD7 to PD0)

Port PD is high-breakdown voltage input / output port, and also used as a VFT driver output, which can
directly drive vacuum fluorescent tube (VFT).

General-purpose or segment can be selected for each bit by VSEL (bit 4 to 0) in VFT driver control register
1 (VFTCR1). The VSEL is cleared to “0” during reset, which used as an input mode. When used as an input

port or VFT driver output, the output latch set to “0”. The output latches are initialized to “0” during
reset.

PD

(0001DH) | v39 : v38 i v37 i V36 i V35 i V34 i v33 i v32

CMP/MCMP / TEST/ Others

Datainput

SET/CLR/ N

CPL/Others
Data output —>|§
OutputTat

VFT driver output control T
Note: i=7to0

VFT driver output
* ; Don't care VKK

PD7 : PD6 : PD5 : PD4 i PD3 i PD2 : PD1 i PDO | (Initial value: 0000 0000)

Figure 2-9. PD Port

The terminal of Source open drain port needs to set it as follows.

Note: When an unused port is open, clear corresponding DBR data for the port to “0” and set the
output latch to “0”. Vkk needs to be tied to power supply in this case.
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2.3 Time Base Timer (TBT)
The time base timer generates time base for key scanning, dynamic displaying, etc. It also provides a time
base timer interrupt (INTTBT).
An INTTBT is generated on the first rising edge of source clock (the divider output of the timing
generator) after the time base timer has been enabled. The divider is not cleared by the program;
therefore, only the first interrupt may be generated ahead of the set interrupt period (Figure 2-10 (b)).
The interrupt frequency (TBTCK) must be selected with the time base timer disabled (the interrupt
frequency must not be changed with the disable from the enable state). Both frequency selection and
enabling can be performed simultaneously.

MPX

fc /2%, §¢/2% or fs/ 25 >—]
fc /27", fc/22 or fs/ 23 >—
/2%, fc/2"7 orfs/ 28 >—
fc/2%, fc/2'% orfs/ 26 >—
fc/2%, fc/2" orfs/ 25 >—
fc/22, fe/2% orfs /24 >—
fcr2", fc/22 orfs/ 23 >—
fc/2°, 12 orfs/2 >

Source clock

)—I Rising edge detector |—> INTTBT interrupt request

<

TOTMMUAN®>

wv

3}
TBTCK TBTEN

| TBTCR |

Time base timer control register

(a) Configuration

Source clock _I I_I I_I r

TBTEN

INTTBT i " " "_

————
"Interrupt period
Enable TBT

(b) Time base timer interrupt

Figure 2-10. Time Base Timer

Example: Sets the time base timer frequency to f¢/216 [Hz] and enables an INTTBT interrupt.
LD  (TBTCR), 00000010B
LD (TBTCR), 00001010B
SET (EIRL). 6
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7 6 5 4 3 2 1 0
{:OTO(_:,,RGH) |(ovoem| VoK) |(DV7CK) |TBTEN |  TBTCK | | (Initial value: 0%%0 Ox*x)
Time base timer enable/ 0: Disable
TBTEN disable 1: Enable
NORMAL1/2, IDLE1/2 mode SLOW,
DV7CK =0 DV7CK =1 SLEEP
DVICK=0|DV1CK=1|DV1CK=0 |DVICK =1 mode
Time base timer interrupt 000 fc/2% fc/2% fs/ 2" fs/2" fs/2" R/W
TBTCK [ frequency select [Hz] 001 fc/22! fc/2% fs/2%3 fs /23 fs/2%
q y 010 fc/2'® fc/2"7 fs/28 fs/28 -
011 fe/2" fc/2" fs/2° fs/ 25 -
100 fc/2™ fc/2™ fs/2° fs/2° -
101 fc/2% fc/2% fs/24 fs/ 2% -
110 fe/2" fc/2" fs/ 23 fs/23 -
111 fc/2° fc/2'° fs/2 fs/2 -

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

* ; Don't care

Figure 2-11. Time Base Timer Control Register

Table 2-1. Time Base Timer Interrupt Frequency (Example: fc=8 MHz, fs =32.768 kHz)

Time base timer interrupt frequency [Hz]
NORMAL1/2, IDLE1/2 mode
TBTCK !
DV7CK =0 DV7CK =1 SLOr\:]véjle'EEP
DVICK=0 DV1CK =1 DVICK=0 DV1CK=1
000 0.95 0.48 1 1 1
001 3.81 1.91 4 4 4
010 122.07 61.04 128 128 -
011 488.28 244.14 512 512 -
100 976.56 488.28 1024 1024 -
101 1953.13 976.56 2048 2048 -
110 3906.25 1953.13 4096 4096 -
111 15625.00 7812.50 16384 16384 =
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2.4 Watchdog Timer (WDT)
The watchdog timer is a fail-safe system to rapidly detect the CPU malfunctions such as endless looping
caused by noise or the like, or deadlock and resume the CPU to the normal state.
The watchdog timer signal for detecting malfunction can be selected either a reset output or a pseudo
non-maskable interrupt request. However, selection is possible only once after reset. At first the reset
outputis 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.

2.4.1 Watchdog timer configuration

reset release

s
fc/23,fc/2%orfs/ 25— © . L
! | Binary Counters
fc/2%, fc/ 2% or fs /2" —> e clock overflow R
fc/2",fc/2? orfs/ 2" { WDT output reset output
fc/2"7,fc/2%orfs/2° —>| Q J_)— _
r dear | 1| 2 )—s Q- >—"{reser
—>
interrupt request
v ) Pred INTWDT
internal reset
Q
S R
WDTT WDTEN ' writing writing WDTOUT
disable code | clear code

Controller

00034 00035

WDTCR1 WDTCR2

Watchdog timer control registers

Figure 2-12. Watchdog Timer Configuration

2.4.2 Watchdog timer control
Figure 2-13 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 at 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 malfunctions such as endless looping or deadlock occur 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 circuit. When WDTOUT =0, a watchdog timer
interrupt(INTWDT) is generated.
The watchdog timer temporarily stops counting in STOP mode including warm-up or IDLE mode, and
automatically restarts (continues counting) when the STOP/IDLE mode is released.
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Example: Setsthe watchdog timer detection time to 221/fc[s] and resets the CPU malfunction.

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

[~ LD (WDTCR2), 4EH ; Clearsthe binary counters

Within WDT (always clear immediately after changing WDTT)

detection time

— LD (WDTCR2), 4EH ;  Clearsthe binary counters
Within WDT :
detection time

- LD (WDTCR2), 4EH ; Clearsthe binary counters

Watchdog Timer Register 1

2 1 0
‘('ggogc‘a; WOTT \(’)VB; (Initial value: **x** 1001)
Watchdog timer 0: Disable (It is necessary to write the disable code to WDTCR2)
WDTEN .
enable/disable 1: Enable
NORMA1/2 mode
Watchd . DV7CK=0 DV7CK =1 ?T:-(())CYZ
atchdog timer DVICK=0 | DVICK=1|DVICK=0]DVICK=1 write
WDTT |detectiontime [s] 00 275 [ fc 226/ fc 217/ fs 27 /s 27/%s | only
01 23 /1c 2%/ fc 25/ fs 25/ fs 2571
10 2%/ fe 22 /¢ 2%/ 1s 23/ 1s 23/ 1s
11 2%/ f¢ 2%/ ¢ 2"/ fs 2"/ fs 2"/ fs
Watchdog timer 0: Interrupt request
WDTOUT
ou output select 1: Reset output

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

Note 2: fc; High-frequency clock [Hz], fs; Low-frequency clock [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 Register 2
7 6 5 4 3 2 1 0
WDTCR2 | T : : T T : T |
(00035) H : : : : : :

(Initial value: ***% xxxx*)

4E,:  Watchdog timer binary counter clear
(clear code)

B1y:  Watchdog timer disable
(disable code)

others: Invalid

write
only

Watchdog timer control

WDTCR2 . .
code write register

Note 1: The disable code is invalid unless written when WDTEN =0.
Note 2: *; Don't care
Note 3: The binary counter of the watchdog timer must not be cleared by the interrupt task.

Figure 2-13. Watchdog Timer Control Registers
(2) Watchdog timer enable
The watchdog timer is enabled by setting WDTEN (bit 3 in WDTCR1) to “1”. WDTEN is initialized to
“1" during reset, so the watchdog timer operates immediately after reset is released.

Example: Enables watchdog timer

3-76-52 1999-12-14



TOSHIBA TMP88CP76/576

(3) Watchdog timer disable
The watchdog timer is disabled by writing the disable code (B1) to WDTCR2 after clearing WDTEN (bit
3 in WDTCR1) to “0”. The watchdog timer is not disabled if this procedure is reversed and the disable
code is written to WDTCR2 before WDTEN is cleared to “0”. During disabling the watchdog timer, the

binary counters are cleared to “0”.

Example: Disables watchdog timer

LDW (WDTCR1), 0B101H

; WDTEN « 0, WDTCR2 <« Disable code

Table 2-2. Watchdog Timer Detection Time (Example: fc=8 MHz, fs =32.768 kHz)

Watchdog timer detection time [s]
WDTT NORMAL1/2 mode
DV7CK=0 DV7CK=1 SLOW mode
DVICK=0 DVICK =1 DV1CK=0 DVICK =1
00 4.194 8.389 4 4 4
01 1.048 2.097 1 1 1
10 262.144 m 524.288 m 250 m 250 m 250 m
11 65.536 m 131.072 m 62.5m 62.5m 62.5m

2.4.3 Watchdog timer interrupt (INTWDT)
This is a pseudo non-maskable interrupt which can be accepted regardless of the contents of the EIR. If a
watchdog timer interrupt or a software interrupt is already accepted, however, the new watchdog timer
interrupt waits until the previous interrupt processing is completed (the end of the [RETN] instruction
execution).
The stack pointer (SP) should be initialized before using the watchdog timer output as an interrupt
source with WDTOUT.

Example: Watchdog timer interrupt setting up
LD SP, 0023FH ;
LD (WDTCR1), 00001000B ;

Sets the stack pointer
WDTOUT «0

2.4.4 Watchdog timer reset
If the watchdog timer output becomes active, a reset is generated, which drives the RESET pin (sink open
drain input / output with pull-up) low to reset the internal hardware and external circuits. The reset
output time is about 8/fc to 24/fc [s] (1 to 3 us at fc =8 MHz, fcgck = fc).

Note: The high-frequency clock oscillator also turns on when a watchdog timer reset is generated in
SLOW mode. The reset output time is 8/fc to 24/fc [s]. Therefore, the reset time may include a
certain amount of error if there is any fluctuation of the oscillation frequency at starting the high-
frequency clock oscillation. Thus, the reset time must be considered an approximated value.

2"/fc [s]

clock

[ twoTT=11p)
XEX s X 7 X 2 X 3 X o

b

B ——— i
} (Hi-2) I("L" output)

writes 4Ey to WDTCR2

Binary counter

Overflow

INTWDT interrupt

WDT reset output

Figure 2-14. Watchdog Timer Interrupt/Reset
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2.5 Divider Qutput (DVO)
Approximately 50% duty pulse can be output using the divider output circuit, which is useful for
piezoelectric buzzer drive. Divider output is from pin P14 (DVO). The P14 output latch should be set to
“1" and then the P14 should be configured as an output mode.

7 6 5 4 3 2 1 0

TBTCR

(00036,,) |DVOEN| DVOQCK |(DV7CK) | (TBTEN) | (TBTCK), | (Initial value: 0**0 O*xx)
Divider output enable/ 0: Disable
DVOEN ;
disable 1: Enable
NORMAL1/2, IDLE1/2 mode SLOW,
DV7CK =0 DV7CK =1 SLEEP
Divider output (DVO DVICK=0]DVICK=1|DVICK=0[DVICK=1| mode
Dvock | frequency SZIec(tion [)HZ] 00 fc/27 fc/2" fs/2° fs/2° fs/2° RIW
01 fc/2" fc/2% fs/2° fs/ 2% fs/2*
10 fc/2" fc/2" fs/ 23 fs/ 23 fs/23
11 fc/2" fc/2" fs/2? fs/2? fs/2?

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

Figure 2-15. Divider Output Control Register

Example: 976 Hz pulse output (at fc=8 MHz, DV1CK=0,DV7CK =0,)
SET (P1).4 ;P14 outputlatch « 1
LD (P1CR), 00010000B  ; Configures P14 as an output mode
LD (TBTCR), 10000000B ; DVOEN « 1,DVOCK « 00

Table 2-3. Divider Output Frequency (Example: at fc=8 MHz, fs =32.768 kHz)

Divider output frequency [kHz]
DVOCK NORMAL1/2, IDLE1/2 mode
DV7CK=0 DV7CK =1 SLO\rInV, ZLEEP
DVICK=0 DVICK =1 DVICK=0 DVICK =1 oce
00 0.976 0.488 1.024 1.024 1.024
01 1.953 0.976 2.048 2.048 2.048
10 3.906 1.953 4.096 4.096 4.096
11 7.812 3.906 8.192 8.192 8.192
output latch output enable (P1CRy)

m . > | P14 (DVO)

selector

fc/213,fc/ 214 or fs/ 25>—a
fc/212 fc/213 or fs/ 24>—
fc/211 fc/2120rfs/23>—c Y
D
2

fc/210 fc/211 or fs/22>— P13 output latch J I—I
DVOCK DVOEN DVOEN —I L
Divider oot corm o register svopinoupr | I LT LT

(a) Configuration of divider output circuit (b) Divider output timing chart

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

2.6

2.6.1 Configuration
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2.6.2 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.

Timer Register 1

TREG1A

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

(00016, 00017y) . TREG1A, (00017y) . | . _ TREGI1A, (00016,) . |
Write only
(T(;‘oEoﬁ?oom 3.) | ! TREG1By (00013y) | , | . , TREGIB_(00012y) | . |
Read only

Timer Counter 1 Control Register

TC1CR LJ. 6 5 4 3 2 1 0
(000144) i e [scap1|  TCIS TCIcK oM |

(Initial value: *000 0000)

00: Timer

01: reserved
10: reserved
11: reserved

TCIM TC1 operating mode select

NORMAL1/2, IDLE1/2 mode SLOW,
DV7CK=0 DV7CK =1 SLEEP
DVICK=0|DVICK=1|DV1CK=0 [DVICK =1 mode
TC1CK | TC1 source clock select [Hz] 00 fe/2m fe/2 fs/2° fs/2° fs/2° write
01 fer27 fc/28 fc/2’ fc/28 - only
10 fc/23 fc/2° fc/ 23 fc/2* -
11 reserved

00: Stop & counter clear
01: Command start

10: reserved

11: reserved

TC1S TC1 start control

SCAP1 Software capture control 0: - 1: Software capture trigger

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

Note 2: Writing to the lower byte of the timer registers (TREG1A;), the comparison is inhibited until the upper
byte(TREG1Ap) is written. Only the lower byte of the timer registers can not be changed. After writing to
the upper byte, any match during 1 machine cycle (instruction execution cycle) is ignored.

Note 3: Set the mode, source clock when TC1 stops (TC1S = 00).

Note 4: SCAP1 is automatically cleared to “0” after capturing.

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

TREGTIA >0

Note 6: TCICR and TREGI1A are write-only registers and must not be used with any of the read-modify-write

instructions such as SET, CLR, etc.

Figure 2-18. Timer Registers and TC1 Control Register
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2.6.3 Function
Timer/counter 1 has a timer mode.

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

Table 2-4. Source Clock (internal clock) for Timer/ Counter 1 (Example: at fc =8 MHz, fs =32.768 kHz)
NORMAL1/2, IDLE1/2 mode

DV7CK=0 DV7CK =1
TC1CK DV1CK=0 DVICK =1 DV1CK =0 DVICK =1
Resolution Maximum Resolution Maximum Resolution Maximum Resolution Maximum
[us] time setting [us] time setting [4s] time setting [us] time setting
00 256.00 16.77 512.00 33.55 24414 16.0 24414 16.0
01 16.00 1.04 32.00 2.09 16.00 1.04 32.00 2.09
10 1.00 65.53 m 2.00 131.07.m 1.00 65.53 m 2.00 131.07m
SLOW, SLEEP mode
TC1CK | Resolution Maximum
[ 1s] time setting [s]
00 244.14 16.0
01 - -
10 - -

Example 1: Sets the timer mode with source clock fs/23 [Hz] and generates an interrupt 1 later (at
fs =32.768 kHz).
LDW (TREG1A), 1000H ; Setsthe timer register (1s+23/fs=1000y)
SET (EIRL). EF4 ;  Enable INTTC1
El
LD  (TC1CR),00010000B ; StartsTC1

Note: TC1CR is a wire-only register and must not be used with [SET(TC1CR).4]
instruction.

