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TOSHIBA Under Development TMP86C829/H29/M29

CMOS 8-Bit Microcontroller

TMP86C829U/F, TMP86CH29U/F, TMP86CM29U/F

The 86C829/H29/M29 are the high-speed, high-performance and low power consumption 8-bit microcomputer,
including large-capacity ROM, RAM, LCD driver, multi-function timer / counter, serial interface (UART/SIO),
a 10-bit A/D converter and two clock generators on chip.

Part No. ROM RAM Package OTP MCU

TMPB6C829U/F 8K x 8-bit 512 x 8bit
ittt EUERE Rt et SRR P-LQFP64-1010-0.50
TMP86CH29U/F | 16K x B-bit ‘ TMP86PM29U/F
mrmemstossiemndoo——sZo=ooo-d 15K x 8bit | P-QFP64-1414-0.80A
TMP86CM29U/F_ | 32K x 8-bit

Features P-LQFP&4-1010-0.50
4+ B-bit single chip microcomputer TLCS-870/C series

4 Instruction execution time: 0.25 x5 (at 16 MHz)
122 us (at 32.768 kHz)

® 132 types & 731 basic instructions
¢ 18interruptsources (External: 5, Internal; 13)

. 829U
4 Input/Output ports (39 pins) mﬁggﬁmu
- TVPBECM29U

18-bit timer counter: 1 ch
® Timer, Event counter, Pulse widlth measurement, P-QFP64-1414-0.80A
Frequencymeasurement modes

4 8-bit timer eounter: 4 ch
¢ Timer, Event counter, PWM output, Programmable Divider
Output PPG modes

- % Time Base Timer

4 Divider output function

TMPBECB29F

4 Watchdog Timer TMPBGCH29F

¢ Interruptsource/reset output (programmable) [MiPaocmzar
4 Serial interface

® 8 bit UART/SIO: 1ch
¢ 10-bit successive approximation type A/D converter

® Analoginput: 8 ch

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

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

@ The information contained herein is presented only as 2 guide for the applications of our products. No responsibility
is assumed by TOSHIBA CORPORATI(gN for any infringements of intellectual property or other rights of the third
parties which may result from its use. No license is granted by implication or otherwise under any intellectual
property or other rights of TOSHIBA CORPORATION or others.

@ The Information contained herein is subject to change without notice.
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# TFour Key On Wake Up pins

¢ LCDdriver/controller
¢ Built-in voltage booster for LCD driver
¢ With displaymemory
¢ LCDdirectdrive capability (Max 32 seg X 4 com)
® 1/4,1/3, 1/2duties or static drive are programmably selectable

4 Dual clock operation

® Single/Dual-clock mode

4 Nine power saving operating modes

STOP mode:

SLOW 1, 2 mode:
IDLE 0 mode:

IDLE 1 mode:
IDLE 2 mode:
SLEEP 0 mode:
SLEEP 1 mode:

SLEEP 2 mode:

Oscillation stops. Battery / Capacitor back-up. Port output hold / High-
impedance,

Low power consumption operation using low-frequency clock (32.768 kHz)

CPU stops, and peripherals operate using high-frequency clock of Time-Base-
Timer, Release by INTTBT interruput.

CPU stops, and peripherals operate using high-frequency clock. Release by
interruputs.

CPU stops, and peripherals operate using high and low frequency clock. Release
by interruputs.

CPU stops, and peripherals operate using low-frequency clock of Time-Base-
Timer. Releage by INTTBT interruput.

CPU stops, and peripherals operate using low-frequency clock. Release by
interrupts,

CPU stops, and peripherals operate using high and low frequency clock. Release
by interrupts.

¢ Wide operating voltage: 1.8 fo 5.5 V at 4.2 MHz/ 32.768 kHz,

2.7t0 5.5 V at 8 MHz/32.768 kHz,
4.5t05.5Vat 16 MHz/32.768 kHz
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Pin Assignments (Top View)

P-LQFP64-1010-0.50
P-QFP64-1414-0.80A

SEG2 =—[11]

SEGH)
SEGY)

SEGID)
SEGTY)
SEGI2)
SEGI3)
SEG14)
SEGHS)
SEG16)
SEGIT)
SEGTE)

V4
49

SEG1 =—[TT]50

SEGQ =— [T} 51
COM3 =—[TT}s2

COM2 =—[IT]

COM1 =—E_IT]

COMo =—LT]

Y3 =TT

V2 —=[TT]

V1 —=[T1T]

C1 —LC

€0 —[—IT]

{DVO) P30 =TT
(PWM3/FDO3/TC3) P31~ 1T
{PWNA/FDOA/PPGATCA) P32 ~wTT]
(PWMB/PDOG/PPGE/TCE) P33 =—aC_IT]

53
54
55
56
57
58
53

a8 @—1—=seG3
47 L1 —5EGa
46 HI 5G5S
45 I 1—"<£Ge
aa XA —SEGT
43 [ J==p77
42 AT w=p7g
41 LI )>p75
40 [T J==p74
3g AT J==p73
38 [T J==p72
37 T ==p71
36 T 1=+=p75
35 I 1==p57
34 IJ==F56
33 I _1**pP55

32

[TT _Jwe—w P54 (SEG19)

[TT = P53 (SEG10)

TT Jw—a P52 (SEG21)

[TT J=—w P51 (SEG22)

[TT T P50 (SEG23)

[T e P17 (SEG245TE)
(1T 1= P16 (SEG25/TXD/S0O}
T T P15 (SEG26/RXDSI)
L e P14 (SEG27ANT3)
)= P13 (SEG28ANT2)
I~ P12 (SEGZIINTI)
T P11 (SEG30)

AT )=—P10 (SEG31)

[T ] AvDD

T - VAREF

[TTJ=—= P67 (AIN7/STOPS)

(A INC) PEQ e[

(STOP /[NTE) P20 ww=1
(AN ZECIN) PE1 ==
(A IN2 ZECNT) PE2 o
(AIN3/INTO) PE2 w3
(AIN4/STOP2) P64 e[
(AIN5 /5TOP3) P65 m
(A NG /3TOPY) PEE w-w [
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Block Diagram

1O Port (Segment Output)
P77 (SEGB) P57 (SEG16) P17 (SEG24)

Common outputs Segment outputs to o 10
COM3 to COMO SEG7 to SEGO P70{SEG15) PS0(SEG23) P10 (SEG31)
pang A ~ A AN
Power VDD =t -
Supply vss — 1> - - N
- \“’ H’
| B LCD driver cicuit P7 P5 P1
* A ™
€0 > —
LCD Power 5]] - LCD Voltage l Address/Data Bus
Supply V2 =  booster circuit @ ﬁ @
v3
TLCS-870/C Data Memary Program
CPU RAM Marmoty ROM
Reset 11O RESET-
Test Pin TEST System Control Cireuit l'
p— Standby Control Circuit ‘—{ Interrupt Controller I
Timing Generator 1 f t T ?
Resonator XiN o High Tim_‘ Basa 18-bit B-bit
gﬁ‘r;nectmg XOUT »| frequency Clock Timer Timer/Counter TimerfCounter UARTSSIO
L
(71 frequeny | Semereter Watchdog TC1 reslrcafresires] [ si0 | uart
Timer A 1T LT A \ A
” |
3 J4 ). y J Ly B
! Address/Data Bus
3 ] A
F2 10-bit P6 B
N A AD N
Ne— e}
\, Converter L/ )
[}
N | ~ L
P22t0 P20 AVDD PE7 (AIN7) P33 to P20
VAREF to
\\PGU (AING) Y,
110 Ports  Analog reference
1/C Ports

Pins
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Pin Function
Pin Name Input/ Output Function
P17 (SEG24, 5CK) O (110) serial clock input/ output
UART data output
P16 {5EG25, TxD, 50) VO (1O} 8-bitinput/ output port with latch. Serial data output
ceerersneienemserteresnsere s s ses e WWhen used a5 INPUT POFL, N €XTeNal |15 ot
PIS(SEG26,RxD,S) | VO(WO) |interruput input, serial clock input / | seria) duta inst
.......................................................... output, serial data input / cutput and LCD segment
P14 (58G27,INT3) 1] VO (UO) | UART data input / output, the latch outputs.
P13 (SEG28,INT2} | KO (VO) must be setto 1",

P12 (SEG29, INT1

YVHEH used @y a LLw WYrneni GULRUL,
the P1LCR must be set to “1°.

re3 (AIN3, INTO)
P62 (AIN2, ECNT)

P10 (S5EG31) IfO (Output)
P22 (XTOUT) VO (Output) Resonator connecting pins (32.768 kHz)
................................... SRR LI I W 1) input / output pOl't with latch. For inputting external ClOCk, XTIN iS used and
P21 (XTIN) ‘ /O (Input) When used as an input port, the latch | XOUT is opened.