Example 2: Software capture
LD (TC1CR), 01010000B ; SCAP1 <« 1(Captures)
LD WA, (TREG1B) ;  Readsthe capture value

3-76-57 1999-12-14




TOSHIBA

TMP88CP76/S76

Source clock
Up-counter
TREG1A

INTTC1 interrupt

Source clock

Command start

JULTH Uyt

D ED €D € &5 HID T 0 0 80 ED 69 T ED &5 &5 6

Match detect kl-l, Counter clear

(a) Timer mode

Up-counter X m-2 X m-1 X m X m+1 X m+2 X :: X n-1 X X n+1 X
1
Capture Capture

TREG1B ? m n
SCAP1

(b) Software capture

Figure 2-19. Timer Mode Timing Chart
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2.7 16-bit Timer/Counter 2 (TC2)

2.7.1 Configuration

MPX TC2S
TC2 pin H
MPX
Window
fc/2%, fa/22 or £5/2™ »—»{ A clear
fe/2, fc/21;1 or fs/2: —>B Timer/ v 16-bit up-counter
fc/28 or 1¢/2° »—>|C event counter
fc/23 or fe/2* »—>|p Y clock
fc >—>|E
fs >—>|F match detect
fc/2 »—> GS
3
TC2S
TC2CK match detect control
TREG2 T T
TC2CR 16-bit timer register 2 TREG2H TREG2L

TC2 control register write strobe write strobe

|, INTTC2

interrupt

Figure 2-20. Timer/Counter 2 (TC2)
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2.7.2 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.

Timer Register 2

TREG2 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

(Oogégm) | . TREG2,; (00019 . g . TREG2, (00018} .
Write only
Timer Counter 2 Control Register
tom ol 8.5 4 3 2 1 0
0015, ... [T Tceck, | [1cam|  (nitial value: ++00 00+0)
TC2M TC2 0: Timer/ event counter mode
operating mode select 1: Window mode
NOR_MAL1/2, IDLE1/2 mode _ sLow | sLeep
DV7CK=0 DV7CK =1 mode | mode
DV1CK=0|DV1CK=1|[DV1CK=0 [ DV1CK=1
000 fc/2%3 fc/2% fs/2"® fs/2" fs/2' | fs/2'°
001 fc/2% fc/2" fs/2° fs/2° fs/2° | fs/2°
TC2ck | TC2 010 | fc/28 fer2° fe/28 fc/2° - - | write
source clock select [Hz] | 14 fc/23 /2 fc/23 fc/2° _ _ only
100 - - - - fc -
101 fs fs fs fs - -
110 - - - - fc/2 -
111 | External clock (TC2 pin input)
0: Stop and counter clear
TC2S | TC2start control 1+ Start

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

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

Note 3: Set the mode and source clock when the TC2 stops (TC2S =0).

Note 4: Values to be loaded to the timer register must satisfy the following condition.
TREG2 > 0 (TREG215 ¢, 77 > 0 at warm-up)

Note 5: “fc” and “fc/2” 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 such as SET, CLR, etc.

Figure 2-21. Timer Register 2 and TC2 Control Register
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2.7.3

Function

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

co

unter 2 is used for warm-up when switching from SLOW mode to NORMAL2 mode.

(1) Timer mode

In this mode, the internal clock is used for counting up. The contents of TREG2 are compared with the
contents of up-counter. If a match is found, a timer/counter 2 interrupt (INTTC2) is generated, and the
counter is cleared. Counting up is resumed after the counter is cleared.

Also, when “fc” is selected as the source clock during SLOW mode, the lower 11 bits of TREG2 are
ignored and an INTTC2 interrupt is generated by matching the upper 5 bits. Thus, in this case, only the
TREG2H setting is necessary.

Table 2-6. Source Clock (internal clock) for Timer/Counter 2 (at fc =8 MHz, fs =32.768 kHz)

NORMAL1/2, IDLE1/2 mode
DV7CK=0 DV7CK =1
TC2CK DV1CK=0 DVICK=1 DVI1CK=0 DVI1CK =1
} Maximum . Maximum . Maximum . Maximum
Resolution . . Resolution . . Resolution . . Resolution . .
time setting time setting time setting time setting
000 1.04 s 19.08 h 290 s 38.17 h 1 s 182 h 1 s 18.2 h
001 1.02 ms 67.10 s 2.04 ms 2.23 min 0.98 ms 1.07 min 0.98 ms 1.07 min
010 32 us 2.09 s 64.00 us 419 32 s 2.09s 64  us 4.19s
011 1 ©s 65.53 ms 2.00 us 131.07 ms 1 s 65.53 ms 2 us 131.07 ms
100 - - - - - - - -
101 30.5 us 2 s 305 us 2 s 30.5 us 2 s 30.5 us 2 s
110 - - - - - - - -
SLOW mode SLEEP mode
TC2CK . Maximum time . Maximum time
Resolution [s] \ Resolution [s] .
setting setting
000 1 s 18.2 h 1 s 18.2 h
001 0.98ms 1.07 min 0.98 ms 1.07 min
01* - - - -
100 125 ns(Note) - - -
101 - - - -
110 250 ns(Note) - - =
Note: fc and fc/2 can be used only in the timer mode. It is used for warm-up when switching from SLOW
mode to NORMAL2 mode.

Example: Setsthe timer mode with source clock fc/24 [Hz] and generates an interrupt every 25 ms

(atfc=8 MHz, DV1CK =1).
LDW (TREG2),30D4H ; SetsTREG2 (25 ms+24/fc=,30D4R)
SET  (EIRH).EF8 ;  Enables INTTC2 interrupt
El
LD (TC2CR), 00101100B ; StartsTC2
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(2) Eventcounter mode
In this mode, events are counted on the rising edge of the TC2 pin input. The contents of TREG2 are
compared with the contents of the up-counter. If a match is found, an INTTC2 interrupt is generated,
and the counter is cleared. The maximum frequency applied to the TC2 pin is shown in Table 2-7. Two
or more machine cycles are required for both the “H” and “L” levels of the pulse width.

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

LDW (TREG2), 640 ;  Sets TREG2
SET (EIRH).EF8 ; Enables INTTC2 interrupt
El

LD  (TC2CR),00111100B ; StartsTC2

Table 2-7. Timer/Counter 2 External Clock Source

Maximum applied frequency [Hz]
NORMAL1/2, IDLE1/2 mode SLOW, SLEEP mode
fc/2* fs/2¢

(3) Window mode
In this mode, counting up is performed on the rising edge of an internal clock during TC2 external pin
input(window pulse) is “H” level. 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.
The maximum applied frequency (TC2 input) must be considerably slower than the selected internal
clock.

Example: Generates an interrupt, inputting “H” level pulse width of 120 ms or more.
(atfc=8 MHz, DV1CK = 1)

LDW (TREG2), 003AH ;  Sets TREG2 (120 ms + 214/fc = 003AR)
SET (EIRH). EF8 ; Enables INTTC2 interrupt
El

LD  (TC2CR),00100101B ;  StartsTC2

TC2 pin input

I 1
1 1

Internalclock||||||||||||||||:||||||:||||||||||
| 1
1 [}

Up-counter 0 AT X2A A n-2 X XoXOX T A2 X3)

TREG2 X n 3
Match detect \|'|) Counter clear

L

INTTC2 interrupt

Figure 2-22. Window Mode Timing Chart
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2.8 8-bit Timer/Counter 4 (TC4)

2.8.1 Configuration

INT4ES

i

TC4S
D
fc/2", fc/2"2 or fs/23>—>{A
fc/2” or fc/28>—>|B Source clear
fc/2% or fc/2° >—>|C clock overfolw
Y —>| 8-BIT UP-COUNTER ’—D_‘
fc/2° or /25— E
fe/22)—>F
fc/2>—>{G
3/
TC4ACK
TFF4  TC4S TCAM
2 2
| TCACR | I TREG4 I
TC4 control register 8-bit timer register 4 INTTCA
interrupt

i

PWM
output
mode

TCAM,

Timer F/F4 PWN /PDO

TFF4

pin

Q—|>°—|:|

tioggle

clear

Note: MPX; Multiplexer
CMP ; Comparator

Figure 2-23. Timer/Counter 4 (TC4)
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2.8.2 Control
The timer / counter 4 is controlled by a timer / counter 4 control register (TC4CR) and an 8-bit timer

register 4 (TREG4). Reset does not affect TREGA4.

Timer Register 4

TREG4 7 6 5 4 3 2 1 0

(0001By) | Write only
Timer Counter 4 Control Register
TG4R 7 6 5 4 3 2 1 0
001CH) | 7rra  [rcack|TCas| Tcack TCAM | (initial value: 0000 0000)

00: Timer/event counter mode
. 01: reserved

TCAM TC4 operating mode select .
10: Programmable divider output (PDO) mode

11: Pulse width modulation (PWM) output mode

NORMAL1/2, IDLE1/2 mode SLOW,
DV7CK=0 DV7CK=1 SLEEP
DV1CK=0 DV1CK=1 DV1CK=0 DV1CK =1 mode
000 fe/2" fe/2% fs/23 fs/23 fs/23
TC4 source clock select [Hz] |001 fe/2’ fc/28 fe/27 fc/28 -
TC4CK | (in sequence from bit5,3,2) (010 fc/23 fc/24 fc/23 fc/24 = I \Write
011 | External clock (TC4 pin input)
100 fa2° fer2° fs/2° fs/2° —| o
101 fc/2? fc/22 fc/2? fc/2? -
110 fc/2 fc/2 fc/2 fc/2 -
111 fc fc fc fc -
0: Stop &clear clear
TC4S TCA4 start control
1: Start
00: Clear

. 01: reserved
TFF4 Timer F/F4 control
10: reserved

11: - Note 3

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

Note 2: Set the operating mode, the source clock selection, the edge selection (INT4ES) and timer F/F4 control when
the TC4 stops (TC4S =0)

Note 3: Set TFF4 to “11” in the timer and event counter mode and PWM mode.

Note 4: Values to be loaded to the timer register must satisfy the following condition.
(a) 5< TREG4< 251 in PWM output mode
(b) 0<TREG4 in others

Note 5: The source clock fc/2?, fc/2 and fc must be used in only PWM output mode.

Note 6: TC4CR and TREG4 are a write-only register and must not be used with any of the read-modify-write
instructions such as SET, CLR. etc.

Figure 2-24. Timer Register 4 and TC4 Control Register
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2.8.3 Function
The timer / counter 4 has four operating modes: timer, event counter, programmable divider output,

and PWM output mode.

(1) Timer mode
In this mode, the internal clock is used for counting up. The contents of TREG4 are compared with the

contents of up-counter. If a match is found, an INTTC4 interrupt is generated and the up-counter is
cleared to "0”. Counting up resumes after the up-counter is cleared.

Table 2-8. Source Clock (internal clock) for Timer/Counter 4 (Example: at fc =8 MHz, fs=32.768 kHz)

NORMAL1/2, IDLE1/2 mode
DV7CK=0 DV7CK =1
TCack DV1CK=0 : DV1CK =1 : DV1CK=0 : DV1CK=1 :
. Maximum . Maximum \ Maximum \ Maximum
Resolution . . Resolution . . Resolution . . Resolution . .
setting time setting time setting time setting time
[s] [s] [s] [s]
[s] [s] [s] [s]

000 256 65.28 m 512 130.56 m 24414 62.2m 244.14 62.2m
001 16 4.08m 32 8.16m 10.24 2.6m 20.48 52m
010 1 255 4 2 510 » 0.64 163.2 1.28 326 4
100 4 1.02m 8 2.04 » 2.56 653 4 5.12 1306 »

SLOW, SLEEP mode

TC4CK Resolution Ma_XImL_Jm
setting time
[ps]
[s]
000 244.14 62.2m
001 — —
010 — —
100 — —
(2) Eventcounter mode

In this mode, the TC4 pin input (external clock) pulse is used for counting up.

The contents of the TREG4 are compared with the contents of the up-counter. If a match is found, an
INTTC4 interrupt is generated and the counter is cleared. Counting up resumes after the up-counter is
cleared. The maximum applied frequency is shown in Table 2-12. Two or more machine cycles are

required for both the high and low levels of the pulse width.

Table 2-9. Timer/Counter 4 External Clock Source

Maximum applied frequency [Hz]

NORMAL1/2, IDEL1/2 mode SLOW, SLEEP mode
fc/24 fs/24
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(3) Programmable Divider Output (PDO) mode
The internal clock is used for counting up. The contents of TREG4 are compared with the contents of
the up-counter. If a match is found, the timer F/F4 output is toggled and the counter is cleared. Timer
F/F4 output is inverted and output to the P16 (PDO) pin. When programmable divider output is
executed, P16 output latch is set to “1"” and the output mode is configured. This mode can be used for
approximate 50% duty pulse output. Timer F/F4 can be initialized by program, and it is initialized to
“0” during reset. An INTTC4 interrupt is generated each time the PDO output is toggled.

Example: Output a 1024 Hz pulse (at fc =4.194304 MHz)

SET (P1).6 ;P16 output latch«1
LD  (P1CR), 01000000B ; P16 output mode
LD (TREG4), 10H ;o (171024 £ 27/c) +2=10Q

LD (TC4CR), 00010110B ; StatsTC4
Internal clock ||||||§‘||||||||§‘||||||||§;||||||||§;||||

Up-counter 0% 1 X 2 X o XROX 1 X 2 X XK1 X2 X AKOX T X 2 X XXX

TREG4 :X n i i {L {L
Match detect

Timer F/F4

PDO pin output

INTTC4 interrupt " " " "

Figure 2-25. PDO Mode Timing Chart

(4) Pulse Width Modulation (PWM) output mode

PWM output with a resolution of 8 bits is possible. The internal clock is used for counting up. The
contents of TREG4 are compared with the contents of up-counter. If a match is found, the timer F/F4
outputistoggled. Counting up resumes. And, when an overflow occurs, the timer F/F4 output is again
toggled and the counter is cleared. Timer F/F4 output is inverted and output to the P16 (PWM) pin.
When pulse width modulation output is executed, P16 output latch issetto “1”. An INTTC4 interruptis
generated when an overflow occurs.

TREG4 is configured a 2-stage shift register and, during output, will not switch until one output cycle is
completed even if TREG4 is overwritten; therefore, output can be altered continuously. Also, the first
time, TREG4 is shifted by setting TC4S (bit 4 in TC4CR) to “1” after data are loaded to TREGA4.

Note: Do not rewrite the contents of TREG4 at only an INTTC4 interrupt generation cycle. The
contents of TREG4 is rewritten by the INTTC4 interrupt service routine.
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Internal clock

Up-counter

TREG4

Timer F/F4

PWM pin output

interrupt

INTTC4

\

l Overwrit\e{ I

3 Yol
A

1

1 cycle

Figure 2-26. PWM Output Mode Timing Chart

Table 2-10. PWM Output Mode (Example: fc=8 MHz, fs=32.768 kHz)

NORMAL1/2, IDLE1/2 mode
DV7CK =0 DV7CK =1
TC4ACK DV1CK=0 DVICK =1 DV1CK=0 DV1CK =1
Resolution | Repeatcycle | Resolution | Repeatcycle | Resolution | Repeatcycle | Resolution | Repeat cycle

[ns] [s] [ns] L] [ns] [s] [ns] [s]
000 256 us 65.5ms 512 us 131.0ms 2441 us 62.5ms 2441 us 62.5ms
001 16 us 4.09ms 32 us 8.19ms 16 us 4.09 ms 32 us 8.19ms
010 15 256 2 us 512 1 us 256 2 us 512
100 4 us 1.02 us 8 us 2.04ms 4 us 1.02 us 4 us 1.02 us
101 500 128 500 128 500 128 500 128
110 250 64 250 64 250 34 250 64
111 125 32 125 32 125 32 125 32
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2.9 Extended Timer-Counter (ETC1)
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2.9.2 Control
Extended timer-counter 1 is controlled by the following registers.
The following shows the structure of the registers. Pay special attention to Notes 1to 4.

Extended timer registers
These 16-bit timer register set and record the ETC1 counter values.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
ETREG1 ETREG1y (00F9FH) | . . . ETREG1, (00F9EH) | . |

(OOF9E, F9F,) L 1 - —
Write-only (Initial value: 0000 0000 0000 0000)

Note 1: On writing to the lower byte of the timer register, the value is not set in the counter until a write to
the upper byte. Writing to the lower byte only is not possible. A one-machine cycle wait is
generated after writing to the upper byte.

Note 2: ETREG1 is write-only register and must not be used with any of the read-modify-write instructions
such as SET, CLR, etc.

Note 3: Writing FFFF to the timer register generates an immediate interrupt request signal.

Extended timer control registers
These register set the ETC1 operating modes.

7 6 5 4 3 2 1 0

EcR  [Ems | i [ETies | ETICK | (nitial value: 0x+ 0000)

(OOFQBH) ......................................

0: Stop
ET1S ETREG1 start control 1+ Start command
Count edge selection for event counter | 0: Rising
ET1ES .
mode 1: Falling
NORMAL1/2or SLOW or SLEEP
IDLE1/2 modes modes
000 /22 Ts/ 22 RIW
001 fc/23 fs/23
ET1CK _ 010 fc/24 fs/24
ETC1 source clock selection 011 fc/25 fs/25
100 fc/26 fs/26
101 fc/27 fs/27
110 reserved reserved
111 | External clock (event counter mode)

*; Don’tcare

Timer channel enable register
This register specifies whether to use the capture input control or match detection control.