[RSRTRTUTUPRTUUIEE IO LSt be et 10 #17
P20 (INTS, STOP) 170 (Input) E.xternial interrupt input 5 or STOP mode release

signal input

e e , R 8-bit (16-bit) PWM output, 8 (16} bit
P33 (PWM ﬁ;’f—&oﬁ'cs) (/0{1/0) 4'br't§ (Ph’i°%’a"‘matb'et’ “UF;;“ f output | o ogrammable divider output, 8 (16) bit PPG
.......................... s Foch bit of these Bores can be |UtPUL TimercounterSinput
P32 {PWM4, PDO4, 1OO) individually configured as an input or | 8-bit PWM output, 8-bit programmable divider

PPGE, TCA) an output under software control. | @utput, 16-bit PPG output, Timer counter 4 input
P31 (PWM3, PDO3, VO(/O) When used as a Umer / conter INput, | g_hit {16-bit) PWM output, 8 (16) programmable
TC3) timer / counter output, a divider | divider output, Timer counter 3 input
.......................................................... Output, the |atch must be set to "‘l". .......'...uu.......»...............n........................................
P30 (DVO) O(Output) Divider output
- 8-bit input / output port with latch.
b7 (SEG1F6’2'»:)(>(SEGZ3) {/0 (Output) | When used as a LCD segment output, | LCD segment outputs
the PSLCR mustbe setto 17,

P67 (AIN7, STOPS) 110 {Input) Key _cir_w»y»\(_aAl_(_g up i_Q,_qy} 5

pu)

10 (nput)
/0 (input)
YO (Input)

‘| ports (tri-state).
-{ ports can be individually configured

| software control. When used as a key
-{on wake up input, an external

8-bit programmable input / output
Each bit of these

A/D converter

as an input or an output under A
analog inputs

External interruptinput 0

interrupt input and timer / counter

! Timer/ counter 1input
input, the PEBCR must be set to “1”.

P60 (AINO) I/0 (Input)
P77 (SEGS) to 8-bit input / output port with latch.
P70 (SEG15) 7O (Output) | When used as a LCD segment output, | LCD segment outputs
the P7LCR must be setto “1".
SEG7 to SEGO ) LCD segment outputs
Output ............................................................................................................................................
LCD common outputs
LCD voltage | LCD voltage booster pin. Capacitors are requirea between CO and C1 pin and V1/V2/V3
booster pin | pinand GND.
Input Output Resonator connecting pins for high-frequency clock. For inputting external clack, XIN is
used and XOUT is opened.
o Reset signal input or watchdog timer output/ address-trap-reset output
input Test pin for out-going test. Be fixed to low.

Power Supply

+5V, 0(GND}

+ 5V, 0 (GND) A/D circuit power supply
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Operational Description
1. CPU Core Functions
The CPU core consists of a CPU, a system clock controller, and an interrupt controller.

This section provides a description of the CPU core, the program memory, the data memory, the
external memory interface, and the reset circuit.

1.1  Memory Address Map
The TMP86C829/1129/M29 memory consist of 4 blocks; ROM, RAM, DBR (Data Buffer Register) and
SFR (Special Function Register). They are all mapped in 64 Kbyte address space. Figure 1-1 shows the
TMP86C829/H29/M29 memory address map. The general-purpose register banks are not assigned to
the RAM address space.
0000, 0000 D000, Note :
SFR o 64 bytes i " 64 bytes 2 64 bytes ote
003Fy OU3ky Uusky RUM Read Only Memory includes :
00404 0040y 00404 Program memory
; : : 512 bytes Vector table
: RAM ; Randorn Access Memory includes :
RAM 1536 bytes 1536 bytes 023F, | | Data memory
i H Stack
: : ! H General-purpase register banks
063§FH 053:!FH ‘ | E E SFR. Spacial Function Register includes :
: ! ! : H H 1 1 i/& ports
! | P ! ' ' Peripheral control registers
: : ! ! ! H Peripheral status registers
P ' P ! N i System controf registers
OF80 OF80 OF80 Interrupt control registers
DBR{ M| 128 bytes 8 M1 128 bytes 27| 128 bytes Program Status Word
OFFFy . | OFFFy OFFFy DBR, Data Buffer Register inciudes :
P ! o 1 P i Peripheral control registers
N [ ! l i | Peripheral Status registers
000, i o :
: : 1 i ]
: ! 1
€000y P !
M e 1 ]
32704 bytes £0Q0H
16320 bytes :
ROMX 8128 bytes
FFC:OH FFCOM F FdOH Vector table for vector call instructions
: 32 bytes : 32 bytes ; 32 bytes
FFDFy " FFDFy " FFOFy " (16 vectors)
FFEQH FFEOY FFEOH Vector table forinterrupts s/reset
| FFF-FH 32 bytes FFFFH 32 bytes FFFFy 32 bytes (16 vectors)
. 86CM29 86CH29 86C829
Figure 1-1. Memory Address Maps
1.2 Program Memory (ROM)

The TMP86C829/H29/M29 has a 8 KX 8-bit (address EQ00y to FFFFy), 86CH29 has a 16 KX 8-bit
{address CO00y to FFFFy), and the 87CM29 has a 32 KX 8-bit (address 8000y to FFFFy) of program
memory (mask programmed ROM). However, placing program memory on the internal RAM is
deregulated if a certain procedure is executed (See 2.4.5 Address trap).
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Data Memory (RAM)

The TLCS-870/C is available up to 64 Kbytes of data memory area. Data memory consists of internal
data memory (internal ROM or RAM). The TMP86C829 has 512 bytes, the 86CH29/M29 have 1.5
Kbytes of internal RAM. The first 192 hytes (0040H to 00FFH) of the internal RAM are located in the
direct area; instructions with shorten operations are available against such an area.
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1.4  System Clock Controller

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

Timing generator control register

........... C|OCk Ehrraarradi b 0036H
: generator

i fe

High-frequency : i

ok ol Timing Stand-by controller

clock oscillator generator —

Jryvy

1 System clocks

Low-frequency : 0038y 0039,
' clock oscillator | svser1 | | svscrz |

. Clock generator control System control registers

Figure 1-2. System Clock Control

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 standby
controller to low-puwer operation based vn Lhe luw-frequency cluck.

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 respeetively. Clock input from an external oscillator
is also possible. In this case, external clock is applied to XIN / XTIN pin with XOUT / XOUT pin not

connected.

prrmmms s High-frequency clock ~=========~=-~ 1 [rommmeseom. Low-frequency clock -===-===-=~--- 1
3 1 1 3
! ] ] k
i XIN XOouT XIN XOUT H i XTIN XTOUT XTIN XTQUT f
1 1 3

| o o
i (open) | i (open) ;
1 1 ]

j [] b ] :
| i i '
! ' : ;
1 1 1 ]
. 7 e L 77 :
)

1 ] 1 1
i {a) Crystal/ Ceramic (b) External oscillator | 1 (O Crystal (d) External oscillator H
L___resonator . R ;

Figure 1-3. Examples of Resonator Connection

Note: The function to monitor the basic clock directly at external is not provided for hardware,
however, with disabling all interrupts and watchdog timers, the oscillation frequency can be
adjusted by monitoring the puise which the fixed frequency is outputted to the port by the
program.