7 6 > 4 3 2 LA 0 .
TMEN  |[ENo1 [ Enoo [ Enit | Enio | é i : © (Initial value: 0000 *x%)

(00FIC,) b

. 0:Disable

ENIO I1CO capture input control 1:Enable

. 0:Disable

ENI1 IC1 capture input control 1:Enable

- R/W

ENOO OCO0 match detection control 0: Disable

1:Enable

ENO1 OC1 match detection control 0 Disable

1:Enable

Note: When used as the output compare NOP mode, the ENOi should be setto “1”. (i=1,0)

Figure 2-28. Extended Timer-Counter 1 Register (1/3)
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Capture / Compare mode register
This register specifies the operating modes for the input capture channels.

7 6 5 4 3 2 1 0

™D [ i IMO " i o (Initial value: 0000 **00)

(OOFgDH) .......................

00: Detectsrising edges
01: Detects falling edges

IMi ICi capture edge control 10: Detectsrising or falling (either) edges
11: reserved
R/W
00: NOP, output unchanged (steady output)
01: 1output
OMO OCO output F/F control 10: 0output

11: Toggel output (outputinvreted)

Note 1:i=1to0

Note 2: When writteng to 16-bit registers, always write the lower byte first, followed by the upper byte.

Note 3: When reading from 16-bit registers, always read the lower byte first, followed by the upper byte.

Note 4: Always set bit 3 and 2 in TMD to "0”.

Note 5: When the OMi used as NOP mode, the compare output pin can be used as normal I/O ports. The ENOi of
TMEN should be set to “1” in case.

Capture registers
These 16-bit registers record the time when a capture pin input changed.
Channels ICO and IC1 have two registers each.

Channel Capture registers
1Co ICROA (0OFB8, 00FB9},), ICROB (00FBA, 00FBBy)
11 ICR1A (00FBC, 00FBDy), ICR1B (OOFBE, O0FBFy)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ICROA . ICROAy (00FB9y) . | | . ICROA| (00FBS,) . |

(0OFBS, FB9y) L
Read only (Initial value: 0000 0000 0000 0000)

15 14 13 12 1 % 9 8 7 6 5 4 3 2 1 0
ICROB . ICROBy (O0FBBy) . . ICROB_(00FBA) . |

(OOFBA, FBBy) :
Read only  (Initial value: 0000 0000 0000 0000)

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

(00FBC lg;g:\) . . ICR1A, (00FBDy) | . | . . ICR1A_ (0OFBCy) . |

Read only  (Initial value: 0000 0000 0000 0000)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ICR1B . ICR1By (OOFBF}) . | . . ICR1B_ (O0FBE}) . |

(OOFBE, FBFy) L
Read only  (Initial value: 0000 0000 0000 0000)

Note: On reading the registers, the lower byte read operation latches the buffer value. Therefore, always
read the lower byte first followed by the upper byte.

Figure 2-28. Extended Timer-Counter 1 Register (2/3)
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Compare registers
These 16-bit registers set the time at which to change the compare pin output. Each channel has one register.

Channel Compare register
0Co OCRO (00FB4, 00FB5})
oc1 OCR1 (00FB6, 00FB7})
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OCRO (0OFB5) . | . _ OCROL(0OFB4y) . |
Read/Write (Initial value: 0000 0000 0000 0000)

OCRO
(00FB4, FB5L)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OCR1y (00FB7yy) . [ . OCRI_(00FB6y) |

Read /Write (Initial value: 0000 0000 0000 0000)

OCR1
(00FB6, FB7y)

Note 1: On writing to the byte of a compare register, the data value is not set until a write to the upper byte.
Writing to the lower byte only is not possible. A one-machine cycle wait is generated after writing to
the upper byte.

Note 2: On reading the registers, the lower byte read operation latches the timer-counter value. Therefore,
always read the lower byte first followed by the upper byte.

Note 3: The OCR1 does not have a output pin. Therefore, the compare output is not possible.

The OCR1 can use only interrupt of match detection. That case, always write “1” to bit 7 in TMEN.

Figure 2-28. Extended Timer-Counter 1 Register (3/3)

2.9.3 Outline
TMP88CP76/576 each have three internal 16-bit timer-counter channels (TC1, TC2, ETC1). The following is
an outline of the extended timer (ETC1).

(1) Free-running timer mode and event counter mode
The ETC1 timer-counter has two operating modes: free-running timer mode and event counter mode.
Free-running timer mode counts up on an internal clock generated by a dedicated prescaler. Event
counter mode counts up on input from the ETC1 (P02) pin.

Table 2-11. Free-Running Mode and Event Counter Mode (When fc =8 MHz, fs =32.768 kHz)

Resolution
Count clock Edge
(fc) (fs)
Free-running timer Internal clock Rising edge 500nsto 16 us 1225 t0 3.906 ms
Event counter mode ETC1 pin Rising or falling 1us or more 244 s or more

(2) Input capture function and output compare function
ETC1 has two input capture pin channels (P03 (IC0) and P02 (IC1)) and a output compare pin channels
(P04 (OCO0)). Each channel can be used as a standard input/ output port when not being used by ETC1.

Table 2-12. Input Capture Function and Output Compare Function

Pin Function Resolution Data register
Input capture mode P03 Rising edge Depends on Two for P03 and P02
P02 Falling edge specified timer
Either edge
Output compare mode P04 Outputs 1 One per channel
Outputs 0
Inverts output
No change
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2.9.4 Outline of timer modes
ETC1 has two operating modes: free-running timer mode and event counter mode.

(1) Free-running timer mode
This mode counts up on an internal clock. When the counter value reaches FFFFH, an INTET1/INTET2
interrupt is generated. This does not halt the count.
The ET1CK bit of the extended timer-counter 1 control register (ET1CR) selects the source clock. Setting
ET1CK to 111B sets event counter mode.
To generate an interrupt after a specific number of counts, subtract the desired count from FFFFH and
set in extended timer register 1 (ETREG1). To clear the counter, write 0000H. When writing to the
ETREG1, write the lower byte first, followed by the upper byte. As the trigger for the counter to load
the data value is the completion of the write to the upper byte, writing the lower byte only does not
load the data value. After a write to the upper byte, a one-machine cycle wait is generated before the
count starts.
ETREG1 is write-only register and must not be used with any of the read-modify-write instructions such
as SET, CLR, etc.

Example 1: Generate an ETC1 interrupt after 4s using the fs/ 22 source clock. (fs =32.768 kHz)

LD (ET1CR), 00000000B ; stopsthe counter, sets the source clock to fs /22
LDW (ETREG1), O7FFFH ; setsthe timerregister (4s + 122 us =07FFFH)
SET (EIRH).EF12 ; enablesinterrupt INTET1

El

SET (ET1CR).7 ; starts ETC1

Example 2: Generate an ETC1 interrupt after 256 us using the fc/ 23 source clock.
(fc=8 MHz, DV1CK = 0)

LD (ET1CR), 00000001B ; stopsthe counter, sets the source clock to fc/ 23
LDW (ETREG1), OFEFFH ; setsthe timer register (OFFFFH — 100H)

SET (EIRH) .EF12 ; enablesinterrupt INTET1

El

SET (ET1CR).7 ; starts ETC1

ET1S —I I—l -
ETREG1 n n

write signal

ETREG1

INTET1 |_|

T T

ET1CR Write 0 to Stop counter Counter overflow
Set free-running mode, ETREG1 Write 0 and interrupt generated
start countup Note: ET1Sisabitof ETICR.

Figure 2-29. Example of Free-Running Mode Operation
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Table 2-13. ETC1 Internal Clock Source (Example: When fc =8MHz, fs =32.768 kHz)

(2) Eventcounter mode

NORMAL1/2 or IDLE1/2 modes SLOW mode or SLEEP modes
FTicK Resolution Max. setting time Resolution Max. setting time
000 500 ns 32.77 ms 122.0 us 8s
001 1ns 65.54 ms 2441 us 165
010 2 us 131.07 ms 488.3 us 32s
011 4 us 262.14 ms 976.6 s 64s
100 8 us 524.29 ms 1.953 ms 128s
101 16 us 1.05s 3.906 ms 256
110 - - - -
Note: ETI1CK is the ETC1 source clock setting bit.

Event counter mode counts up on an edge input to the ETC1 pin. ET1CK=111B sets event counter
mode. When used as ETC1 (P02), the P02 latch must be setto “1”.
This mode functions the same as free-running mode, except that the source clock changes from an

internal clock to a pin input.

The maximum applied frequency is f¢/23 [Hz] in NORMAL 1/2 or IDLE 1/2 mode and fs/23 [Hz] in SLOW
or SLEEP mode. Therefore, the external clock of two machine cycle or less is not guaranteed.

Example 1: Generate an interrupt after counting 100 (64H) rising edges on the ETC1 pin.

SET
LD

LDW
SET
El
SET

(PO write). 2

(ET1CR). 7

; sets P02 (ETC1) output latch to “1”

(ET1CR), 00000111B ; stops the count, sets rising edge, sets ungated
event counter mode

(ETREG1), OFF9BH ; setsthe timer register (OFFFFH to 0064H)

(EIRH). EF12

; enables INTET1 interrupt

; starts ETC1

3-76-73
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[(Q (¢ (I (¢

ETIS of ETICR | o R

Signal sampled from : S S SS
ETC1 input every _I_L._I_I_I_I S—l w I_l_
machine cycle I I—I I—I

: ( (¢
. FFFE X FFFF \ 0 A 1 ; E('FFFEX FFFF
ETREG1 f : m

INTET1 interrupt § £ ! l % 15 |_|—

g dada
= =R=
-

1

1 1 1 1

Set ET1S of ET1CR Overflow Counting continues Overflow
Start event interrup interrupt generated
counter mode t generated

(a) Interrupt generated after detection of FFFF event counts

ETIS of ET1CR I 5 5

Signal sampled from
ETC1 input every

machine cycle I I_I I_I I_I_‘S SSI_I_

: § 5
©  FFAD FFAE X FFAF X FFBO FFFE X FFFF
ETREG1 / : A A A § S A
INTET1 interrupt L ) .
T T T T
Set FFADy Start event Start countup  Counting continues Overflow
in ETREG1 counter mode interrupt generated

(b) Interrupt generated after detection of 52 event counts

Figure 2-30. Example of Event Counter Mode Operation (ETC1 Rising Edge Detection)
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2.9.5 Pin Functions

(1) Channel pin
ETC1 has two input capture (IC) pin channels (P03 (IC0) and P02 (IC1)), and a output compare (OC) pin
channels (P04 (OC0)).
Use the timer channel enable register (TMEN) to select whether to use a pin as an ETC channel pin or as
a standard I/0 port.
When using a pin as an ETC channel pin, be sure to set the output data latch in PO write.
For example, when using P04 as OCO, set PO write (PO write, bit 4) to 1.

(2) Inputcapture function
This function can be used to measure such parameters as pulse width, period, and duty.
The function loads the timer value into the capture register at the capture input change timing.
The capture input circuit has an internal digital noise canceller circuit. Inputs shorter than a maximum
of fc/ 6 may be interpreted as noise and not be accepted as an input signal. Therefore, the width of
the capture input must always be longer than fc/6.
Since this mode loads the timer value to the capture register after the capture input is sampled by the
fc/ 4 sampling clock, a detection delay of between fc/2 (min.) and fc/ 6 (max.) occurs.
The timer value is loaded into capture register iA (ICRiA) when the first edge is detected and an
interrupt generated. Further capture operations are disabled until ICRiA is read. Always read the
lower byte of the ICRIA register first, followed by the upper byte.
ICO, IC1 shift the ICRiA value (at previous edge detection) to ICRiB when the next edge is detected, load
the timer value (at current edge detection) to ICRiA, and generate an interrupt.
Since the timer continues to count up if an overflow occurs before edge detection, the capture

operation proceeds as normal. Note:i=0, 1
<fc>
pasicaock ] LI LI LT LT LT LT LT LI L LI L
(fc) : fc/2? :

ETREG1 :

Source clock _I—I I_I I—I

ETREG1 :X n X n+1 X n+2
I1CO _I (Note 1)

fc/a

e T N
B N - 1

Ico I
Shift value : /6
ICO I w
Load signal
/ n+1
ICOA

Note: The ICinputsampling clock is fc/ 4 regardiess of the source clock.

Figure 2-31. Example of Capture Function Sampling
(Capture 0 Rising Edge Detection, ETREG1 Source Clock =fc/22)
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ETREG1
counter value n-1 X n Xn+1Xn+2Xn+3Xn+4Xn+5Xn+6Xn+7Xn+8Xn+9
o — !
ICROA / A nt>
ICROB : i A
ICROA I_I I_I
read signal : :
INTICO I_I I_l
interrupt : :

T T

1st event detected 2nd event detected

Figure 2-32. Example of Capture Mode Operation (Channel 0 Either-Edge Detection)

Example 1: Detect rising or falling edges on I1CO.

SET (PO write). 3 ; sets P03 output data latch to 1"
LD (TMD), 20H ; sets1CO to either-edge detection
SET (TMEN). 4 ; sets P03 to capture mode (ICO)
Example 2: Measure the width of positive pulses on IC1.

SET (PO write). 2 ; sets P02 to input
LD (TMD), 00H ; setsIC1to rising edge detection

LP: TEST ILE.1 ; waits for IC1 rising edge detection (sets IL17)
JR T,LP
LD (ILE), FDH ; clearsIL17
LD L, (ICR1AL) ; readsICR1A
LD H, (ICR1AH)
LD (TMD), 40H ; setsIC1 to falling edge detection

LP2: TEST ILE.1 ; waits for IC1 falling edge detection (sets IL17)
JR T, LP2
LD A, (ICR1AL)
LD W, (ICR1AH)
SUB WA, HL ; calculates pulse width, stores in WA register
LD (ILE), OFDH ; clearsIL17
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(3) Output compare mode
This mode can set the output to any desired level at any desired timing. Bit OMO0 of the compare mode
register (TMD) selects the output mode. The modes are 1 output, 0 output, toggle output, and NOP.
The compare register (OCRO0) is used to set the output change timing. Always write to the lower byte
of OCRO first, followed by the upper byte. Since the trigger for OCR0 to load the data value is the
completion of the write to the upper byte, writing the lower byte only does not load the data value.
A match between the values of the selected timer and OCRO outputs the mode setin OMLO to P04.
The timer generates an interrupt request (INTOCO) after performing the output change operation.
Further output compare operations are disabled until writing to the upper byte of OCR0O completes.
However, writing 0 to ET1S enables another compare operation.
If the output mode is NOP, an interrupt only is generated when the set time is reached and the output
value does not change. This can be used as a time-set interrupt with no change in the output.
When OMO = 11, the output value inverts.

Egsgfelvalue n-6 Xn—5Xn—4Xn—3Xn—2Xn—1X n Xn+1Xn+2Xn+3Xn+4

OCRO "
0Co |
INTOCO I I
interrupt :

T
Timer match, output change
set status, generate interrupt

(a) OCORISE mode

counter value

ETREG1 n-6 Xn-5Xn-aXn-3Xn-2Xn-1X n Xn+1 Xn+2 Xn+3 Xn+4

OCRO n

0cCo

INTOCO |_|

interrupt

T
Timer value match, no output change
set status, generate interrupt

(b) OCO0 NOP mode

Figure 2-33. Example of Compare Mode Operation
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Example 1: Change the output of OCO from 0 to 1 when ETREG1 =0C80H (1 output mode).
SET (PO write). 4 ; sets P04 output data latch to “1”

LD (TMD), 01H ; sets OCOto 1 output
LD (OCRO), 0C80H ; sets output change time
LD (TMEN), 40H ; sets P04 to compare mode (OCO0)

Example 2: Change OCO output from 0 to 1 when ETREG1 = 0C80H (toggle output mode).

SET (PO write). 4 ; sets P04 output data latch to 1"
LD (TMD), 03H ; sets OCO to toggle output
LD (OCRO0), 0C80H ; sets output change timing
LD (TMEN), 40H ; sets P04 to compare mode (OCO0)
Example 3: Output pulses from OCO with a 0 width of 100 xs and a 1 width of 200 ws.
(fc=8 MHz, DV1CK =0)
LD (ET1CR), 02H ; setssource clock to fc/23 (1 us)
LDW (ETREG1), 0000H
LDW BC, 064H ; sets 0 width setting time (100 s)
LDW DE, 0C8H ; sets 1 width setting time (200 us)
LD WA, 064H
SET (PO write). 4 ; sets P04 output data latch to “1”
LD (TMD), 03H ; sets OCO to toggle output
LD (OCRO0), BC ; sets 0-to-1 output change time
LD (TMEN), 40H ; sets P04 to compare mode (OCO0)
SET (ET1CR). 7 ; starts ETC1
00UT:
ADD WA, DE ; sets 1-to-0 output change time
LP: TEST ILE.2 ; waits for OC0 1-to-0 change (sets IL18)
JR T, LP
LD (ILE), OFBH ; clearsIL18
LD (OCROL), A ; sets 1-to-0 output change time
LD (OCROH), W
10UT:
ADD WA, BC ; sets 0-to-1 output change time
LP2: TEST ILE.2 ; waits for OC0 0-to-1 change (sets IL18)
JR T,LP
LD (ILE), OFBH ; clearsIL18
LD (OCROL), A ; sets 0-to-1 output change time
LD (OCROH), W
JP oouT
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2.9.6 Interrupts
The timer block has a total of five interrupt requests: one extended timer interrupts (INTET1), two input
capture pin interrupts (INTICO and INTIC1), and two output compare pin interrupts (INTOCO and INTOC1).

(1) INTET1
Generated on counter overflow. The counter continues counting up after the overflow.

(2) INTICO and INTIC1
Input capture pin interrupts
The interrupt is generated when the timer value is loaded to the capture register at edge detection.

(3) INTOCO and INTOC1
Output compare pin interrupts
The interrupt is generated at a match between the compare register and timer value.
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2.10 Serial Bus Interface (SBI-ver.C)

The TMP88CP76/576 each have a 1-channel serial bus interface which employs a clocked-synchronous 8-
bit serial bus interface and an 12C bus (a bus system by Philips).
The serial bus interface is connected to an external device through P00 (SDA) and P01 (SCL) in the I2C bus
mode; and through P02 (SCK3), P00 (SO3) and P01 (SI3) in the clocked-synchronous 8-bit SIO mode.

The serial bus interface pins are also used for the PO port. When used for serial bus interface pins, set the

PO output latches of these pins to

u 1 u

register. When not used for serial bus interface pins, the pin is used as a normal I/O port.

2.10.1 Configuration

, and control inputs and outputs of these pins by the I/O control

—> INTSBl interrupt

—] Po2

(SCK3)

—] po1

(SDA/SO3)

—] poo

(SCL/SI3)

SBI status register

address register

buffer register

SCL
¢ | SCK3
SIO
clock Input/
control |« output
T * control
fc/&>—| Divider
> SI0 503
l Transfer
control WA _| data control SI3
12C bus N—————
clock circuit
Noise sy:c. ™ 7~ i
—>| rejection [ Control )
circuit Shift 12C bus .
register data control Noise
9 < rejection [<> SDA
A~ T circuit ?
N7 |
SBICR2/
SBISR 12CAR SBIDBR SBICR1
SBI control register 2/ 12C bus SBl data SBI control register 1

2.10.2 Control
The following registers are used to control the serial bus interface and monitor the operation status.

Figure 2-34. Serial Bus Interface (SBl-ver.C)

® Serial bus interface control register 1 (SBICR1)
® Serial bus interface control register 2 (SBICR2)
® Serial bus interface data buffer register (SBIDBR)
® 12C bus address register (I2CAR)
® Serial bus interface status register (SBISR)

The above registers differ depending on an mode to be used. Refer to Section “2.10.4 12C bus mode
control” and “2.10.6 Clocked-synchronous 8-bit SIO mode control”.
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2.10.3 The data format in the 12C bus mode
The data format in the I2C bus mode are shown in figure 2-35.

(a) Addressing format

8 bits 1 [«—1to 8 bits ——{ 1 [«—1t0 8 bits——>{ 1
T T T 1T rla A A
S| Slave address /¢ Data C Data Cc|P
W| K K K
1 1 or more
(b) Addressing format (with restart)
8 bits 1 [<—1to 8 bits 1 8 bits 1 |<—1to 8 bits——{ 1
IF'TTTTT TRr[A A I'TTTTTTRrlA A
S| Slave address /¢ Data C|S | Slave address /¢ Data c|P
W[ K K W| K K
1 1 or more 1 1 or more —>
(¢) Free data format
8 bits 1 [<«—1 10 8 bits —>{ 1 |<—1 to 8 bits —>| 1
IF'TTTTTT A A A
S Data C Data C Data clp
K K K
1 1 or more

Notes: S ; Startcondition
R\W; Direction bit
ACK; Acknowledge bit
P , Stopcondition

Figure 2-35. Data Formatin IC bus Mode
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2.10.4 12C bus mode control
The following registers are used to control the serial bus interface (SBl-ver.C) and monitor the operation
status in the 12C bus mode.

Serial Bus Interface Control Register 1

SBICR1 7 6 5 4 3 2 1 0
(00020, | " BC | [ Ack bwrsT] [SCK | | (Initial value: 0000 0000)
ACK=0 ACK=1
BC Number of - Number of -
Clock Bits Clack Bits
000 8 8 9 8
001 1 1 2 1 .
Write
BC [ Number of transferred bits 010 2 2 3 2 only
011 3 3 4 3
100 4 4 5 4
101 5 5 6 5
110 6 6 7 6
111 7 7 8 7
e 0: Acknowledge not returned to transmitter. Read/
ACK | Acknowledge mode specification . Writ
1: Acknowledge returned to transmitter. riee
0: - Read/
SWRST | Initiate a internal of SBI .
1: Initialized (Clearing “0" after initialized) Write
000: 200.0kHz )
001: 111.1kHz
010: 58.8 kHz
: . fc=8 MH L pi Wri
sck | serial clock selection 011 30.3kHz > atfc=8MHz (Outputon SCL pin) rllte
100: 15.4 kHz only
101: 7.75 kHz
110: 3.89 kHz J
111: reserved

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

Note 2: Set the BC to “000” before switching to 8-bit SIO bus mode.

Note 3: SBICR1 is write-only registers, which cannot be used with any of read-modify-write instruction such as bit
manipulation, etc.

Serial Bus Interface Data Buffer Register

SBIDBR 4 5 1
SRDER | 7 6 5 3 0

| Read / Write
1 ! I 1 1 1 1

Note 1: For writing transmitted data, start from the MSB (bit 7).

Note 2: Cannot read the data which was written into SBIDBR, since a write data buffer and a read data buffer are
independent in SBIDBR. Therefore, SBIDBR cannot be used with any of read-modify-write instructions such as
bit manipulation, etc.

Note 3: The data which was written into SBIDBR is cleared to “0” when INTSBI is generated.

12C bus Address Register

7 6 5 4 3 2 1 0

12CAR Slave address AL -
(000221) | sp6 | sA5 | sA4 | SA3 | SA2 |SAT | SAO > (Initial value: 0000 0000)
SA TMP88CP76/576 slave address selection .
Address recognition mode 0: Slave address recognition Write
ALS P " only
specification 1: Non slave address recognition

Note: [2CAR is write-only register, which cannot be used with any of read-modify-write instruction such as bit
manipulation, etc.

Figure 2-36. Serial Bus Interface Control Register 1, Serial Bus Interface Data Buffer Register and I2C bus
Address Register In The 12C bus Mode
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Serial Bus Interface Control Register 2

SBICR2 7 6 5 4 3 2 ____T__O___I
(00023y) | MST | TRX | BB | PIN | SBIMI 0" 10" 1 (Initial value: 0001 00*%)
MST | Master/slave selection 0: Slave
1: Master
TRX | Transmitter/ receiver selection 0: Receiver
1: Transmitter .
- - — Write
BB | Start/stop generation 0: Stop condition only
1: Start condition
PIN | Cancel interrupt service request 0: - (cannotbe clearedto “0")
1: Cancel interrupt service request
00: Port mode (serial bus interface output disable)
Serial bus interface operating mode 01: Clocked-synchronous 8-bit SIO mode
SBIM . 2
selection 10: 1°Cbus mode
11: Reserved

Note 1: * ; Don’t care

Note 2: Switch a mode to port after confirming that the bus is free.

Note 3: Switch a mode to 12C bus mode after confiming that input signals via port are high level.

Note 4: SBICR2 has write-only register bits, which can not be used with any of read-modify-write instructions such as
bit manipulation, etc.

Note 5: Clear bits 1 and 0 in SBICR2 to "0”.

7 6 5 4 3 2 1 0

seisR [msT [ TRx | BB | PIN | AL [ AAs | ADo | Lrs | (Initial value: 0001 0000)
(000234)
MST | Master/slave selection status monitor | 0: Slave
1: Master
TRX | Transmitter/ receiver selection status | 0: Receiver
monitor 1: Transmitter
BB Bus status monitor 0: Bus free
1: Bus busy
PIN |Interrupt service request status 0: INTSBI occurs
monitor 1: INTSBI not occurs Read
- - only
AL | Arbitration loss detection monitor 0: Arbitration loss undetected
1: Arbitration loss detected
AAS | Slave address match detection monitor | 0: Slave address unmatch or “GENERAL CALL”

undetected
: Slave address match or “"GENERAL CALL" detected

: "GENERAL CALL" undetected
: “GENERAL CALL"” detected

: Last received bit “0”
: Last received bit “1"

ADO | “GENERAL CALL" detection monitor

LRB Last received bit monitor

O |= o=

Figure 2-37. Serial Bus Interface Control Register 2 and Serial Bus Interface Status Register In The 12C bus
Mode

3-76-83 1999-12-14




TOSHIBA TMP88CP76/576

(1) Acknowledge mode specification
Set the ACK (bit 4 in SBICR1) to “1” for operation in the acknowledge mode. The TMP88CP76/576
generates an additional clock pulse for an acknowledge signal when operating in the master mode. In
the transmitter mode during the clock pulse cycle, the SDA pin is released in order to receive the
acknowledge signal from the receiver. In the receiver mode during the clock pulse cycle, the SDA pin is
set to the low level in order to generate the acknowledge signal.
Reset the ACK for operation in the non-acknowledge mode. The TMP88CP76/S76 do not generate a
clock pulse for the acknowledge signal when operating in the master mode.
In the acknowledge mode, the TMP88CP76/576 counts a clock pulse for the acknowledge signal when
operating in the slave mode. During the clock pulse, when the received slave address is the same as the
value set at the I2CAR or when a GENERAL CALL is received, the SDA pin is set to the low level in order
to generate the acknowledge signal.
In the transmitter mode during the clock pulse cycle after matching the slave addresses or receiving a
GENERAL CALL, the SDA pin is released in order to receive the acknowledge signal from the receiver.
In the receiver mode during the clock pulse cycle, the SDA pin is set to the low level in order to
generate the acknowledge signal.
In non-acknowledge mode, the TMP88CP76/576 does not count a clock pulse for the acknowledge
signal when operating in the slave mode.

(2) Number of transfer bits
The BC (bits 7 to 5in SBICR1) is used to select a number of bits for transmitting and receiving data.
Since the BCis cleared to “000” as a start condition, a slave address and direction bit transmissions are
always executed in 8 bits. Other than these, the BC retains a specified value.

(3) Serial clock
a. Clock source
The SCK (bits 2 to 0 in SBICR1) is used to select a maximum transfer frequency output from the SCL
pin in the master mode.
In both master mode and slave mode, a pulse width of at least 4 machine cycles is required for both
high and low levels.

l«—1tHiGH tLow —> 1/fscl
SCK n
(bits 2to 0 in the SBICR1)
tLow =2"fc 000 4
001 5
thigH = 2"/fc + 8/fc 010 6
011 7
fscl = 1/(tLow + thigH) 100 8
101 9
Note: fc ; High-frequency clock 110 10

Figure 2-38. Clock Source
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b. Clock synchronization

In the 12C bus mode, in order to drive a bus with a wired AND, a master device which pulls down a
clock pulse to low will, in the first place, invalidate a clock pulse of another master device which
generates a high-level clock pulse. The master device with a high-level clock pulse needs to detect
the situation and implement the following procedure.

The TMP88CP76/S76 have a clock synchronization function for normal data transfer even when
more than one master exists on a bus.

The example explains clock synchronization procedures when two masters simultaneously exist on a
bus.

SCL pin (Master 1)

SCL pin (Master 2)

SCL (Bus)

' 1

! 1

1 L

| wait ! Count start \
: | )
' 1

( \Cou nt reset

Count reset

L/.w Q

O -

(4)

Figure 2-39. Clock Synchronization

As Master 1 pulls down the SCL pin to the low level at point “a”, the SCL line of the bus becomes the
low level. After detecting this situation, Master 2 resets counting a clock pulse in the high level and
sets the SCL pin to the low level.

Master 1 finishes counting a clock pulse in the low level at point “b”and sets the SCL pin to the high
level. Since Master 2 holds the SCL line of the bus at the low level, Master 1 waits for counting a
clock pulse in the high level. After Master 2 sets a clock pulse to the high level at point “c¢” and
detects the SCL line of the bus at the high level, Master 1 starts counting a clock pulse in the high
level.

The clock pulse on the bus is deteminded by the master device with the shortest high-level period
and the master device with the longest low-level period from among those master devices
connected to the bus.

Slave address and address recognition mode specification

When the serial bus interface circuit is used with an addressing format to recognize the slave address,
clear the ALS (bit 0 in I2CAR) to “0”, and set the SA (bits 7 to 1 in I2CAR) to the slave address.

When the serial bus interface circuit is used with a free data format not to recognize the slave address,
setthe ALSto “1”. With a free data format, the slave address and the direction bit are not recognized,
and they are processed as data from immediately after start condition.

(5

Master /slave selection

Set the MST (bit 7 in SBICR2) to “1” for operating the TMP88CP76/576 as a master device.
Reset the MST for operation as a slave device. The MST is cleared to “0” by the hardware after a stop
condition on the bus is detected or arbitration is lost.
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(6) Transmitter/receiver selection
Set the TRX (bit 6 in SBICR2) to “1” for operating the TMP88CP76/S76 as a transmitter. Reset the TRX
for operation as a receiver. When data with an addressing format is transferred in the slave mode, the
TRX is set to “1“ if the direction bit (RAW) sent from the master device is “1“, and is cleared to “0” if the
bitis “0”. In the master mode, after an acknowledge signal is returned from the slave device with the
hardware, the TRX is set to “0” if a transmitted direction bitis “1”, and setto “1” if itis “0”. When an
acknowledge signal is not returned, the current condition is maintained.
The TRX is cleared to “0” by the hardware after a stop condition on the bus is detected or arbitration is
lost.
The following table shows TRX changing conditions and TRX value after changing.

Mode Direction bit Conditions TRX after changing
Slave mode 0 When the received slave address is the 0
1 same as [2CAR 1
Master mode 0 When the ACK signal is returned 1
1 0

When the serial bus interface circuit is used with a free data format, the TRX is not changed by
hardware since the slave address and the direction bit are not recognized, and they are processed as
data from immediately after start condition.

(7) Start/stop condition generation
A start condition and 8-bit data are output on the bus by writing “1” to the MST, TRX and BB when the
BB (bit 5 in SBICR2) is “0”. It is necessary to set the transmitting data to the data buffer register and
“1" to ACK beforehand.

r-=—-1
1
[}
[}

SCL pin 1 2 3 4 5 6 7 8 9 .

sDApin T\ 1 /a6 X A5 X a2 X a3 X a2 X a1t XA X rw /
1
| I
Start slave address and the direction bit ——— { Acknowledge
condition signal

Figure 2-40. Start Condition Generation and Slave Address Generation

When the BB is “1”, sequence of generating a stop condition is started by writeng “1” to the MST, TRX,
and PIN, and “0" to the BB. Do not modify the contents of MST, TRX, BB and PIN until a stop condition
is generated on a bus.

[ ———)

Stop condition

Figure 2-41. Stop Condition Generation

The bus condition can be indicated by reading the contetns of the BB (bit 5 in SBISR). The BB is set to
“1" when a start condition on a bus is detected and is cleared to “0” when a stop condition is detected.
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(8) Interruptservice request cancel
In the master mode, a serial bus interface interrupt request (INTSBI) occurs after the number of clocks
which is specified by the BC and ACK has been transmitted.
In the slave mode, when the received slave address is the same as the value set at the I12CAR, after
outputting the acknowledge signal when a GENERAL CALL is received, or when data transfer is
complete after matching the slave addresses or receiving a GENERAL CALL, an INTSBI interrupt request
occurs.
When a serial bus interface interrupt request occurs, the PIN (bit 4 in SBISR) is cleared to “0”.
the time that the PIN is “0"”, the SCL pin is pulled down to the low level.
Either writing / reading data to / from the SBIDBR sets the PIN to “1”.
The time from the PIN being set to “1” until the SCL pin is released takes t ow.
Although the PIN (bit 4 in SBICR2) can be setto “1” by the program, the PIN is not set to “0” when “0"
is written.

During

(9) Serial bus interface operating mode
The SBIM (bits 3, 2 in SBICR2) is used to specify the serial bus interface operation mode. Set the SBIM to
“10” after confirming that the serial bus interface pin is set to high level when used in the I°C bus
mode.
Switch a mode to port after making sure that a bus is free.