The system to require the adjustment of the oscillation frequency should create the program
for the adjustment in advance.
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1.4.2 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.
@ 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 seurce clocks for timer / counters
® Generation of warm-up clocks for releasing STOP mode
{D Generation of base clocks for LCD driver / controller

(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.,

An input clock to the 7th stage of the divider depends on the operating mode, DV7CK (bit 4 in TBTCR),
that is shown in Figure 1-5. As reset and STOP mode started / canceled, the prescaler and the divider

are cleared to “0”.
“|  mainsystem clock generator feorts machine cycle counters
A
SYSCK >
DV7CK >
divider
igh- fesd
High f'egl‘;i:?c' > 12 »l112]3 a|9]10[t112 13114 15[18}17 15]19 zoln
L
Low-frequency - s { multiplexer
clock fs 7 >80
> B0
»~ A0 YO [
] a0 vo p» | standby
controller
(=< )
*
: » | Watchdog
-— > | timer
Timer/ | ¢ R
counters ~* S ——
- ! > | Time Base
< Timer
| T, oy
(- o
Serial - L,
interface | L » | Divider
- 1 > | output circuit
~
Figure 1-4. Configuration of Timing Generator
TETCR 5 a4 2 2 1 0
(0036,) ,(DVOEN)‘ {DVOCK) | DV7CK I (TBTEN) | (TRTCK) ) | (initial value: 0%xx( 0xxx)
Selection of input to the 7th 0: ff2* [Hz
DV7CK stage of the di\?ider 1:fs [He] RAY

Note 1: Do not set "1” on DV7CK while the low-frequency dock is not operated stably.
Note 2: fc; High-frequency clock [Hz], fs ; Low-frequency dock [Hz], * ; Don’t care

Figure 1-5. Timing Generator Control Register
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(2}

Machine cycle

Instruction execution and peripheral hardware operation are synchronized with the main system clock.
The minimum instruction execution unit is called an “machine cycle”, There are a total of 10 different
types of instructions for the TLCS-870/C Series: ranging from 1-cycle instructions which require one
machine cycle for execution to 10-cycle instructions which require 10 machine cycles for execution.

A machine cycle consists uf 4 stales (30 o 33), and each state consists uf one main system clock.

1Hfcor 1/s[s]

I
Mamsg{msrclock '. l ‘ I | ! I |' I | I | | l I l
1 ]
State $0 st | s2 ]L s2 | so | sv | e2a | s3]

1
|e———————Machine cycle————————
)

Figure 1-6. Machine Cycle

1.4.3 Standby Controller

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

Figure 1-11 shows the operating mode transition diagram and Figure 1-12 shows the system control
registers,

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. The main-system clock is obtained from the high-frequency clock. In
the single-clock mode, the machine cycle time is 4/fc (5],

NORMAT1 mode

In this mode, both the CPU core and on-chip peripherals operate using the high-frequency clock.
The 86C829/H29/M29 are 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
NORMALI 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 afier 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.

@ IDLEO mode

In this mode, All the circuit, except oscillator and the Timer-Base-Timer, stops operation.

This mode is enabled by setting “1” on bit TGHALT on the system control register 2 (§YSCR2). As
IDLED mode is enabled, the timing generator halts (the system clock halts) and the CPU and other
peripherals are stopped.

As IDLEQ mode is enabled, the count on the Time-Base-Timer is cleared and the Time-Base-Timer
restart counting. When the count reaches the rate on TBTCR, SLEEP0 releasing signal, which restarts
the timing generator, is generated and the hardware restores NORMAL1 mode,

10
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(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 NORMAL?2 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 NORMATLZ2 and IDLE2 modes, and
4/fs [s] (122 s at fs=32.768 kHz) in the SLOW and SLEEP modes.

The TLCS-870/C is placed in the signal-clock mode during reset. To use the dual-clock mode, the low-
frequency oscillator should be turned on at the start of a program.

{© NORMAL2 mode

In this mode, the CPU core operates with the high-frequency clock. On-chip peripherals operate using
the high-frequency clock and / or low-frequency clock.

® SLOWZ2mode

In this mode, the CPU core operates with the low-frequency clock, while both the high-frequency clock
and the low-frequency clock are operated. On-chip peripherals are triggered by the low-frequency clock.
Agthe SYSCK on SYSCRZ2 becomes “0”, the hardware changes into NORMALZ2 mode., As the XEN on
SYSCR2 becomes “0", the hardware changes into SLOW1 mode. Do not clear XTEN to “0” during
SLOW2 mode.

@ SLOWI1mode

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 SLOW1 and SLOWZ modes are performed by XEN bit on the system
control register 2 (SYSCR2). In SLOW1 and SLEEF mode, the input clock to the 1st stage of the divider
is stopped; output from the 1st to 6th stages is also stopped.

@ 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 IDLEZ mode are the same as for IDLE1 mode, except that
operation returns to NORMALZ2 mode.

& SLEEP1 mode

In this mode, the internal oscillation eircuit 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. In SLOW
and SLEEP mode, the input ¢lock to the 1st stage of the divider i stopped; output from the 1st to 6th
stages is also stopped.

& SLEEP2 mode

The SLEEP2 mode is the idle mode corresponding to the SLOW2 mode. The status under the SLEEP2
mode is same as that under the SLEEP1 mode, except for the oscillation circuit of the high-frequency
clock,

1"
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@ SLEEPO0 mode

3)

In this mode, All the circuit, except oscillator and the Time-Base-Timer, stops operation,

This mode is enabled by setting “1” on bit TGHALT on the system control register? (SYSCR2). As
SLEEP0 mode is enabled, the timing generator halts (the system clock halts) and the CPU and other
peripherals are stopped.

As SLEEPO mode is enabled, the count on the Time-Base-Timer is cleared and the Time-Base-Timer
restart counting. When the count reaches the rate on TBTCR, SLEEPO releasing signal, which restarts
the timing generator, is generated and the hardware restores SLOW1 mode.

STOP mode

In this mode, the internal oscillation cireunit 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 STQP
mode,

STOP mode is started by the system control register 1 (SYSCR1), and STOP mode is released by a
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
STOP mode start instruetion,

12
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(a) Single ¢lock mode

(b) dual ¢clock mode

IDLED
maode
Reset release
instruction } TBT
instruction instruction
IDLE1 NORMAL1
mode [: mode :]
,ntefrupt ] §T_0.T7.p[n |nput
instruction instruction
instruction instruction
IDLE2 [: NORMAL2 :)
mode _ mode
interrupt STOP pin input
instruction instruction
instruction instruction
SLEEP2 [j : sSLOwW2 : : :-"—)
mode - mode
tntarrupt ] STOP pininput
instruction instruction
instruction L instruction
SLEEP1 [: ___:: SLowA : i )
mode - mode
interrupt STOP pin input
TBT 1 ' instruction
SLEEPQ
mode

RESET

STOP

S

Note: NORMALT and NORMALZ modes are generically called NORMAL ; SLOW1
and SLOW2 are called SLOW ;
1DLET, IDLED, SLEEPT and SLEEPD aro rallart INIF.

. oscillator Other Machine
Operating Mode - CPU core TBT ] .
High-freq. | Low-freq. Peripherals Cycle Time
RESET reset reset reset
. NORMAL1 Oscilla-
single SFI 2 operate operate 4/1fclsl
Clock IDLE1 tion Stop operate
IDLED halt
halt
STOP Stop. halt —
NORMAL2 operate with
High Freq. 4/fc[s]
IDLE2 Oscilla- halt
SLOW2 tion operate with
Dual Cscilla- Low Freq. operate operate
Clock SLEEP2 tion halt
SLOW1? operate with 4/ fs[s]
Stop Low Freg.
SLEEP1
SLEEPO halt halt
5TOP Stop halt é —

Figure 1-7. Operating Made Transition Diagram
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System Control Register 1
(%;g_g:;) [ sTop | rem [ retm [ouren]  wur | i (Initial value: 0000 00~+)
0: CPU core and peripherals remain active
STOP | STOP modestart 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 NOCRMAL mode
RETM | after STOP mode 11 return 1o SLOW mode RAW
Port output during 0: High Impedance
OUTEN STOP mode 1: Output Kept
Return to NORMAL mode Return to SLOW mode
Warming-up time at 00 3% 2%5/fc Ix 215
WUT | reieasing STOP mode 01 2% 2Vfs
10 3Ix2%fc 3% 254
11 2%fe 2fs
Note 1. Alwaysset RETM to "0" when transiting from NORMAL made to STOP mode. Always set RETM to "17

SYSCR2
(00033,

Note 2!

Note 3;

Note 4:
Note 5:
Note &:

Note 7.

when transiting from S5LOW mode to STOP mode.

When STOP mode is released with RESET pin input, a return is made to NORMAL1 regardless of

the RETM contents.

fc High-frequency clock [Hz]

fs; Low-frequency dock [Hz]

=, Don’t care

Bits 1 and 0in SYSCR1 are read as undefined data when a read instruction is executed,

As the hardware becomes STOP mode under OUTEN = "0”, input value is fixed ta "0"; therefore it may
cause interrupt request on account of falling edge.

When the Key on wake-up is used, the edge release can not function according to some conditions. It
is recommended to set the level release (RELM = "0”").

Port P20 is used as STOP pin. Therefore, when stop mode is started, OQUTEN does not affect to P20, and
P20 becomes Hi-Z mode.

Systern Control Register 2

z e B
Lxen Dren [ svso| oue | fowaw] i 0 (nitial value: 1000 «0ns)
XEN High-frequency oscillator 0: Turn off oscillation
control 1: Turn on oscillation
XTEN Low-frequency oscillator 0: Turn off oscillation
control 1: Turn on oscillation
Main system clock select .
: . 0: High-{l fock
SYSCK  |[{write) / main system clock ) Wgi-irequency clac RAW
. 1: Low-frequency clock
monitor (read)
0: CPYU and watchdog timer remain active
IDLE IDLE mode start .
moces 1: CPU and watchdog timer are stopped (start IDLE mode)
TGHALT TG stops 0: TG keeps its operation
{SLEEPO, IDLED mode) 1: TG stops (SLEEPQ, IDLEQ mode)
Note 1: XEN and SYSCK are autornatically overwritten in accordance with the contents of RETM (bit 5 in SYSCR1)
when STOP mode is released. But XTEN is not change.
RETM operating mode after STOP mode XEN SYSCK
0 NORMAL 1/2 mode 1 ¢
1 SLOW mode 0 1
Note 2: A resetisapplied (RESET pin cutput goes low) if both XEN and XTEN are cleared to "07, XEN is cleared to
"0" when SYSCK =0, or XTEN is cleared to "0" when SYSCK = 1.
Note 3: = Don'tcare
Note 4: Bits3, 1and 0 in SYSCRZ2 are always read as undefined value,

Figure 1-8. System Control Registers
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1.4.4 Operating Mode Control

(1)

STOP mode

STOP mode is controlled by the system control register 1, the STOP pin input and key wake-up input
(STOP2 to STOPS) which is controlled by the STOP mode release control register (STOPCR).

The STOP pin is also used both as a port P20 and an TN'T5 (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 2 ahead of the instruction (e.g. [SET (SYSCR1).7]) which started

STOP mode,

STOP mode includes a level-sensitive mode and an edge-sensitive mode, either of which can be selected
with the RELM (bit 6 in SYSCR1). Do not use any STOPx (x ; 2to 5) pin input for releasing STOP mode
in edge-sensitive mode,

Note: STOP pin doesn’t have the control register such as STOPCR, so when STOP mode is relesed by
STOPx (x; 2 to 5), STOP pin should be fixed to low.

Level-sensitive release mode (RELM =“1")

In this mode, STOP mode is released by setting the STOP pin high or setting the STOPx (x ; 2 to 5) pin
input which is enabled by STOPCR. 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 or STOPx (x ; 2 to 5) pin input which is enabled by STOPCR is low,
executing an instruction which starts STOP mede 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 and STOPx
(x ; 2 to 5) pin input which is enabled by STOPCR is high, The following two methods can be used for
confirmation.

(D Testing a port P20.
@ Using an external interrupt input INT5 (INT? is a falling edge-sensitive input),
Example 1; Starting STOP mode from NORMAL mode by testing a port P20.

LD (SYSCR1),01010000B ; Setsup thelevel-sensitive release mode

SSTOPH: TEST (PZ2DR). 0 ;  Waituntil the STOF pin inpul gues luw level
JRS F,SSTOPH
SET (SYSCR1).7 ;  Starts STOP mode

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

PINT5: TEST (P2DR).0 :  To reject noise, STOP mode does not start if
JRS F,SINT5 port P20 is at high
LD (SYSCRL),01010000B ; Sets up the level-sensitive release mode.
SET (SYSCR1).7 ;  Starts STOP mode

SINT5: RETI

15
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$T07 pin \ y e\

rid

46
XOUT pin , |
1

NORMAL : STOP | } ' NORMAL
operation ~ ‘g: operation 7 : Werm-up ' operation

Confirm by program that the STOP mode is released by the hardware.

. STOP pin input is low and start Always refeased if the STOP
STOP mode. pininputis high. )

Figure 1-9. Level-sensitive release Mode

Note 1:

Nofe 2:

Even if the STOP pin input is low or STOPx (x ; 2 to 5) pin input which is enabled by STOPCR is high
after warming up start, the STOP mode is not restarted.

In this case of chanaing to the level-sensitive mode from the edge-sensitive made, the release
mode is not switched until a rising edge of the STOP pin input is detected.

b. _Edge-gensitive release mode (RELM =*0™)

In this mode, STOP mode is released by a rising edge of the STOP pin input. Thisis 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. Do not use
any STOPx (x; 2 to 5) pin input for releasing STOP mode in edge-sensitive release mode.

Example: Starting STOP mode from NORMAL mode

LD (8YSCRI1), 100100008 ; Starts after specified to the edge-sensitive release mode

T 1 —
. | \ Vin \
STOP pin ! {4
1

:( fL
XOUT pin b %
! rr
NORMAL '! STOP ' ! ! STOP
operation operation e Warm-up - NORMAL b operation —
STOP mede started / \ operation /
by the program.

L

1
27 1
]
1

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

Figure 1-10. Edge-sensitive release Mode
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STOP mode is released by the following sequence.

@ In the dual-clock mode, when returning to NORMAL?2 or SLOW2, both the high-frequency and low-
frequency clock oscillators are turned on ; when returning to SLOWI1 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 warm-up period is inserted to allow oscillation time to stabilize. During warm-up, all internal
operations remain halted. Four different warm-up times can be selected with the WUT (bits 2 and 3
in SYSCR1) in accordance with the resonator characteristics.

(2 When the warm-up time has elapsed, normal operation resumes with the instruction following the
STOP mode start instruction. The start is made after the presealer and the divider of the timing

generator are cleared to “0”.

Table 1-1. Warm-up Time Example (at fc = 16.0 MHz, fs =32.768 kHz)

WUT Warm-up Time [ms]
Return to NORMAL mode Return to SLOW mode
00 12.288 750
01 4.096 250
10 3.072 2.83
11 1.024 1.95

Note: The warm-up time is obtained by dividing the basic clock by the divider :

therefore, the warm-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
warm-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,

observed.

The power supply voltage must be at the operating voltage level befure 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

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

the non-inverting high-level input voltage (hysteresis input).
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(2) IDLE mode (IDLE1, IDLE2, SLEEP1, SLEEP2)

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 2 ahead of the instruction which starts IDLE mode.