(10) Arbitration lost detection monitor
Since more than one master device can exist simultaneously on a bus in the 12C bus mode, a bus
arbitration procedure isimplemented in order to guarantee the contents of transferred data.
Data on the SDA line is used for bus arbitration of the I2C bus.
The following shows an example of a bus arbitration procedure when two master devices exist
simultaneously on the bus. Master 1 and Master 2 output the same data until point “a”. After Master
1 outputs “1” and Master 2, “0”, the SDA line of the bus is wired AND and the SDA line is pulled down
to the low level by Master 2. When the SCL line of the bus is pulled up at point “b”, the slave device
reads data on the SDA line, that is, data in Master 2. Data transmitted from Master 1 becomes invalid.
The state in Master 1 is called “arbitration lost”. A master device which loses arbitration releases the
SDA pin and the SCL pin in order not to effect data transmitted from other masters with arbitration.
When more than one master sends the same data at the first word, arbitration occurs continuously
after the second word.

SCL (Bus) \ / P

|

SDA pin (Master 1) m ____________________
SDA pin becomes “1" after losing arbitration.

SDA pin (Master 2) \ / \ /_\_/—

SDA (Bus) \ / \ /_\_/—

[OJE SRR .
o-d--———f---—-—

Figure 2-42. Arbitration Lost
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The TMP88CP76/S76 compares levels of the SDA line of the bus with those of the TMP88CP76/5S76 SDA
pin at the rising edge of the SCL line. If the levels are unmatched, arbitration is lost and the AL (bit 3 in
SBISR) issetto “1”.

When the AL is set to “1”, the MST and TRX are reset to “0” and the mode is switched to a slave
receiver mode.

The AL isresetto “0” by writing/reading data to / from the SBIDBR or writing data to the SBICR2.

SCL pin

Master
A ( spApin \D7A XD6A X D5A X D4A XD3A X D2A XD1A XD0A / \D7A"XD6A'XD5A'XD4A" ...

——

SDA pin \ D78 x D6B >‘\Fix SDA, SCL pin to high level as losing arbitration.
AL :/ I
MST \ (
TRX I

V4
Accessed to n
SBIDBR or SBICR2

Master
B

Figure 2-43. Example of when TMP88CP76/S76 are Master B

(11) Slave address match detection monitor
The AAS (bit 2 in SBISR) is set to “1” in the slave mode, in the address recognition mode (ALS =0), or
when receiving a slave address with the same value that sets a GENERAL CALL or I2CAR. When the ALS
is “1”, the AAS is set to “1” after receiving the first 1-word of data. The AAS is cleared to “0” by after
writing / reading data to / from a data buffer register.

(12) GENERAL CALL detection monitor
The ADO (bit 1in SBISR) issetto “1” in the slave mode, when all 8-bit data received immediately after a
start condition are “0”. The ADO is cleared to “0” when a start or stop condition is detected on the bus.

(13) Last received bit monitor
The SDA value stored at the rising edge of the SCL line is set to the LRB (bit 0 in SBISR). When the
contents of the LRB are read immediately after an INTSBI interrupt request is generated in the
acknowledge mode, and ACK signal is read.

(14) Software Reset Function
Software reset function is used to initialize SBI, when SBI is rocked by external noise, etc.
SWRST (bit 0 in SBICR) is setto “1", internal reset signal pulse is generated and inputted into SBI circuit.
All command registers and status registers are initialized to an initial value.
SWRST is automatically cleared to “0" after initializing SBI circuit.
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2.10.5 Data transfer in I2C bus mode

(1) Device initialization
First, set the ACK in the SBICR1 to “1”, the BC to “000”, and the data length to 8-bit to count a clock
pulse for the acknowledge signal. In addition, set the transmit frequency to the SCK.
Next, set the slave address to the SA in the I2CAR. Clear the ALS to “0” to set the addressing format.
After confirming that the serial bus interface pin is high level, for specifying the default setting to a
slave receiver mode, clear “0" to the MST, TRX, and BB in the SBICR2; “1" to the PIN; “10” to the SBIM;
and “0” to bits 1 and 0.

Note: To initialize the serial bus interface circuit, a constant period that the start conditions are not
generated for any device is required after all devices which are connected to the bus are
initialized. Then, the initialization must be completed during the period. If not, other devices
may start transmitting data before the serial bus interface circuit has been initialized. Thus,
data can not be normally received.

(2) Start condition and slave address generation
Confirm a bus free status (when BB = 0).
Set the ACK to “1” and specify a slave address and a direction bit to be transmitted to the SBIDBR.
When the BB is “0”, the start condition are generated and the slave address and the direction bit which
are set to the SBIDBR are output on a bus by writing “1” to the MST, TRX, BB, and PIN. An INTSBI
interrupt request occurs at the 9th falling edge of the SCL clock cycle, and the PIN is cleared to “0”. The
SCL pin is pulled down to the low level while the PIN is “0”. When an interrupt request occurs, the TRX
changes by the hardware according to the direction bit only when an acknowledge signal is returned
from the slave device.

Note 1: The slave address to be output to the SBIDBR must be set after the bus free is detected by
software. If setting of the slave address is executed before detection bus free, the current
output data may be corrupted.

Note 2: The bus free must be confirmed by software within 98.0 us (the shortest transmitting time
according to the I’C bus standard) after setting of the slave address to be output. Only when
the bus free is confirmed, set “1” to the MST, TRX, BB, and PIN to generate the start
conditions. If the start conditions are generated without writing “1” to them, transferring
may be executed by other masters between the time when the slave address to be output to
the SBIDBR is written and the time when “1” is written to the MST, TRX, BB, and PIN in the
SBICR2. Thus, the slave address may be corrupted.

SCL pin i ' 1 2 3 4 5 6 7 8 9
1 1 —
N
. I — -
spapin 1\ /a6 XAs Xa4 XA3 XAz XAt XA0 XR/WY /]
I AN ~ J Acknowledge
Start condition Slave address + direction bit signal from a
PIN leave device
INTSBI <
interrupt rI
request

Figure 2-44. Start Condition Generation and Slave Address Transfer

(3) 1-word data transfer
Check the MST by the INTSBI interrupt process after a 1-word data transfer is completed, and
determine whether the mode is a master or slave.
a. When the MST is “1” (Master mode)
Check the TRX and determine whether the mode is a transmitter or receiver.
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@® When the TRX is “1” (Transmitter mode)

Check the LRB. When the LRB is “1“, a receiver does not request data. Implement the process to
generate a stop condition and terminate data transfer.

When the LRB is “0”, the receiver requests new data. When the next transmitted data is other
than 8 bits, set the BC and write the transmitted data to the SBIDBR after setting ACK to “1".
After writing the data, the PIN becomes “1”, a serial clock pulse is generated for transferring a
new 1-word of data from the SCL pin, and then the 1-word data is transmitted. After the data is
transmitted, an INTSBI interrupt request occurs. The PIN becomes “0” and the SCL pin is pulled
down to the low level. If the data to be transferred is more than one word in length, repeat the
procedure from the LRB checking above.

INTSBI

interrupt request

—— Write to SBIDBR

SCL pin 1 2 3 4 5 6 7 8 9

SDA pin D7 XD6 XD5 XD4 XD3 XD2 XD1 XDO Y\__\_:'

Acknowledge signal
PIN _J from a receiver

] i

Figure 2-45. Example when BC="000", ACK="1"

® When the TRX is “0” (Receiver mode)

When the next transmitted data is other than 8 bits, set the BC again. Set the ACK to “1” and
read the received data from the SBIDBR (data which is read immediately after a slave address is
sent is undefined). After the data is read, the PIN becomes “1”. The TMP88CP76/576 outputs a
serial clock pulse to the SCL to transfer new 1-word of data and sets the SDA pin to “0” at the
acknowledge signal timing.

An INTSBI interrupt request occurs and the PIN becomes “0”. The TMP88CP76/5S76 outputs a
clock pulse for 1-word of data transfer and the acknowledge signal each time that received data
is read from the SBIDBR.

INTSBI

PIN _ I <| toa_tr_ansmitter
interrupt request - I_|___

Figure 2-46. Example when BC="000", ACK="1"

In order to terminate transmitting data to a transmitter, clear the ACK to “0” before reading
data which is 1 word before the last data to be received. The last data does not generate a clock
pulse for the acknowledge signal. After the data is transmitted and an interrupt request has
occurred, set the BCto “001” and read the data. The TMP88CP76/576 generates a clock pulse for
a 1-bit data transfer. Since the master device is a receiver, the SDA line of the bus keeps the high
level. The transmitter receives the high-level signal as an ACK signal. The receiver indicates to
the transmitter that data transfer is complete.
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TMP88CP76/S76

After 1-bit data is received and an interrupt request has occurred, the TMIP88CP76/576 generates

a stop condition and terminates data transfer.

Acknowledge signal
sent to a transmitter

_________

INTSBI
interrupt request

L L.
<ni M.

"0" = ACK,
Read SBIDBR

“001" = BC,
Read SBIDBR

Figure 2-47. Termination of Data Transfer in Master Receiver Mode

b. When the MST is “0"” (Slave mode)
In the slave mode, the TMIP88CP76/576 operates either in normal slave mode orin slave mode after
losing arbitration.
In the slave mode, an INTSBI interrupt request occurs when the TMP88CP76/576 receives a slave
address or a GENERAL CALL from the master device, or when a GENERAL CALL is received and data
transfer is complete after matching a received slave address. In the master mode, the
TMP88CP76/S76 operates in a slave mode if it is losing arbitration. An INTSBI interrupt request
occurs when word data transfer terminates after losing arbitration. When an INTSBI interrupt
request occurs, the PIN (bit 4 in the SBICR2) is reset, and the SCL pin is pulled down to the low level.
Either reading/writing from/to the SBIDBR or setting the PIN to “1” releases the SCL pin after taking
tLow time.
Check the AL (bit 3 in the SBISR), the TRX (bit 6 in the SBISR), the AAS (bit 2 in the SBISR), and the
ADQO (bit 1 in the SBISR) and implements processes according to conditions listed in the next table.

Table 2-14. Operation in the Slave Mode

TRX | AL | AAS | ADO Conditions Process

1 1 1 0 |[The TMP88CP76/S76 loses arbitration when |Setthe number of bitsin 1 word to the BC
transmitting a slave address and receives a slave | and write transmitted data to the SBIDBR.
address of which the value of the direction bit sent
from another masteris “1".

0 1 0 In the slave receiver mode, the TMP88CP76/576
receives a slave address of which the value of the
direction bit sent from the master is “1".
0 0 In the slave transmitter mode, 1-word data is | Check the LRB. If the LRB is set to “1”, set
transmitted. the PIN to “1" since the receiver does not
request next data. Then, clear the TRX to
“0" release the bus. If the LRB is cleared to
"0", set the number of bits in a word to the
BC and write transmitted data to the SBIDBR
since the receiver requests next data.

0 1 1 170 |The TMP88CP76/S76 loses arbitration when |Read the SBIDBR for setting the PIN to “1*
transmitting a slave address and receives a slave | (reading dummy data) or write “1” to the
address or GENERAL CALL of which the value of the |PIN.
direction bit sent from another master is “0”.

0 0 |The TMP88CP76/S76 loses arbitration when
transmitting a slave address or data and terminates
transferring word data.

0 1 1/0 |In the slave receiver mode, the TMP88CP76/576

receives a slave address or GENERAL CALL of which the
value of the direction bit sent from the master is “0".

0 1/0 [In the slave receiver mode, the TMP88CP76/576 | Set the number of bits in a word to the BC
terminates receiving of 1-word data. and read received data from the SBIDBR.
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(4) Stop condition generation
When the BB is “1”, a sequence of generating a stop condition is started by writing “1” to the MST,
TRX, and PIN, and “0” to the BB. Do not modify the contents of the MST, TRX, BB, PIN until a stop
condition is generated on a bus.

"1" > MST
1" > TRX

" L Stop condition
“0" —>BB /_
“1" = PIN ) Y
! ——
SCL pin / i 3 !
I 1
1 1

SDA pin -

PIN | L\f/\ o
) L

BB (Read)

Figure 2-48. Stop Condition Generation

(5) Restart
Restart is used to change the direction of data transfer between a master device and a slave device
during transferring data. The following explains how to restart when the TMIP88CP76/576 are in the
master mode.
Specify “0” to the MST, TRX, and BB and “1” to the PIN and release the bus. The SDA pin retains the
high level and the SCL pin is released. Since a stop condition is not generated on a bus, a bus is
assumed to be in a busy state from other devices. Check the BB until it becomes “0” to check that the
SCL pin of the TMP88CP76/S76 are released. Check the LRB until it becomes “1” to check that the SCL
line of a bus is not pulled down to the low level by other devices. After confirming that a bus staysin a
free state, generate a start condition with procedure (2).
In order to meet setup time when restarting, take at least 4.7 [us] of waiting time by software from the
time of restarting to confirm that the bus is free until the time to generate the start condition.

"0" > MST “1" > MST
“0" = TRX “1" = TRX
“0” —>BB “1" > BB
“1" - PIN “1" > PIN
|[<4.7 [us] (Min) > — Start condition
SCL (Bus) / \ / /
\ T H
SCL pin / \ < ) i 3 i
1 1
. 1
SDA (pin) 2_/ ( | /\ i
LRB |
¥
BB | |

v L

Figure 2-49. Timing Diagram when Restarting the TMP88CP76/576
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2.10.6 Clocked-synchronous 8-bit SIO mode control
The following registers are used to control the serial bus interface (SBI-ver. C) and monitor the operation
status in the clocked-synchronous 8-bit SIO mode.

Serial Bus Interface Control Register 1

SBICR1 7 6 5 4 3. .2 1 0
(000201) [sios | 810 | siom | “0” | | SCK | | (nitial value: 0000 *000)
SIOS | Indicate transfer start/stop 0: Stop
1: Start
SIOINH | Continue/abort transfer 0: Continue transfer
1: Abort transfer (automatically cleared after abort)
SIOM [ Transfer mode select 00: 8-bit transmit mode

01: reserved
10: 8-bit transmit/receive mode
11: 8-bit receive mode

000: fe/25 (250 kHz)

001: fc/26 (125 kHz)

010: f¢/27  (62.5kHz)

011: fc/28  (31.25kHz) atfc=8MHz ( Outputon
100: f¢/29  (15.62 kHz) SCK3 pin
101: f/210 (7.8 kHz)

110: fc/211 (3.90 kHz)

111: External clock (input from SCK3 pin)

Write
only

SCK | Serial clock select

Note 1:* ; Don’t care

Note 2: Set the SIOS to “"0” when setting the transfer mode or serial clock.

Note 3: SBICR1 is write-only register, which cannot be used with any of read-modify-write instruction such as bit
manipulation, etc.

Serial Bus Interface Data Buffer Register

SBIDBR 7 6 5 4 3 2 1 0

(000214) | | | | | | | | Read / Write

Note: Cannot read the data which was written into SBIDBR, since a write data buffer and a read buffer are
independent in SBIDBR. Therefore, SBIDBR cannot be used with any in read-modify-write instruction such
as bit manipulation, etc.

Serial Bus Interface Control Register 2

sBicR2 7 6 5 4 3 2 1..0.
(00023w) ¢ nor fror iron i | sBM [ "0" D f0" P (nitial value: xxwx 00%x)
00: Port mode (serial bus interface output disable)
Serial bus interface operation mode 01: Clocked-synchronous 8-bit SIO mode Write
SBIM . 2
selection 10: I°C bus mode only

11: reserved

Note 1: * ; Don’t care

Note 2: Switch a mode to port after data transfer is complete.

Note 3: Switch a mode to I°C bus mode or clocked-synchronous 8-bit SIO mode after confirming that input signal via
port s high level.

Note 4: SBICR2 is write-only register, which cannot be used with any of read-modify-write instruction such as bit
manipulation, etc.

Note 5: Clear bits 7 to 5 and bits 1 to 0 in SBICR2 to "0”, and set bit4 to “1”.

Serial Bus Interface Status Register

SBISR 7 6 5 4 3 2 1 0
(00023y) : : :
SIOF | Serial transfer operating status 0: Transfer terminated
monitor 1: Transfer in process Read
SEF | Shift operating status monitor 0: Shift operation terminated only
1: Shift operation in process

Figure 2-50. Control Register / Data Buffer Register / Status Register in SIO Mode
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(1) Serial clock

a. Clock source
The SCK(bits 2 to 0 in SBICR1) is used to select the following functions.

@ Internal clock
In an internal clock mode, any of seven frequencies can be selected. The serial clock is output to
the outside on the SCK3 pin. The SCK3 pin becomes a high level when data transfer starts.
When writing (in the transmit mode) or reading (in the receive mode) data cannot follow the
serial clock rate, an automatic-wait function is executed to stop the serial clock automatically
and hold the next shift operation until reading or writing is complete.

automatic-wait function
|e——|

SCK3 pin output L L2 L7L]e 11 2771 [6] [7] [e] [71 [2] I3
sospinoutput  \ao Xai Xz aKaaXer  XboXer e Xos XoaX(or Xeo X Xz
~ e

Write transmitted data :X a X b X C

Figure 2-51. Automatic Wait Function

@ External clock (SCK=“111")
An external clock supplied to the SCK3 pin is used as the serial clock. In order to ensure shift
operation, a pulse width of at least 4 machine cycles is required for both high and low levels in
the serial clock. The maximum data transfer frequency is 250 kHz (fc = 8 MHz).