Y

Starting |IDLE mode
by instruction

CPU, WDT are halted

Reset input

No

Reset

Interrupt request

Normal
release mode

No

Yes (interrupt release mode)

Interrupt processing

—

Execution of the
instruction which follows
the IDLE mode start
instruction

v

Figure 1-12. IDLE Mode

Example: Starting IDLE mode,
SET (SYSCR2).4 ;IDLE «1
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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
TDLE2 to NORMATLZ2, from SLEEP1 to SLOW mode, and from SLEEP?2 to SLOW2 mode.

a, Normal release mode (IMF = “0”)

IDLE mode is released by any interrupt source enabled by the individual interrupt enable flag
(EF). Execution resumes with the instruction following the IDLE mode start instruction . The
interrupt latches (IL} of the interrupt source used for releasing must be cleared to “0” by load
instructions. However, only TBT interrupt can release IDLEQ/SLEEP0 mode,

b. Interrupt release mode (IMF=%1"}

IDLE mode is released and interrupt processing is started by any interrupt source enabled with
the individual interrupt enable flag (EF). After the interrupt is processed, the execution resumes
from the instruction following the instruction which starts IDLE mode. However, only TBT
interrupt can release IDLE(Q/SLEEPO0 mode.

IDLE mode can salso be released by inputting low level on the RESET pin, which immediately performs
the reset operation. After reset, the 86C829/H29/M29 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).
The following is the methods to switch the mode with the warming-up counter (TC4, 3),

. Switching from NORMAL2 mode to SLOW1 mode

First, set SYSCK (bit 5 in SYSCRZ) to switch the main system clock to the low-frequency clock for
SLOW2 mode.
Next, clear XEN (bit 7 in SYSCR2) to turn off high-frequeney oscillation,

Note: The high-frequency clock oscillation can be continued to return quickly to NORMALZ mode.

‘When the low-frequency clock oscillation is unstable, wait until oscillation stabilizes before performing
the above operations, The timer / counter 4, 3 (TC4, TC3) can conveniently be used to confirm that low-
frequency clock oscillation has stabilized.

Examplel: Switching from NORMALZ2 mode to SLOW1 mode.

SET (SYSCR2).5 ; SYSCK «1
(switches the main system clock to the low-frequeney
clock for SLOWZ2)

CLR (SYSCR2).7 ;i XEN <0

(turns off high-frequency oscillation)

Example2: Switching tothe SLOW1 mode after low-frequency clock has stahilized.
LD (TC3CR),43H ;  Setsmode for TC4, TC3 (18-bit TC, fs for source)
LD (TC4CR), 05H
LDW (TREG3A), B000H ; Setswarming-up time
{depend on oscillator accompanied)

SET (EIRH).3 ; Enables INTTC4
EI
SET (TC4CR).3 ; Starts TC4, 3
PINTTC1: CLR (TC4ACR). 3 ; StopsTC4,3
SET (SYSCR2).5 ;  SYSCK «1(Switches the main system clock to the
low-frequency clock)
CLR (SYSCR2).7 i XEN « 0(Turnsoff high-frequency oscillation)
RETI
VINTTC1: DW PINTTC4 ;i INTTC4 vector table

22



TOSHIBA Under Development TMP86C829/H29/M29

b. Switching from SLOW1 mode to NORMATLZ2 mode

First, set XEN (bit 7 in SYSCRZ2) to turn on the high-frequency oscillation. When time for stabilization
{warm-up) has been taken by the timer / counter 4, 3 (TC4, 3), clear SYSCK (bit 5 in SYSCR2) to switch

the main system clock to the high-frequency 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.

High-frequency clock W

Low-frequency clock | I EE—
Main system clock ' ouruooannr
SYSCK - 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 B6C829/H29/M29 are placed in NORMALT
mode.

Example: Switching from the SLOW1 mode to the NORMALZ2 mode
(fe=16 MHz, warm-up time is 4.0 ms).

SET (SYSCR2).7 ; XEN <« I (Starts high-frequency oscillation)
LD (TC3CR), 63H ;  Setsmode for TC4, TC8 (16-bit TC, fc for source)
LD (TCA4ACR), 05H

LD (TREG4A),0F8H ; Setswarming-uptime

SET (EIRH).3 ; Enables INTTC4
EI
SET (TC4CR). 3 i Starts TC4,3
PINTTC1: CLR (TC4CR). 3 ; StopsTC4,3
CLR (SYSCR2).5 ; SYSBCR « 0 (Switches the main system clock to the
high-frequency clock)
RETI
VINTTC1: DW FINTTC4 ;  INTTCA4 vector table
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1.5 Interrupt Control Circuit

The 86C829/H29/M29 are a total (Reset is excluded) of 15 interrupt sources for 19 interrupt factors; 3 of
the sources are multiplexed., Multiple interrupt with pricrities is available, 4 of the internal factors are
non-maskable interrupts, and the rest of them are maskable interrupts.

Interrupt sources are provided with interrupt latches (IL), which hold interrupt requests, and
independent vectors. The interrupt latch is set to “1” by the generation of its interrupt request which
requests the CPU to accept its interrupts. Interrupts are enabled or disabled by software using the
interrupt master enable flag (IMF) and interrupt enable flag (EF). If more than one interrupts are
generated simultaneously, interrupts are accepted in order which is dominated by hardware. However,
there are no pricritized interrupt factors among non-maskable interrupts.

Table 1-2. Interrupt Sources

- Interrupt | Vector I
Interrupt Factors Enable Condition Latch Address Priority
Internal / .
{Reset) non-maskable -_ FFFEy High 1
External
Internal [ INTSWI (Software interrupt) nen-maskable — FFFCH 2
Internai | INTUNDEF (Executed the Undefined Instruction interrupt) | non-maskable — FFFCy 2
Internal | INTATRAP (Address Trap interrupt) non-maskabie ILz FFFAY 2
Iinternal  [INTWDT (Watchdog Timer interrupt) non-maskable IL3 FFF8y 2
External |[INTO (External interrupt 0) IMF=1,EF;=1 ILg FFF6y 5
Extermal !INT1 (External interrupt 1) IMF=1,EF5=1 Ly FFF4y &
Internal | INTTBT (Time Base Timer interrupt) IMF=1,EFg=1 ILg FFF24 7
External |[INTZ (External interrupt2) IMF=1,EF;=1 ILy FFFOY 8
Internal | INTTC1 (18-bit TCY interrupt) IMF=1,EFg=1 ILg FFEEy 9
Internal | INTRxD (UART received interrupt)
I ARGt LA E L E L EE PR S IMF=1,EFg= 1 ILg FFECY 10
Internal | INTSIO (S10 interrupt)
Internal | INTTxD (UART transmitted interrupt) IMF=1, EF1p=1 ILyy MFEAL 11
tnternal |INTTC4 (TC4 interrupt) IMF=1,EFyy =1 ILyg FFE8y 12
internal [INTTC6 (TC6 interrupt) IMF=1,EF;=1 ILy2 FFE6y 13
Intarnal | INTADC {(A/D converter interrupt) IMFw 1, EFy3=1 L3 FFEAy 14
External |INT3 (External interrupt 3)
""""""""""" A e e e e e T s e e e == |MF=1,EF14=1 |L14 FFEZH 15
Internal  [INTTC3 (TC3 interrupt)
External |INTS (External interrupt 5)
-------------------- e m S m—cseeemem—me—ee===d [MF = 1, EFy5 = 1 Ly FFEO. Low 16
|_Internal | INTTCS (TCS interrupt)

Note 1: The following interrupt factors share their interrupt source; the factor is selected on the register INTSEL,
1} INTRXD and INTSIO share the source whose priority is 10.
2} INT3 and INTTC3 share the source whose priority is 15,
3} INT5 and INTTCS share the source whose priority is 16.

Note 2: 2 alternatives are to be chosen in case INTATRAP (address trap interrupt) is executed: interrupt or reset.
(for detail, see 2.4.5 address trap interrupt (INTATRAP)
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M

(2)

a)

Interrupt Latches {IL15 to IL3)

Arn interrupt latch is provided for each interrupt source, except for a software interrupt. When
interrupt request is generated, the latch is set to “1”, and the CPU is requested to accept the interrupt if
its interruptis enabled. All interrupt latches are initialized to “0” during reset.