SCK3 pin I I_I I_el_l I I I

H H H
tseke tsckn
tsckL, tsckH > 4 teyc Note: tcyc =4/fc (in NORMAL mode, IDLE mode)

Figure 2-52. The Maximum Data Transfer Frequency in The External Clock Input

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

@ Leading edge
Data is shifted on the leading edge of the serial clock (at a falling edge of the SCK3 pin input /
output).

@ Trailing edge
Data is shifted on the trailing edge of the serial clock (at a rising edge of the SCK3 pin input /
output).
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$CK3 pin Y:|VIVIVIVIVIVIVI
$03 pin ;\bitO X bit1 X bit2 X bit3 X bita X bit5 X bit6 X bit7

Shift register Xr6543210Ke 7654321 s+ 765432K e 4765438 x 447654 K nx e 05765 K sw x4 76K e wn nns7

(a) Leadingedge

5CK3 pin II:IAIAIAIAIAIAIA

$I3 pin \béto X bit1 X bit2 X bit3 X bita X bit5 X bit6 X bit7

Shift register ********X)*“***Xm**ﬂﬂ 210*****X3210**** 43210***X543210** 6543210+ X 76543210

(b) Trailing edge Note: *; Don’t care

Figure 2-53. Shift Edge

(2) Transfer mode
The SIOM (bits 5 and 4 in SIO1CR) is used to select a transmit, receive, or transmit/receive mode.

a. 8-bit transmit mode
Set a control register to a transmit mode and write data to the SBIDBR.
After the data is written, set the SIOS to “1” to start data transfer. The transmitted data is
transferred from the SBIDBR to the shift register and output to the SO3 pin in synchronous with the
serial clock, starting from the least significant bit (LSB). When the data is transferred to the shift
register, the SBIDBR becomes empty. The INTSBI (buffer empty) interrupt request is generated to
request new data.
When the internal clock is used, the serial clock will stop and automatic-wait function will be
initiated if new data is not loaded to the data buffer register after the specified 8-bit data is
transmitted. When new data is written, automatic-wait function is canceled.
When the external clock is used, data should be written to the SBIDBR before new data is shifted.
The transfer speed is determined by the maximum delay time between the time when an interrupt
request is generated and the time when data is written to the SBIDBR by the interrupt service
program.
When the transmit is started, the same value as the final bit of the last data is output until the
falling edge of the SCK3 after the SIOF goes “1".
Transmitting data is ended by cleaning the SIOS to “0” by the buffer empty interrupt service
program or setting the SIOINH to “1”. When the SIOS is cleared, the transmitted mode ends when
all data is output. In order to confirm if data is surely transmitted by the program, set the SIOF (bit 3
in the SBISR) to be sensed. The SIOF is cleared to “0” when transmitting is complete. When the
SIOINH is set, transmitting data stops. The SIOF turns “0”.
When the external clock is used, it is also necessary to clear the SIOS to “0” before new data is
shifted; otherwise, dummy data is transmitted and operation ends.
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Clear SIOS

SIOS

N

SIOF I
SEF _I
SCK3 pin (output)
SO3 pin

INTSIO interrupt
request

SBIDBR
+ + (a) Interral clock
Write transmitted data .
Clear SIOS
SI0S
SIOF
SEF

SCK3 pin (Input)

SO3 pin

INTSBI interrupt
request

SBIDBR

Write transmitted data (b) External clock

Figure 2-54. Transfer Mode

Example: SIO0 transfer end command (External clock)

STEST1:  TEST (SBISR). SEF ; IfSEF=1thenloop
JRS F,STEST1

STEST2:  TEST (PO read). 2 ;  1fSCK3 =0then loop
JRS T,STEST2
LD (SBICR1), 00000111B ; SIOS<«0

SCK3 pin I I
SIOF I_

500 pin bite X bit7 7

————>
tsopH = Min."3.5/f¢ [s] (In normal mode, IDLE mode)

Figure 2-55. Transmitted Data Hold Time at End of Transmit
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b. 8-bit receive mode
Set a control register to a receive mode and the SIOS to “1” for switching to a receive mode. Data is
received from the SI0 pin to the shift register in synchronous with the serial clock, starting from the
least significant bit (LSB). When the 8-bit data is received, the data is transferred from the shift
register to the SBIDBR. The INTSBI (buffer full) interrupt request is generated to request of reading
the received data. The data is then read from the SBIDBR by the interrupt service program.
When the internal clock is used, the serial clock will stop and automatic-wait function will be
initiated until the received data is read from the SBIDBR.
When the external clock is used, since shift operation is synchronized with the clock pulse provided
externally, the received data should be read before new data is transferred to the SBIDBR. If the
received data is not read, further data to be received is canceled. The maximum transfer speed
when the external clock is used is determined by the delay time between the time when an
interrupt request is generated and the time when received data is read.
Receiving data is ended by clearing the SIOS to “0” by the buffer full interrupt service program or
setting the SIOINH to “1”. When the SIOS is cleared, received data is transferred to the SBIDBR in
complete blocks. The received mode ends when the transfer is complete. In order to confirm if data
is surely received by the program, set the SIOF (bit 3 in SBIDBR) to be sensed. The SIOF is cleared to
“0” when receiving is complete. After confirming that receiving has ended, the last data is read.
When the SIOINH is set, receiving data stops. The SIOF turns “0” (the received data becomes invalid,
therefore no need to read it).

Note: When the transfer mode is switched, the SBIDBR contents are lost. In case that the mode
needs to be switched, conclude receiving data by clearing the SIOS to “0”, read the last
data, and then switch the mode.

fe————ClearsI05s —>

SIOS

—
SIOF 1
R

SEF

SCK3 pin (output)

2222

SI3 pin

INTSBI interrupt

request
SBIDBR X = X b
Y
Read received data Read received data

Figure 2-56. Receive Mode (Example: Internal clock)
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¢. 8-bit transmit / receive mode
Set a control register to a transmit / receive mode and write data to the SBIDBR. After the data is
written, set the SIOS to “1” to start transmitting / receiving. When transmitting, the data is output
from the SO3 pin on the leading edges in synchronous with the serial clock, starting from the least
significant bit (LSB). When receiving, the data is input to the SI3 pin on the trailing edges of the
serial clock. 8-bit data is transferred from the shift register to the SBIDBR, and the INTSBI interrupt
request occurs. The interrupt service program reads the received data from the data buffer register
and writes data to be transmitted. The SBIDBR is used for both transmitting and receiving.
Transmitted data should always be written after received data is read.
When the internal clock is used, automatic-wait function is initiated until received data is read and
next data is written.
When the external clock is used, since the shift operation is synchronized with the serial clock
provided externally, received data is read and transmitted data is written before new shift
operation is executed. The maximum transfer speed when the external clock is used is determined
by the delay time between the time when an interrupt request is generated and the time when
received data is read and transmitted data is written.
When the transmit is started, the same value as the final bit of the last data is output until the
falling edge of the SCK3 after the SIOF goes “1".
Transmitting / receiving data is ended by cleaning the SIOS to “0” by the INTSBI interrupt service
program or setting the SIOINH to “1”. When the SIOS is cleared, received data is transferred to the
SBIDBR in complete blocks. The transmit / receive mode ends when the transfer is complete. In
order to confirm if data is surely transmitted / received by the program, set the SIOF (bit 3 in SBISR)
to be sensed. The SIOF becomes “0” after transmitting / receiving is complete. When the SIOINH is
set, transmitting / receiving data stops. The SIOF turns “0”.

Note: When the transfer mode is switched, the SBIDBR contents are lost. In case that the mode
needs to be switched, conclude transmitting/receiving data by clearing the SIOS to “0”, read
the last data, and then switch the transfer mode.

| «———— clearSiI05 —>

SIOS

SIOF

SEF

SCK3 pin
SO3 pin

SI3 pin

INTSBI interrupt

request

SBIDBR X = X< X o X d
Write transmitted Read received Write transmitted Read received
data (a) data (c) data (b) data (d)

Figure 2-57. Transmit/Receive Mode (Example: Internal clock)
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SCK3 pin I I
SIOF |
SO3 pin bit6 X Bit7inlast transmitted word 74
>
tsopH = Min. 4/fc [s] (In NORMAL mode, IDLE mode)
Figure 2-58. Transmitted Data Hold Time at End of Transmit / Receive
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2.1 Serial Interface (SIO1)
The TMP88CP76/S76 each have a built-in 8-bit serial interface channels that operate in sync with the
clock: SIO1. SIO1 has an 8-byte send/receive data buffer. SIO1 can consecutively transfer up to 64 bits of
data automatically.
Serial interface is connected to external devices via the following pins: P12 (SO1), P11 (SI1), P10 (SCKT)
Serial interface pins are also used as port P1. When used as serial interface pins, set the output latches of
port P1to 1. In send mode, SI1 pin: P11 can be used as general-purpose 1/O ports; in receive mode, SO1
pin P12.

2.11.1 Configuration
The SIO1 has the same configuration, except for the addresses / bit positions of the control / status
registers and buffer registers.

SIO control/status registers

SIO1CR1/SIO1SR SIO1CR2
1 1 I 1 1 T 1 1 I 1 1
1 1 1 1 1 1 1 | | 1 1 1 1 |
Transmit and receive data
) buffer
L Buffer control 8 bytes in DBR ; SIO1
Control circuit <> circuit

Shift register
7 6 5 4 3 2 1 0

| L Tt SO1 pins
1 1 1 1 1 1 Serial data output
8-bit transfer . 4-bit transfer 0 SI1 pins

Serial data input

INTSIO1 i .
SIO interrupt request serial clock SCKT pins

O Serial clock I/0

Figure 2-59. Serial Interfaces

2.11.2 Control
SIO1 is controlled by SIO1CR1/SIO1CR2. SIO states can be determined by reading SIO1SR.
The send/receive data buffer is controlled by BUF (bits 2 to 0 in SIO1CR2). The send/receive data buffer
for SIO1 is assigned to addresses OFD8 to OFDFy in DBR. The buffer for SIO1 can consecutively transfer up
to 8 words at a time. When transfer of the set number of words is complete, a buffer empty (in send
mode) or buffer full (in receive or send/receive mode) interrupt (INTSIO1) is generated.
When using the internal clock as the serial clock in 8-bit send/receive or 8-bit receive mode, a fixed-time
wait can be inserted to the serial clock every time one word is transferred. One of the four wait times can
be selected by WAIT (bits 4 and 3 in SIO1CR2).
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SIO1 Control Registers 1

7 6 5 4 3 2 1 0
00058y [sios T &5 | SIOM | SCK | (Initial value: 0000 0000)

o

: Stop

SI0S Indicate transfer start/stop 1: Start

SIOINH | Continue/abort transfer (1) Continue transfer

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
110: 8-bit receive mode

110: 4-bit receive mode

write
only

000: Internal clockfc/2%or fs/2°[Hz]

001: Internal clockfc/ 28 (Output on)
SCK | Serial clock select 010: Internal clockfc/2° 5CK pin
011: Internal clockfc/ 2®

111: External clock (input from SCK pin)

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

Note 2: Set SIOS to “0” and SIOINH to “1” when setting the transfer mode or serial clock

Note 3: SIO1CR1 are write-only registers, which cannot access any of in read-modify-write instruction such as bit
operate, etc.

SIO1 Status Registers
SIO1SR 7 6

(00028y) "

. : . f After SIOS is cleared to “0”, SIOF
SIOF Serial transfer operating 0: Transfer jcermlnated ( e cloared £0 “0" 1t the termination)
status monitor 1: Transfer in process of transfer or setting if SIOINH read
SEF Shift operating status 0: Shift operation terminated only
monitor 1: Shift operation in process

Figure 2-60. SIO Control Registers and Status Registers
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TMP88CP76/S76

SIO1 Control Registers 2
SIO1CR2 7 6 5 4 3 2 1 0
(00029) | i .. | war LBUF,___ | nitial value: »xx0 0000)
Please set “00", except for 8-bit transmit/receive mode or
receive mode
WAIT [ Wait Control 00:T¢ = Tp (Non wait)
01: T = 2Tp
10: T4 = 4Tp :| (wait)
1: 7 = 8Tp
Buffer address used write
(S101) only
000: 1 word transfer ~ OFD8y
001: 2 word transfer ~ OFD8 to OFD9H
BUF Number of transfer words 010: 3 word transfer ~ OFD8 to OFDAy
011: 4 word transfer ~ OFD8 to OFDBy
100: 5 word transfer ~ OFD8 to OFDCy
101: 6 word transfer  OFD8 to OFDDy
110: 7 word transfer ~ OFD8 to OFDEy
111: 8 word transfer ~ OFD8 to OFDFy
Note 1: SIO1CR2 is write-only registers, which cannot access any of in read- modify-write instruction such as bit
operate, etc.
Note 2: T¢; frame time, Tp, data transfer time
SCK pin !
i | |
: o ! |
I 1
1 1
| Tt !
Note 3: The lower 4 bits of each buffer are used during 4-bit transfers. Zeros (0) are stored to the upper 4 bits
when receiving.
Note 4: Transmitting starts at the lowest address. Received data are also stored starting from the lowest address
to the highest address. For example, in the case of SIO1, the first buffer address transmitted is OFD8y,.
Note 5: The value to be loaded to BUF is held after transfer is completed.
Note 6: Set the SIOS to “0” when setting the transfer mode or serial clock.
Note 7: *; Don’t care
Note 8: WAIT is valid only in the 8-bit transmit/ receive and 8-bit receive modes.

Figure 2-61. SIO Control Registers
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(1) Serial clock

a. Clock Source
SCK (bits 2 - 0 in SIO1CR1) 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 SCKT
pin. The SCK1 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 2-15. 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/2°  [Hz] fs/2° [Hz] 0.95 Kbit/s 1 Kbit/s
fc/28 fc/28 - 30.5
fc/28 fc/28 - 122
fc/2° fc/2° - 244

| Note: 1 Kbit = 1024 bit |

automatically

| wait function
SCK pin output Illll_lu Uuuuuu

SO pin output \ 2 X a1 X a X a3 X bo X b1 X b2 X b3 X <o X ¢
Written transmit / z —
data o the DER a Xb ) &

Figure 2-62. Clock Source (Internal Clock)

® External clock
An external clock connected to the SCKT pins are used as the serial clock. In this case, the P10
(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 244-Kbit/s. (at fc = 8 MHz).

SCK pininput I | I I I I I I

tsckl tsckm
tsckLs tsekH = 4 teyc Note: tcyc = 4/fc(In NORAML1/2, IDLE1/2 modes)
4/fs (In SLOW, SLEEP modes)
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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).

sckpn - L o 1o 1 |

SO pin \__bito X bit1 X bit2 X bit3

Shift register X 3210 X #321 X ##32 X ###3

(a) Leading Edge

sk L1 L+ Lt Lt

SIpin X bito X bit1 X bit2 X bit3

Shift register el X Ox** X 10 X 210+ X3210
(b) Trailing Edge

Note: *;Don’tcare

Figure 2-63. 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).
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(3) Number of words to transfer
Up to 8 words consisting of 4 bits of data (4-bit serial transfer) or 8 bits (8-bit serial transfer) of data can
be transferred continuously. The number of words to be transferred is loaded to BUF in SIO1CR2.
An INTSIO interrupt is generated when the specified number of words has been transferred. If the
number of words is to be changed during transfer, the serial interface must be stopped before making
the change. The number of words can be changed during automatic-wait operation of an internal
clock. In this case, the serial interface is not required to be stopped.

SCK pin ||||||||
SO pin \aoXa1X32Xa3

INTSIO interrupt "

(a) 1Word Transmit
SO pin \ a X ar X a X as X bo X b1 X'bo X' b3 X co Xc1 X o X &3

INTSIO interrupt "
(b) 3 Words Transmit

Sl pin X a X ar X a X a X bo X br Xbo X b3 Xco Xt Xo X3/

INTSIO interrupt "
(¢) 3 Words Receive

Figure 2-64. Number of Bits to Transfer (Example: 4-bit serial transfer)
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2.11.3 Transfer mode
SIOM (bits 5 - 3 in SIO1CR1) is used to select the transmit, receive, or transmit/receive mode.

(1)  4-bit and 8-bit transmit modes
In these modes, the SIOTCR1 is set to the transmit mode and then the data to be transmitted first are
written to the data buffer registers (DBR). After the data are written, the transmission is started by
setting SIOS to “1”. The data are then output sequentially to the SO pin in synchronous with the serial
clock, starting with the least significant bit (LSB). As soon as the LSB has been output, the data are
transferred from the data buffer register to the shift register. When the final data bit has been
transferred and the data buffer register is empty, an INTSIO (buffer empty) interrupt is generated to
request the next transmitted data.
When the internal clock is used, the serial clock will stop and an automatic-wait will be initiated if the
next transmitted data are not loaded to the data buffer register by the time the number of data words
specified with the BUF has been transmitted. Writing even one word of data cancels the automatic-
wait; therefore, when transmitting two or more words, always write the next word before
transmission of the previous word is completed.