The interrupt latches are located on address 003CyH and 003Dy in SFR area. Exzcept for IL3 and ILs,
ceach latch can be cleared to “0” individually by instruction (However, the read-modify-write
instructions such as bit manipulation or operation instructions cannot be used. Interrupt request would
be cleared inadequately if interrupt is requested while such instructions are executed.). Thus interrupt
request can be canceled /initialized by software.

Interrupt latches are not set to “1” by an instruction. Since interrupt latches can be read, the status for
interrupt requests can be monitored by software.

Example 1: Clears interrupt latches
LDW (ILL), 1110100000111111B ; Tigg, ILjgtoILg« 0
LD (ILH), 111110008 ; DyotoIlg« 0

Example 2: Reads interrupt latches

LD WA, (ILL) i WeILlyg, A<ILj
Example 3: Tests an interrupt latches

TEST (ILL). 7 ; if IL7=1 then jump

JR F,SSET

Interrupt Enable Register (EIR)

The interrupt enable register (EIR) enables and disables the acceptance of interrupts, except for the
non-maskable interrupts (software interrupt, undefined instruction interrupt, address trap interrupt
and watchdog interrupt). Non-maskable interrupt is accepted regardless of the contents of the EIR.
The EIR consists of an interrupt master enable flag (IMF) and the individual interrupt enable flags
(EF). These registers are located on address 003Cy and 003Dy in SFR area, and they can be read and
written by an instructions (including read-modify-write instructions such as bit manipulation or
operation instructions),

Interrupt master enable flag (IMF)

The interrupt enable register (IMF) enables and disables the acceptance of the whole maskable-
interrupt. While IMF=“0", all maskable interrupts are not accepted regardless of the status on each
individual interrupt enable flag (EF). By setting IMF to “1”, the interrupt becomes acceptable if the
individuals are enabled. When an interrupt is accepted, IMF is cleared to “0” after the latest status on
IMF is stacked, Thus the maskable interrupts which follow are disabled. By executing return interrupt
instruction [RETI/RETN], the stacked data, which was the status before interrupt acceptance, is loaded
on IMF again. '

The IMF is located on bit0 in EIRL {(address: 003Ay in SFR), and can be read and written by an
instruction. The IMF is normally set and cleared by [EI] and [DI] instruction respectively. During
reset, the IMF is initialized to “0”, and maskable interrupts are not accepted until it is set to “1”,
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b) Individual interrupt enable flags (EF;5 to EFy)

Each of these flags enables and disables the acceptance of its maskable interrupt. Setting the
corresponding bit of an individual interrupt enable flag to “1” enables acceptance of its interrupt, and
setting the bit to “0” disables acceptance. The individual interrupt enable flags (EFi5 to EFy) are
located on EIRL to EIRH (address: 003Ag to 003By in SFR), and can be read and written by an
instruction. During resel, all Lhe individual iolercupl enable Nags (EF)5 to EF4) are initialized to “0”
and all maskable interrupts are not accepted until they are set to “1”.

Ezample 1: Enables interrupts individually and sets IMF

DI L ; IMF <0
LDW (EIRL), 1110100010100000B  ; EF;5toEFy3, EFy1, EFy, EF5 «1
: Note: IMF is not set.

EI ; IMFe1
Example 2: C compiler description example

unsigned int _ jo (3AH) EIRL; ;  /*3AH shows EIRL address */
~DI();
EIRI =10100000B;

_EI()

Interrupt Latchoc (IL)

15 14 13 12 1 10 9 8 7 3 5 4 3 21 G
[iqe i tlya flqg 0z § Mqq i llg i g F Ilg | Iy | g & ILe : ILg : ILy i Iz |
LN

N

1Ly (003Dy) 1L, (003Cy)
(Initial value: 00000000 000000=x}
at RD at WR
ILystolts | Interrupt Latches 0: nointerruptrequest 0: clearsthe interrupt request {Note 1} RAW
1: interrupt request 1: (Interrupt Latch is not set.)

Note 1: IL2 and IL3 are prohibited from clearing.

Interrupt Enable Registers (EIR)

> 14 13 12 11 10 9 8 7 6 5 4 3 2 0 1.0
| EFys i EFyg: EFy3; EFqp i EFqq i EFg i EFg : EFg | EFy : EFg : EFs : EFg | = & [ INF |
7\

—
EIRy (003Bg) EIR, (003A4)
(Initial value: 00000000 00000%»x)

Note 1; Do not clear IL with read-modify-write instructions such as bit operations.
Note2: =; Don'tcare

Note 3: When manipulating EF, clear IMF (to disable interrupts) beforehand.
Note 4: Do not set IMF to 1 simultaneously with EF.

Figure 1-16. Interrupt Latch (lL),'In'terrupt Enable Registers (EIR)
(3} Selecting interrupt factor (INTSEL)

Each interrupt factor, that shares its interrupt source with other factors, enables its interrupt latch (IL)
only if it is selected on INTSEL. The interrupt controller does not hold the interrupt request, while the
factor generates the interrupt request is not selected on INTSEL. Therefore, set INTSEL appropriately
before interrupt factors arises.
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Interrupt source selector

(‘[’)"OESEEH'-) (Initial value: *Q#* x+00)
ILSER alternative of 0: INTRXD
INTRXD or INTSIO 1: INTSIO
Cen|sheratist W ww

Figure 1-17. Interrupt Source Selector -

1.5.1 Interrupt Sequence

An interrupt request, which raised interrupt latch, is held, until interrupt is accepted or interrupt latch
is cleared to “0” by resetting or an instruction. Interrupt acceptance sequence requires 8 machine cycles
(4 s at 8.0 MHaz) after the completion of the current instruction, The interrupt service task terminates
upon execution of an interrupt return instruction [RETT] (for maskable interrupts) or [RETN1 (for non-
maskable interrupts). Figure 1-18 shows the timing chart of interrupt acceptance processing.

(1) Interrupt acceptance processing is packaged as follows.
a) The interrupt latch (IL) for the interrupt source accepted is cleared to “0”.

b) The contents of the program counter (PC) and the program status word, including the interrupt master
enable flag (IMF), are saved {pushed) on the stack in sequence of PSW+IMF, PCH,PCL, Meanwhile,
the stack pointer (SP) is decremented by 3.

¢) The interrupt master enable flag (IMF) is cleared to “0” in order to disable the acceptance of any
following interrupt.

d) The entry address (interrupt vector) of the corresponding interrupt service program, loaded on the
vector table, is transferred to the program counter.

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

. 1 interrypt service task 1
1 machine cycle I 1
et S U TR Y TN Y T Y Y NN T Y Y (N Y AN TR NN T B
] 1 ] ]
Interrupt ' ! H H
r:qeuest ' & I ' :
1 1 t
Interrupt :Q { :
latch (IL) 1 : 1 :
1 I/ I ]
] 1 i ]
T T 1
% ! \\‘( : I ( :
1 1 T !
': : ! !
an:S:::OH |,,E,§,.E|f'éﬁgn X Interrupt acceptance Xlnstructlon \ . Fyaruta RETLingtruction X
< s X : ommmm C e =
sP n n
Note 1; a, return address entry address b; entry address ¢, address which RET! instruction is stored
Note 2: On condition that interrupt is enabled, it takes 38/fc [s] or 38/fs {s] at maximum (If the interrupt latch is set at
the first machine cycle on 10 cycle instruction) to start interrupt acceptance processing since its interrupt latch
is set.

Figure 1-18. Timing chart of Interrupt Acceptance/Return Interrupt instruction
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(2)

a)

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

vector table address

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 requested.

In order to utilize nested interrupt service, the IMF ig set to “1” in the interrupt service program. In
this case, acceptable interrupt sources are selectively enabled by the individual interrupt enable flags.
To avoid overloaded nesting, clear the individual interrupt enable flag whose interrupt is currently
serviced, before setting IMF to “1“. As for non-maskable interrupt, keep interrupt service shorten
compared with length between interrupt requests; otherwise the status cannot be recovered as non-
maskable interrupt would simply nested.

Entry address

Interrupt
service
program

FFF2y
FFF3

D203y
D204,

Saving/Restoring general -purpose registers

During interrupt acceptance processing, the program counter (PC) and the program status word (PSW,
includes IMF) are automatically saved on the stack, but the accumulator and others are not. These
registers are saved by software if necessary. When multiple interrupt services are nested, it is alsa
necessary to avoid using the same data memory area for saving registers. The following methods are
used to save/restore the general-purpose registers.

using PUSH and POP instructions
To save only a specific register, PUSH and POP instructions are available.
Example: save/store register using PUSH and POP instructions

PINTxx: PUSH WA i Save WA register

(interrupt processing)
POP WA ; Restore WA register
RETI ; RETURN
........................................ Address
................................................................................ {Example)
.................... P e | 00238
............................. A e B
P e, W . S OIS IR I usz3c
LG PC. PC, 00230
...... e PCH b . P
B S P E SRt 0023F

At Acceptance of T At Execution of
an Interrupt

PUSH instruction

|::> At Execution of
POP instruction

=

At Execution of
an RET! instruction
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b) using data transfer instructions

To save only & specific register without nested interrupts, data transfer instructions are available.
Example: save/store register using data transfer instructions

PINTxx: LD (GSAVA) A ;  Save Aregister

(interrupt processing)
LD A, (GSAVA) ; Restore A register
RETI ; RETURN
Main task

Interrupt Interrupt
acceEtance semce task
&\“ N saving

N
\\§ registers

///

07 ///m
g/é//

7oA

s
N

................... DRI
| Interrupt return

Saving/Restoring generai-purpose registers using PUSH/POP instruction

restoring
registers

/ ////l

Figure 1-19. Saving/Restoring general-purpose registers under interrupt processing

(3) Interruptreturn

Interrupt return instru‘ctions [RETI]/ [RETN] perform as follows.

{RETI}/{RETN] Interrupt Return

@ Pragram Counter (PC) and program status word
{PSW, includes IMF) are restored from the stack.

@ Stack pointer {SP} isincremented by 3.

As for Address Trap interrupt INTARTAP), it is required to alter stacked data for program counter
(PC) to restarting address, during interrupt service program, Otherwise returning interrupt causes
INTATRAP again. When interrupt acceptance processing has completed, stacked data for PCL, and
PCy are located on address (SP+ 1) and (SP + 2) respectively.
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1.5.2

®

1.5.3

Example 1; returning from address trap interrupt (INTATRAP) service program

PINTzx: POP WA ; Recover SPby2
LD WA, Return Address ;
PUSH WA ; Alterstacked data
(interrupt processing)
RETN ; RETURN

Example 2: restarting without returning interrupt
(In this ease, PSW (includes IMF) before interrupt acceptance is discarded.)

PINTxx: INC SP - ; RecoverSPby3
INC SP ;
INC SP :
(interrupt processing)
LD EIRL, data 3 Set IMF to “1” or clear it to “0”
JP Restart Address ; Jumpintorestarting address

It is recommended that stack pointer be return to rate before INTATRAP (increment 3 times), if return
interrupt instruction [RETN] is not utilized during interrupt service program under INTATRAP (such
as Example 2).

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.

Software Interrupt (INTSW)

Executing the [SWI] instruction generates a software interrupt and immediately starts interrupt
processing (INTSW is highest prioritized interrupt).
Use the [SWI] instruction only for detection of the address error or for debugging.

Address error detection

FFy is read if for some cause such as noise the CPU attempts to fetch an instruction from a non-existent
memory address during single chip mode. 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.

Undefined instruction interrupt (INTUNDEF)

Taking code which is not defined as authorized instruction for instruction causes INTUNDEF.
INTUNDEF is generated when the CPU fetches such a code and tries to execute it. INTUNDEF is
accepted even if non-maskable interrupt is in process. Contemporary process is broken and
INTUNDEF interrupt process starts, soon after it is requested.

Note: The undefined instruction interrupt (INTUNDEF) forces CPU to jump into vector address, as
software interrupt (SWI) does.
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1.5.4 Address trap interrupt (INTATRAP)

1.5.5

Fetching instruction from unauthorized area for instructions (address trapped area) causes reset-output
or address trap interrupt (INTATRAP). INTATRAP is accepted even if non-maskable interrupt is in
process. Contemporary process is broken and INTATRAP interrupt process starts, soon after it is
requested.

The address trapped area is alternative: SFR and RAM, or SFR only,

Note: The operating mode under address trapped, whether to be reset-output or interrupt
processing, is selected on watchdog timer control register (WDTCR).

External Interrupts

The 86C829/H29/M29 have five external interrupt inputs. These inputs are equipped with digital noise
reject circuits (pulse inputs of less than a certain time are eliminated as noise),

Edge selection is also possible with INT1 to INT3, The INTO /P10 pin can be configured as either an
external interrupt input pin or an inpul / vutpul purt, and is cunfigured as an input port during reset.
Edge selection, noise reject control and TNTO / P10 pin function selection are performed by the external
interrupt control register (EINTCR),

Table 1-3. External Interrupts

Source Pin function pin | Enable conditions Edge Digital noise reject

Secondary

INTO

Pulses of less than 2/¢ [s] are eliminated as
noise. Pulses of b/f¢ [s] or more are considered
to be signals. In the SLOW or the SLEEP mode,
pulses of less than 1/fs [s) are eliminated as
noise. Pulses of 3/fs [s] or more are considered
to be signals.

——— IMF=1, EFg=1, .
PE3 INTOEN = 1 falling edge

3
(=

INT1 INT1 P12 IMF - EFg=1

Pulses of less than 15/fc or 63/f¢ [s] are
eliminated as noise. Pulses of 48/f¢ or 192/fc
[s] or more are considered to be signals.

In the SLOW or the SLEEP mode, pulses of less

INT2 INT2 P13/5EG28 [ IMF:EFz=1 or

than 1Hs [s] are eliminated as noise. Pulses of
3/fs [s] or more are considered to be signals.

Pulses of less than 7Hc [s] are eliminated as
noise. Pulses of 24/fc [s] or more are

falling edge

rising edge

INT3 INT3 P14/5EG27

considered to be signals.

IMF-EFy5=1 In the SLOW or the SLEEP mode, pulses of jess
IL14ER=0 than 1/fs [s] are eliminated as noise. Pulses of
3/fs [s] or more are considered to be signals.

INTS P20/STOP IL1SER = 0 falling edge

Pulses of less than 2/c [s] are eliminated as
noise. Pulses of 6/fc [s] or more are considered
to be signals. Inthe SLOW or the SLEEP mode,
pulses of less than 1/s [s] are eliminated as
noise. Pulses of 3/fs {sl or more are considered

1o be signals.

IMF - EF 5= 1

o]
Ll

Note 1: If a noiseless signal is input to the external interrupt pin in the NORMAL 1/2 or IDLE 112
mode, the maximum time from the edge of input signal until the IL is set is as follows :
@ INTI pin 49/fc [s] INTINC = 1), 193/fc [s] (INTINC =0)
@ INT2, INT3 pin 25/fc[s]
Note 2: Even if the falling edge of INTO pin input is detected at INTOEN =0, the interrupt latch ilq is
not set.
Note 3: When data changed and did a change of /O when used external interrupt ports as a normal
ports, interrupt request signal occurs incorrectly. Handling of prohibition of interrupt

enable register (EIR) is necessary.
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EINTCR 7 6 5 4 3 2 1
INTT | INSO | 7 INT3 T INT
wonzzyy LN | W | i [N

(Initial value: 00% GOO*)

. . , 0: Pulses of less than 63/fc [s] are eliminated as noise
INTIN N eselect
¢ oise reject tim 1: Pulses of less than 15/fc [s] are eliminated as noise
_— . . 0: Pulses of less than 63/fc [s] are eliminated as noise
INTOEN | P1O/INT onfiguration - .
_ INTO pin configuratio 1: Pulses of less than 15/f¢ [¢] are eliminated as noise W
INT3 ES R
INT2ES | INT3 to INT1 edge select ?j :"l'l’."g edge
INT1ES - : Falling edge

Note: fc; High-frequency dock [Hz] « ; Don‘t care

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

The 86C829/H29/M29 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 1-7
shows on-chip hardware initialization by reset action.
The malfunciion 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/fe[s] (1.5 us at 16.0 MHz) when power is turned on.