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

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 setting 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
SIO1SR) because SIOF is cleared to “0” when a transfer is completed.

When an external clock is used, it is also necessary to clear SIOS to “0" before shifting the next data;
otherwise, dummy data will be transmitted and the operation will end.

When SIOINH is set, the transmission is immediately ended and SIOF is cleared to “0”.

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”.
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ie——————clearSIOS

slos _e | \

SIOF I \) I

SOpin \ 20X a1 X 22X 23X as X as X asX_azX boX b1 X b2 X b3 X ba X bsX bs X b7/
INTSIO interrupt "\ "

peR _Jaf b
roo
write write (a) Internal Clock :
(@ (b < dlear$I0§ ———>

sI0S fl |

SIOF _|
SEF _l |_| |

SCK pin (input)

sopin N\ aoXa XX e X e e X X X b X b X b X oe Xor/
INTSIO interrupt "\ "
\
DBR :x a J b
AA

write write

(@ (b

(b) External Clock

Figure 2-65. Transfer Mode (Example: 8-bit, 1 Word Transfer)

SCK pin I |
SIOF |

sOpin “bite X bit7 74
: itsopH =min. 3.5/fc [s] (In the NORMAL1/2, IDLE1/2 modes)
-~ =min. 3.5/fs [s] (In the SLOW, SLEEP modes)

Figure 2-66. 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 SIOINH is set, the receiving is immediately ended SIOF is cleared to “0" receiving.
When SIOS is cleared, the current data are transferred to the buffer in 4-bit or 8-bit blocks. The
receiving mode ends when the transfer is completed. SIOF is cleared to “0” when receiving is ended
and thus can be sensed by program to confirm that receiving has ended. If it is necessary to change the
number of words in external clock operation, SIOS should be cleared to “0” then BUF must be
rewritten after confirming that SIOF has been cleared to “0”.

If it is necessary to change the number of words in internal clock operation, during automatic-wait
which occurs after completion of data receiving, 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.

l«—— dearsios — 1

SI0S

SIOF

SEF

SCK pin (output)

Sl pin

INTSIO interrupt

DBR Xa Xb

Read out Read out

Figure 2-67. 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 Sl 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 initialed if even one data ward has been written.

Note: The wait is also canceled by writing to a DBR not being used as a transmit data buffer registers;
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, 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.

The transmit/receive operation is ended by clearing SIOS to “0” or setting SIOTNH to “1” in interrupt
service program. When SIOS is cleared, the current data are transferred to the data buffer register in 8-
bit blocks. The transmit mode ends when the transfer is completed. SIOF is cleared to “0” when
receiving is ended and thus can be sensed by program to confirm that receiving has ended.

When SIOINH is set, the transmit/receive operation isimmediately ended and SIOF is cleared to “0”.

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

If it is necessary to change the number of words in internal clock, during automatic-wait which
operation which occurs after completion of transmit/receive operation, BUF must be rewritten before
reading and writing of the receive/transmit data.

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.
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[ «———— clearsios —>

SIOS

SIOF

SEF
SCK pin (output)
SO pin

Sl pin

INTSIO interrupt

DBR X a b X d
p +% v

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

Figure 2-68. Transmit/Receive Mode (Example: 8-bit, 1word, internal clock)

SCK pin I |
SIOF |

SO pin bite X b7 /

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

Figure 2-69. Transmitted Data Hold Time at End of Transmit/Receive
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2.12 8-bit AD Converter (ADC)
The TMP88CP76/S76 each have an 8-channel multiplexed-input 8-bit successive approximate type AD
converter with sample and hold.

2.12.1 Configuration

Ladder resistors
e e .
; ;: R/2 R R R2 !
VAREF [ i W MAV—p - MW A . 1 vass
I 1 i
i ¥ i
STOP [ i ~i i
AINDS Tap Decoder
Analog input _._.Sample&Hold__ _ Reference
Multiplexer !
i ! Voltage
1 ]
AINO O———A i i
Y——W—o bT_l
to i i 8
AIN7 O——H ! ;/; P
i i
AIN10 [ | ; i Analog
i ! Comparator
1o P -
AINI3 O——— L
Sampling Successive Approximate Circuit
clock
EN
Shift clock
S
AINDS Control Circuit 8
SAIN ADS EOCF
4
ADCCR ADCDR
AD Converter control register AD Conversion result register

Figure 2-70. AD Converter

2.12.2 Control
The AD converter is controlled by the AD converter control register (ADCCR).
The operating state of the AD converter is confirmed by reading EOCF in ADCCR. The AD conversion
value is confirmed by reading the contents of AD conversion value registers.

AD Conversion Result Register

7 6 5 4 3 2 1 0
ADCDR | : : : : : : : |
(OOOOFH) H . . H H . H

Read only

Figure 2-71. AD Conversion Result Register
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AD Converter Control Register
ADCCR 7 6 5 4 3 2 1 0
(0000E,) | EOCF | ADS | ACK |A|ND5 | ., SAIN | | (Initial value: 0000 0000)
0000: AINO select 1000: AIN10 select
0001: AIN1 select 1001: AIN11 select
0010: AIN2 select 1010: AIN12 select
SAIN Analog input selection 0011: AIN3select 1011: AIN13select
0100: AIN4 select 1100: reserved
0101: AIN5 select 1101: reserved
0110: AING select 1110: reserved
0111: AIN7 select 1111: reserved
0: Enabl il
. : Enable
AINDS | Anal t control
nalog input contro 1+ Disable
. . . 0: 184/fc[s]: 14.72 ps (fc=12.5 MHz)
ACK Conversion time selection 1: 736/fc [s]: 58.88 s (fc = 12.5 MHz)
ADS AD conversion start 0: - .
1: AD conversion start
EOCF End of AD conversion flag 0: Under conver5|.on or Before conversion R
1: End of conversion
Note 1: Select analog input when AD converter stops.
Note 2: The ADS is automatically cleared to “"0” after starting conversion.
Note 3: The EOCF is cleared to “0” when reading the ADCDR.
Note 4: The EOCF is read-only.

Figure 2-72. AD converter control register and AD conversion result register

2.12.3 Operation
Analog reference voltage on high side is applied to the VAREF pin ; on the low side, to the VASS pin. The
reference voltage between VAREF and VASS is divided a ladder resistor and compared with the analog
voltage input for AD conversion.

(1) Start of AD conversion
First, set the corressponding P4CR and P5CR bit to “0” for analog input. Clear the AINDS (bit 4 in
ADCCR) to “0” and select one of twelve analog input AIN13-AINO with the SAIN (bits 3-0 in ADCCR).

Note: The pin that is not used as an analog input can be used as regular input/output pins. During
conversion, do not perform output instruction to maintain a precision for all of the pins.

AD conversion is started by setting the ADS (bit 6 in ADCCR) to “1”.

Conversion is accomplished in 46 machine cycles (184/fc [s] ).

The EOCF (bit 7 in ADCCR) issetto “1" at end of conversion.

When setting the ADS to “1” under AD conversion, the AD converter circuit is initialized and the AD
conversion try again from start.

The sampling of the analog input voltage is excuted at 4 machine cycles after setting the ADS to “1”.

Note: The circuit of sample and hold is included in a capacitor of (12 pF (try.) ) through a register (5

kQ (try) ).
Therefore, until 4 machine cycles is over, this capacitor must be charged.

(2) Reading of AD conversion result
After the end of conversion, read the conversion result from the ADCDR.
The EOCF is automatically cleared to “0” when reading the ADCDR.
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(3) AD conversion in STOP mode
When the MCU places in the STOP mode during the AD conversion, the conversion is terminated and
the ADCDR contents become indefinite.
However, if the STOP mode is started after the end of conversion (EOCF = 1), the ADCDR contents are

held.
ADS
ADCDR X invalid X result X invaIidX invalid X result
§<—conversion time—»i ;«—conversion time—»f
736/fc [s] i i i 736/cs]
EOCF —I | | |
A A Ao A
rs ro s 3
e t e t t
a a a a a
d r d r r
t t t
Figure 2-73. AD Conversion Timing Chart (ACK = 1)
Example:
; AIN SELECT
LD (ADCCR), 00100100B ; Selects AIN4, ACK=1
; AD CONVERT START
SET (ADCCR). 6 ; ADS=1
SLOOP: TEST (ADCCR). 7 ; EOCF=17?
JRS T,SLOOP
; RESULT DATA READ
LD (9EH), (ADCDR)
FFH - +
FE4 T e
Conversion FOu T o
result }
~ ,l(l/
03y T —
02H T s d
oy T = -
< 1 1 1 I 1 1 1 1
1 1 T )] 1 T 1 1 VAREF — VASS
0o 1 2 3 253 254 255 256 X = oep
Analog input voltage

Figure2-74. Analog Input Voltage vs AD Conversion Result (typ.)
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2.13 Vacuum Fluorescent Tube (VFT) Driver Circuit
The TMP88CP76/576 features built-in high-breakdown voltage output buffers for directly driving
fluorescent tubes, and a display control circuit used to automatically transfer display data to the output
port.

2.13.1 Functions

(1) 40 high-breakdown voltage output buffers built-in.

e Large current output pin (V0 to V17)

e Middle current output pin (V18 to V39)

There is also the VKK pin used for the VFT drive power supply.
(2) The dynamiclighting system makes it possible to select 1 to 18 digits (TO to T17) by program.
(3) Pinsnotused for VFT driver can be used as general-purpose ports.

e Pinscan be selected using the VSEL (bits 4 to 0) in VFT control register1 bit by bit.
(4) Display data (90 bytes in DBR) are automatically transferred to the VFT output pin.
(5) Brightness level can be adjusted in 7 steps using the dimmer function.
(6) Table 2-16.shown in setting of display time.

Table 2-16. Setting of display time

DV1CK=0s] DV1CK =1 [s]
2"/fc 2"%/f¢
2"fc 2"/fc
2"/fc 2"%/f¢
2"%/fc 2"3/fc¢
2.13.2 Configuration
8 Internal bus
Display control register 1 Display control register 2

Display data memory

(90 bytesinDBR) ¢ J g * fc
VFT timing generator K

TOto T17

Output data latch

A e !

High-breakdown voltage output

YO T

VO V1 V2 V3 V4 V5 V37 V38 V39

Figure 2-75. Vacuum Fluorescent Tube (VFT) Driver Circuit
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2.13.3 Control
The VFT driver circuit is controlled by the VFT control registers (VFTCR1, VFTCR2). Reading VFTSR
determines the VFT operating status.
Switching the mode from NORMAL1/2 to SLOW or STOP puts the VFT driver circuit into blanking state
(BLK is set to “1”; values set in the VFT control registers except BLK and EKEY are maintained), and sets
segment outputs and digit outputs are cleared to “0”. Thus, ports P6 to P9, and PD function as general-
purpose output ports with pull-down.010000

VFT control register 1

VETCR1 7 6 5 4 3 2 1 0
(0002A;) | BLK | spT |  VSEL | , | (initial value: 0000 0000)

BLK VFT display control 0: Display enable

1: Disable
SDT Display time select (tdisp) DV1CK=0s] DV1CK =1 [s]
(Display time of 1 digit) 00 210/ 210/
01 211/fc 211/fc
10 212/f¢ 212/f¢
1" 213/fc 213/fc
. write
VSEL | Automatic display select 00000: 32(V31toV0)
(When using VFT driver (automatic display), | 00001: 33 (v32to V0) only
V31 to VO are only used to output VFT.) 00010: 34(V33toV0)

Pins which are not selected by the output pins | 00011: 35(V34to V0)
other than the above-mentioned pins can be 00100: 36(V35toV0)

used as general-purpose input/output pins. 00101: 37 (V36to V0)
(When using as a general-purpose 00110: 38(V37toV0)
input/output pin, the display data which 00111: 39(V38toV0)
corresponds to the pin must be set to “0") 01000: 40(V39toV0)

others: reserved

Note 1: fc; high frequency clock

Note 2: VFTCR1 is write-only register, which cannot use any of in read-modify-write instruction such as bit
operate, etc.

Note 3: During display enable, when display time (SDT) or automatic display (VSEL) is changed, BLK is should be
setto "1”.

Note 4: reserved ; can not be accessed.

VFTSR 783 0.
(0002A) [WAIT| & b
WAIT VFT operational status 0: VFTdisplay in operation read
monitor 1: VFT display operation disabled only

Note 1: During reset, WAIT is initialized to “1”.

Note 2: During display disable, when BLK of VFTCR1 is written to “0”, WAIT becomes “0” from next tdisp start
timing and VFT starts display action.

Note 3: During display enable, when BLK of VFTCR1 is written to “1”, after having finished timing display of
present, VFT display becomes disable.

Note 4: After display disable, display enable setting to VFTCR1 needs to set after validation of WAIT = “1”.

Figure 2-76. VFT Control Register 1, VFT status register
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VFT control register 2

VFTCR2 76

(00028,) [, DIM

| (Initial value: 0000 0000)

Dimmer time select

000:

reserved

001: (14/16) xtdisp (s)
010: (12/16) x tdisp (s)
011: (10/16) xtdisp (s)
100: (8/16) x tdisp (s)
101: (6/16) xtdisp (s)
110: (4/16) x tdisp (s)
111: (2/16) x tdisp (s)

STA

Number of state (display)

00000:
00001:
00010:

00011

others

1 display mode (T0)
2 display mode (T1 to T0)
3 display mode (T2 to T0)

: 4 display mode (T3 to T0)
00100:
00101:
00110:
00111:
01000:
01001:
01010:
01011:
01100:
01101:
01110:
01111:
10000:
10001:

5 display mode (T4 to T0)

6 display mode (T5 to T0)

7 display mode (T6 to T0)

8 display mode (T7 to T0)

9 display mode (T8 to T0)
10 display mode (T9 to T0)
11 display mode (T10 to T0)
12 display mode (T11 to T0)
13 display mode (T12 to T0)
14 display mode (T13 to T0)
15 display mode (T14 to T0)
16 display mode (T15 to T0)
17 display mode (T16 to T0)
18 display mode (T17 to T0)

: reserved

write
only

Note 1: VFTCR2 is write-only register, which cannot use any of in read-modify-write instruction such as bit
operate, etc.
Note 2: Even if a number of the display digit is set a pin which is equal to the digit dose not output.
It is necessary to write data to the data buffer which corresponds to the digit according to the display
timing (TOto T17).
Note 3: *; Don’t care
Note 4: DIM of VFTCR2 cannot use initial value.
Note 5: The pin which DIM is valid, it is assigned from P60 to P81 by setting of STA.

Figure 2-77. VFT control Register 2

(1) Setting of display mode
VFT display mode is set by VFT control register 1 (VFTCR1) and VFT control register 2 (VFTCR2). VFT
control register 1 (VFTCR1) sets 1 display time (tdisp) and the number of display lines (VSEL), and VFT
control register 2 (VFTCR2) sets dimmer timer (DIM) and state (STA). (BLK of VFTCR1 must be set to

“1".) The pin which DIM is valid, it is assigned from P60 to P81 by setting of STA.

For example, when STA is 8 display mode, the DIM output pins are assigned from P60 to P67.
Therefore, one display time of other pins are tdisp (s).
(See Display operation in section 2.13.4 for display timing and data setting procedures.)
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(2) Display datasetting

Data are converted into VFT display data by instructions. The converted data stored in the display data
buffer (addresses 00F00H to 00F91y in DBR) are automatically transferred to the VFT driver circuit, then
transferred to the high-breakdown voltage output buffer. Thus, to change the display pattern, just
change the data in the display data buffer.

Bits in the VFT segment (dot) and display data area correspond one to one. When data are setto 1, the
segments corresponding to the bits light. The display data buffer is assigned to the DBR area shown in
Figure 2-78. (The display data buffer can not be used as data memory)

bit 0 to 7 0 to 7 0 to 7 0 to 7 0 to 7 Timing
00F00 00F20 00F40 00F60 00F80 T0
00FO01 00F21 00F41 00F61 00F81 T1
00F02 00F22 00F42 00F62 00F82 T2
00F03 00F23 00F43 00F63 00F83 T3
00F04 00F24 00F44 00F64 00F84 T4
00FO05 00F25 00F45 00F65 00F85 15
00F06 00F26 00F46 00F66 00F86 T6
00F07 00F27 00F47 00F67 00F87 17
00F08 00F28 00F48 00F68 00F88 T8
00F09 00F29 00F49 00F69 00F89 79
00F0A 00F2A O0F4A 00F6A 00F8A T10
00FOB 00F2B 00F4B 00F6B 00F8B T
00FOC 00F2C 00F4C 00F6C 00F8C T12
00FOD 00F2D 00F4D 00F6D 00F8D T13
00FOE 00F2E 00F4E 00F6E 00F8E T14
00FOF 00F2F 0OFAF OOF6F 00F8F T15
00F10 00F30 00F50 00F70 00F90 T16
00F11 00F31 00F51 00F71 00F91 T17
output VO to V7 V8 to V15 V16 to V23 V24 to V31 V32 to V39

Figure 2-78. VFT Display Data Buffer Memory (DBR)

Note: The data memory contents become unstable when the power supply is turned on ;
therefore, the data memory should be initialized.
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2.13.4 Display operation
After setting of the display timing for the number of digits according to the using VFT and storing the
segment and digit data according to the respective timings, clearing BLK in VFTCR1 to 0 starts VFT
display.
Figure 2-79 shows the VFT drive pulse and Figure 2-80, 81 show the display operation.

Dimmer time (DIM)
- —

Vn I I |
Vn-1 I I
Vn5—2 I I
Vn—;17 I_‘_
V39toVn + 1 X X X X____X____X A

| |

one display time (tdisp)

! DIM [s] .
H —_—
v | Ltoff=tdisp/16+2/fc Is]
n H |
_:L ............... ’
i il
Vn-1 E ! I_ Note: 0=n=17
| ' (The nis changed by STA)
V39toVn +1 )I( X X

|

|
]
one display time (tdisp)

Figure 2-79. VFT Drive Waveform and Display timing
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2.13.5 Example of display operation

For Conventional type VFT

(1

When using the conventional type VFT, the output timing of the digits is specified to output 1 digit for

1 timing. Data must be set to output the pins which are specified to the digit in sequence. The
following figure shows a data allocation of the display data buffer (DBR) and the output timing when

VFT of 10 digits is used and V0 to V9 pins are allocated as the digit outputs. (When data is first written

by the data buffer which corresponds to the digit pin, it is unnecessary to rewrite the data later.)

Nloowvon|| oo oo oo o -
V|oOow O — Ol x % *x % *x %
||||||||||||||||||| U —
Oflcoow oo O —lx x x x x x
T
m @m% H a
|| <oorown | 4 S| 4 =
1
oS- amgswvwenrs 2oLV OLY
> > >2>>> > > P A ST Sy Sy Sy T
1

SEG (Write change by display data)

Figure 2-80. Example of Conventional type VFT driver pulse
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(2) For Grid scan type VFT

When using the grid scan type VFT, two or more grids must be simultaneously selected to turn the
display pattern which contains two or more grids on. Additionally, the timing and the data must be
determined to set the grid scan mode as follows.

e When the display pattern which is fully set in the respective grids is turned on, only the grids which
correspond as ever must be scanned in sequence to turn on the display pattern. (timing of T8 to T3
in the following figure)

e When the display pattern which contains two or more grids is turned on, two or more
corresponding grids are simultaneously selected to turn on the display pattern. (timing of T2 to TO
in the following figure)

Vo
V1
V2
V3
v4
V5

LCoeds00D|( -

LSB

MSB

SEG (atog(Dig 1to6))
S1
S2
S3
sS4

Figure 2-81. Grid Scan Type Display Vacuum Fluorescent Tube Ware
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2.13.6 Port Function

(1) High-breakdown voltage buffer
To drive fluorescent display tube, clears the port output latch to “0”. The port output latch is
initialized to 0 at reset.
It is recommended that ports P6, P7, P8 and P9 should be used as VFT driver output. Precaution for
using as general-purpose I/0O pins are follows.

Note: When not using a pin which is pulled down to pin Vi (RK =typ. 80 kQ), it must be set to open.
It is necessary to clear the port output latch and the data buffer memory (DBR) to “0”.

@ Ports P6to P9
When a part of P6 to P9 is used as the input/output pin (VFT driver in operation), the data buffer
memory (DBR) of the segment which is also used as the input/output pin must be cleared to “0”.

@ PortPD
VFT output and usual input/output are controlled by VSEL of VFT control register in bits. When a
pin which is pulled down to pin Vg is used as usual output or input, the following cautions are
required.

(a) When outputting
When level “L” is output, a portis pin Vkk voltage. Such processes as clamping with the diode as
shown in Figure 2-82 (a) are necessary to prevent pin Vgk voltage applying to the external
circuit.

(b) When inputting
When the external data is input, the port output latch is cleared to “0”.
The input threshold is the same as that of the other usual input/output port. However it is
necessary to drive RK (typ. 80 kQ) sufficiently because of pulled down to pin VKK.

gVDD VDD
L >
R R
Rk Rg
1 VRK /7|; VKK 7;
~ ~J
R1 R1
(a) Atoutput (b) Atinput

Figure 2-82. External Circuit Interface
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Input / Output Circuitry

(1) Control pins
The input/output circuitries of the TMP88CP76/576 control pins are shown below.
Control Pin I]e] Circuitry Remarks
Osc. enable _)tDD_ > fc
Resonator connecting pins
Wy VDD
XIN Input vDD Re (high-frequency)
XOUT Output | Rt =1.2MQ  (typ.)
XIN XOuT
Osc. enable _)tD?_ & f
Resonator connecting pins
XTIN Input vDD 1 VRVfV ! VDD (low-frequency)
XTOUT Output Ro Rf =6MQ (typ.)
Ro =220kQ  (typ.)
XTIN XTOUT
VDD
R %Rm Hysteresis input
RESET 110 Address-trap-reset —>|_r\ @_'VWI D Riy=220kQ  (typ.)
Watchdog-timer-reset: _),—L/ <
System-clock-reset R=1kQ (typ.)
R Hysteresis input
STOP/INT5 Input
P20 @,
R=1kQ (typ.)
STOP/INT5 @,
VDD
R Pull-down resistor
Rin=70kQ  (typ.
TEST Input IN (typ.)
Rin R=1kQ (typ.)
Note: The TEST pin of the TMP88PS76 does not have a pull-down resistor. Fix the test pin atlow-level.
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(2) Input/Output Ports
Port 110 Input/Output Circuitry Remarks
initial “Hi-z2" Sink open drain output
' Hysteresis input
Po | 1o >o—
< R=1kQ (typ.)
initial “Hi-Z" VDD Tri-state /0O
Hysteresis input
P1 /10
disable - R
initial "Hi-Z" VDD Sink open drain output
Hysteresis input
P2 I]e} Do 1
1
R
@I R=1kQ
initial “Hi-z" VDD Tri-state /O
P4 /10
PS disable = R
g R=1kQ (typ.)
< yp
initial “Hi-Z" Source open drain I/O
VDD
P6 Rk R
P7 VKK
P8 1’10
P9 I
PD A High-breakdown voltage
~
R=1kQ (typ.)
R1=200kQ (typ.)
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Electrical Characteristics
Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Pins Ratings Unit
Supply Voltage Vpp -0.3t06.5 \"
Ving P1, P2, P4, P5, XOUT, RESET -0.3toVpp +0.3
Input Voltage v
Vin2 PO port -0.3to55V
Vout1 |P1,P2,P4,P5, XOUT, RESET -0.3toVpp +0.3
Output Voltage Vout2 | PO port -0.3to55V Y
Vourts | Source open drain ports Vpp-40toVpp+0.3
louT1 PO, P1, P2, P4, P5 ports 3.2
Output Current (Per 1 pin) lout2 | P6,P7, P80, 81 Ports -25 mA
louTs P82 to P87, P9, PD ports -12
3 loyuTs P1, P4, P5 ports - 40
Output Current (Total) 3 lout2 PO, P1, P2, P4, P5 ports 60 mA
S louts | P6, P7, P8, P9, PD ports -120
Power Dissipation [Topr =25°C] PD Note2 1200 mwW
Soldering Temperature (time) Tsld 260 (105) °C
Storage Temperature Tstg -55to +125 °C
Operating Temperature Topr -30 to + 70 °C

Note 1: 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.

Note 2: Power Dissipation (PD) ; For PD, it is necessary to decrease -14.3 mw/°C.

Recommended Operating Conditions | (Vss=0V, Topr= -30t070°C)
Parameter Symbol Pins Conditions Min Max Unit
fc= NORMAL 1, 2 modes
12.5MHz | |DLE1, 2 modes
4.
Supply Voltage Vpp fs = SLOW mode > 5.5 \"
32.768 kHz | SLEEP mode
STOP mode 2.0
ViH1 | Except hysteresis input Vpp % 0.70
v Hysteresis input Vop = 45V Vppx0.75 v v
Input High Voltage H2 ysteresisinpy DDX 2. b
Viuz Vpp < 4.5V Vpp x0.90
Vi1 | Except hysteresis input Vpp % 0.30
. Vpp = 4.5V
Input Low Voltage V> | Hysteresisinput Vpp x0.25 \Y
Vi3 Vpp < 4.5V Vppx0.10
fc XIN, XOUT Vpp=4.5Vto55V 1.0 12.5 MHz
Clock Frequency
fs XTIN, XTOUT Vpp=2.7Vto55V 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.
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How to calculate power consumption.

With the TMP88CP76/576, a pull-down resistor (Rk =80 kQ typ.) can be built into a VFT driver using mask
option (port by port). The share of VFT driver loss (VFT driver output loss + pull-down resistor (Rk) loss)
in power consumption Pmax is high. When using a fluorescent display tube with a large number of
segments, the maximum power consumption Pd must not be exceeded.

power consumption Pmax = operating power consumption + normal output portloss + VFT driver loss

Where,
operating power consumption: VDD x IDD
normal power consumption: = lout2 x 0.4
VFT driver loss: VFT driver output loss + pull-down resistor (Rk) loss

Example:

When Ta = 10 to 50°C and a fluorescent display tube with segment output
mA, Vxx = -25 Vs used.

Operating conditions: VDD = 5V *10%, fc =8 MHz, VFT dimmer time (DIM)

3maA, digit output = 15

(14/16) x tseg:

Power consumption Pmax = (1) +(2) +(3)
Where, segments pin =X grid pin=Y,Y =2
(1) Operating power consumption: Vpp XIpp=5.5Vx22 mA =121 mW
(2) Normal output portloss: = lout2 x0.4V =60 mAx 0.4V =24 mW
(3) VFT driver loss: segment pin =3 mA x 2 V x number of segments X=6 mW x X
digit pin=15mA x 2V x 14/16 (DIM) x number of grids Y
=52.5mw
Rk loss = (5.5 + 25 V)2/50 kQ x (number of segments X + number of digits Y) =
18.605 mW x (X + 2)

Therefore, Pmax = 121 mW +24 mW + 6 mW X X + 52.5 mW + 18.605 mWx (X + 2) =234.71 + 24.605X

Maximum power consumption Pd when Ta = 50°C is determined by the following equation:
PD = 1200 mW-(14.3 x 25) = 842.5 mW
The number of segments X which can be lit is:
PD > Pmax
842.5mW > 234.71 mW + 24.605 X
24.7 > X

Thus, a fluorescent display tube with less than 24 segments can be used. If a fluorescent display tube with
24 segments or more is used, either a pull-down resistor must be attached externally , or the number of
segments to be lit must be kept to less than 24 by software.
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D.C. Characteristics (Vss=0V, Topr= - 3010 70°C)
Parameter Symbol Pins Conditions Min | Typ. | Max | Unit
Hysteresis Voltage Vys | Hysteresis input - 0.9 - \Y
vt | TEST
Open drain ports, Vpp=5.5V
Input Current lin2 p P eP - - £2 | LA
Tri-state ports ViN=5.5V/0V
iz | RESET, STOP
Input Resistance Rin2 | RESET 100 220 450
kQ
Pull-down Resistance Rk | Source open drain ports Vpp=5.5V, Vkk=-30V 50 80 110
ILo1 | Sink open drain ports Vpp=5.5V,Voyr=5.5V - - 2
Output Leakage
Loz | Source opendrain ports Vpp=5.5V, Voyr=-32V - - -2 vA
Current
lLos Tri-state ports Vpp=5.5V,Voyr=55V/ ov - - 2
Output High Voltage | Vouy [ Tri-state ports Vpp=4.5V,loy= -0.7mA 41 - -
Output Low Voltage VoL | Except XOUT Vpp=4.5V,loL=1.6 mA - - 0.4
loy1 | P6, P7,P80, P81 ports - -30 -
Output High current Vpp=4.5V,Voy=2.4V mA
lon2 | P82to P87, P9, PD ports - -15 -
Supply Currentin Vpp=5.5V
NORMAL 1, 2 Vin=5.3V/0.2V - 15 | 22
modesSupply Current fc=12.5 MHz mA
in IDLE 1, 2 modes fs = 32.768 kHz - 6 | 12
Supply Currentin | -
SLOW mode bp Vop=3.0V - | 30 | 60
Supply Currentin ViN=2.8V/0.2V
SLEEP mode fs = 32.768 kHz - 15 30 | A
Supply Currentin Vpp=5.5V
STOP mode V|N=5.3V/O.2V - 0.5 10

Note 1: Typical values show those at Topr =25°C, Vpp =5.0 V.

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

contained.

AD Conversion Characteristics

(Vss=0V, Vpp=4.5t05.5V, Topr= - 30to 70°C)

Parameter Symbol Conditions Min Typ. Max Unit
VAREF 4.5 - Vop
Analog Reference Voltage \Y
Vass Vss
Analog Input Voltage VAIN VASS - VAREF \Y
Analog Supply Current IREF VAREF=5.5V, Vass=0.0V - 0.5 1.0 mA
Nonlinearity Error - - 1
VDD =5.0 V, VSS =0.0V
Zero Point Error - - 1
Varer=5.000V LSB
Full Scale Error - - 1
Vass =0.000V
Total Error - - +2
Note: Total errors includes all errors, except quantization error.
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A.C. Characteristics (Vss=0V, Vpp=4.5t05.5V, Topr= -30to 70°C)
Parameter Symbol Conditions Min Typ. Max | Unit
In NORMAL1, 2 modes
0.32 - 10
In IDLE 1, 2 modes
Machine Cycle Time tcy 7]
In SLOW mode
117.6 - 133.3
In SLEEP mode
High Level Clock Pulse Width twer For external clock operation 32 _ _ ns
Low Level Clock Pulse Width twel (XIN input), fc=12.5 MHz
High Level Clock Pulse Width twsH For external clock operation 15.2 _ _ s
Low Level Clock Pulse Width twst | (XTINinput), fs=32.768 kHz

Recommended Oscillating Conditions | (Vss=0V, Vpp=4.5t05.5V, Topr= - 3010 70°C)

Recommended Constant

Parameter Oscillator Oscillation Recommended Oscillator
Frequency Cq G
12.5 MHz Murata CSA12.5MTZ 30 pF 30 pF

. Ceramic Resonator
High-frequency

L 8 MHz Murata CSA8.00MTZ 30 pF 30 pF
Oscillation
Crystal Oscillator 12.5 MHz NDK AT-51 10 pF 10 pF
Low-frequency | ol Oscillator 32.768 kHz NDK MX-38T 15 pF 15 pF
Oscillation
XIN XOouT XTIN XTOUT
(1) High-frequency Oscillation (2) Low-frequency Oscillation

Note: An electrical shield by metal shield plate on the surface of IC package should be recommendable in order to prevent
the device from the high electric fieldstress applied from CRT (Cathode Ray Tube) for continuous reliable operation.
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Typical Characteristics (Ta = 25°C)
| -V | -V | -V
Ibb DDO DD Iob DDL DD Ibb DDSI/L3 | DD
(mA) N (mA) (A 15 = 32768 kHz
14 7 7
50
12 // 6 /
fc = 12.5 MHz /
10 5 A 40 L
e = 125 MHz / IDDS
8 4 30
fc = 8 MHz " /
6 3 '{ 8 MH 20 //
C= z >
4 — 2 L // IDLE3
, fc = 4.2 MHz 1 '/fc=/4.2|MHz 10
0 Vop 0 Vbp 0 Vbp
3 4 5 6 (V) 3 4 5 6 (V) 0 1 2 3 4 5 6()
... Ibpo-fc . IbpL-fc
DD . : DD . .
(mA)] vop = 45V Vg (mA)] vop = a5V ”
8 / //
// 3 d
6 7’
/ 2
4
2 1
0 fc 0 fe
2 4 6 8 10 12 14(MHz) 2 4 6 8 10 12 14 (MH2)
loH-V loH -V loH-V
oy 1OH ~VoH | loy loH - VoH | oy 1OH —VoH |
(mA) N\ VDD = 45V (mA) VDD = 45V (mA) VDD = 45V
- 40 \\ - 40 -20
-30 \\ -30 -15
——
- 20 \\ -20 \\\ -10 ~—~
-10 N -10 \\ -5 \\
0 \ Vo 0 N Vou 0 \ Vo
0 1 2 3 4 5 1 2 3 4 5 () 0 1 2 3 4 5 ()
P6, P7, P80, P81 ports P82 to P87, P9, PD ports P1, P3, P4, P5 ports
loL-V
o, JoL—VoL —
(mA) VDD = 45V
16
12 /
8 /’
4 /‘/
0 VoL
0 02 04 06 08 1 1.2(V)
PO, P1, P2, P3, P4, P5 ports
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