Table 1-4. Initializing Internal Status by Reset Action

On-chip hardware Initial value On-chip hardware initial value
Program counter {PC) (FFFEW)
Stack pointer {SP) natinitialized Prescaler and Divider of timing
General-purpose registers not initialized generator 0
(W, A,B,CD,EH,L
Jump status flag (IF) not initialized Watchdog timer Enable
Zero flag (ZF) notinitialized
Carry flag {CF) notinitialized
Hlalf carry flag (HF) not :mitialized Output fatches of VO ports R.efer to /O port
Sign flag (5F) notinitialized circuitry
Qverflow flag {VF} not initialized
Interrupt master enable flag  (IMF) 0
Interruptindividual enable flags 0
. Refer to each of
{EF) Control registers )
Interrupt latches (L) [ control register

RAM

notinitialized

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/fcgek [s]) with the power
supply voltage within the operating voltage range and oscillation stable, a reset is applied and the
internal state is initialized.

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

VDD

-

[j—-—-—&—» Reset input
Malfunction
—< H reset output

Sink open drain cireurt

ﬂatchdog timer reset l
- I Address trap reset l
\J_I»——I System clock reset |

Figure 1-21. Reset Circuit
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1.6.2 Address-Trap-Reset

If the CPU should start Iooping for some cause such as noise and an attempt be made to fetch an
instruction from the on-chip RAM or the SFR area, address-trap-reset will be generated. Then, the
RESET pin output will go low. The reset time is about 8/fc to 24/f¢ [s] (0.5 to 1.5 s at 16.0 MHz),

Instruction JP a leeset release Xinstruction ataddress
execution ! !
Address-trap is occurred ! !
RESET output (“L” autpul) f_ (Hi-Z)i i
S ]
| P l i
| e i i
! 8/fc ta 2474¢ [s] ' a/fc U 166 [s] !
to
12#¢ [s]

Note 1: Address "a” isin 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,
Note 3: Varies on account of external condition: voltage or Capacitance

Figure 1-22. Address-Trap-Reset

Note: The operating mode under address trapped js alternative of reset or interrupt. The address
trap area is alternative.

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 “07, clearing XEN to “0” when SYSCK =0,
or clearing XTEN 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, XEN=SYSCK =0, or XTEN=0/SYSCK =1 is detected to continue the oscillation.

The, the RESET pin output goes low from high-impedance. The reset time is about 8/fc to 24/fc [] (0.5 to
1.5 zs at 16.0 MHz).
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On-Chip Peripherals Functions

Special Function Register (SFR}

The TMP86C820/H29/M29 adopt the memory mapped I/O system, and all peripheral control and data
transfers are performed through the special function register (SFR). The SFR is mapped on address
0000y to 003Fy, DBR is mapped on address 0F80y to OFFFy. '

Figure 2-1 (a) to 2-1 (c) indicate the special function register (SFR) and data buffer register (DBR) for
TMP86C829/H29/M29.

Address

o
02
03
04
05
06
07
08
09

oo

0E
OF
10
"
12
13

15

Read

Address

Read

0000 [ e

oAl .
oc |
oo ...

... FIOUTCR P3 Port outputcircults select register)

. PSDR{PSPortoutputlatch)
utput| .
evereerrenensseennna FTDR(P7 Purtoutputlatchy
. PIPRDET Terminalinpuyy | =
... P2PRD (P2 Terminal input)
P3PRD (P3 Terminal input)

vrerene s FECR{PE Portinputfoutput control)
PTPRD (P7 Terminalinput) | "
... ADCCR1 (AD contral ¢

0020,
21

2 1.,
3 .

24

23

2 |,
29 |,
281,
..
e

2F

ADCDR1 (A/D converter register 1)
ADCDR2 (AD

LCDCR (LCD controtregister) ..o,

PWREGS (Timer register)

PWREGA (Timer registerd) | ..o,
PWREGS (Timer register 5)
PWREGS (Timer register 6)

AL RN

16

JREGIB (Timer registeriB)
r Counter 1 control)
vevesisesmsesessensnere VCIGRE Timer Counter 1 control)
TC1SR{TC1 Status)
"""""""""""""""""""" reserved
... TC3CR (Timer Counter 3 control)
........................... TCACR (Timer Counter dcontrol)
...TCSCR(Timer CounterScontral)
TCBCR (Timer Counter 6 control)

L TIREGS (Timer register 3) o oeivvernseeeeenienns

TTREGE (Timer register 6)

3 |

34

36 |
37 |...
ELT W

39
3A

3B,

3C
3D
3E
3F

FOSRIVED e,
reserved

(WDTCR1 (watch dog timer control)

PSW (Program Status word)

Figure 2-1{a). The Special Function Register (SFR) for TMP86L829/H29/M29

Address
OF30y

81

82

83

84

85

86

87

88

;13
8F

bit7 | bit6 | bits | bita | bic3 | bitz | b1 | bito

Address

89 |,
BA ..
8B |...
8C |...
L

SEG3

0090,

91
920 e

93

sa]...
95)...
9.
LI IO

98
99
9A
38

9C)...
90,

9E
OFFF

SIOBRO (SI0 Buffer 0)

{510 Buffer 1)

(510 Butfer £)
{SIO Buffer 7)

reserved
reserved
reserved

reserved

Figure 2-1({c). The Data Buffer Register (DBR) for TMP86C829/H29/M29
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2.2 VOPorts
The 86C829/H29/M29 have 5 parallel input/output ports (39 pins) as follows.

Primary Function Secondary Functions

Port P1 8-hit /0 port External interrupt input, serial interface input / output, UART
input/output and segment output.

Port P2 3-bit 1/0 port Low-frequency resonator connections, external interrupt input,
STOP mode release signal input.

Port P3 4-bit /O port Timer / counter input/output and divider output,

Port P5 8-bit 1/O port Segment output,

Port P6 8-bit I/O port Analog input, external interruptinput, timer/counterinput and
STOP mode release signal input.

Port P7 8-bit /0 port Segment output.

Each output port contains a latch, which holds the output data. All input ports do not have latches, so
the external input data should be externally held until the input data is read from outside or reading
should be performed several timer 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 cannot be recognized from outside, so that transient input such as chattering
must be processed by the program.

Output data changes in the 52 state of the write cycle during execution of the instruction which writes

to an I/0 port,
| tetch cycle -t fetchcycle i read cycle :
S0 S1 S2 S3 S0 S1 S2 53 SO 51 52 S3
Instruction execution cycle Ex: LD A, (x) T----
——_—— 1 ! 1 1 1 L 1 1 1 i L ——

Input strobe .... - I I -

vaivot - 0000000 YO,

(2} Inputtiming

., fetchcyde | fetchcycle write cycle

L 3

S0 51 52 33 30 31 52 53 50 S1 52 s53

instruction execution cycle J Ex: LD {x), A '
1 1 L 1 1 L L ] 1 i 1

Output strobe ... I L

Data output _ old X new ::
{b) Outputtiming

Note: The positions of the read and write cycles may vary, depending on the instruction.

Figure 2-2. Input/Qutput Timing (Example)
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2.2.1 PortPt (P17 to P10)

Port P1 is an 8-bit input/output port which is also used as an external interrupt input, serial interface
input/output, UART input/output and segment output of LCD, When used as a segment pins of LCD,
the respective bit of PILCR should be set to “1”.

When used as an input port or a secondary function (except for segment) pins, the respective output
latch (P1DR) should be set to “1” and its corresponding P1LCR bit should be set to “0”, When used as an
output port, the respective PILCR bit should be set to “0”, During reset, the output lateh is initialized
to “1”,

P1 port output latch (P1DR) and P1 port terminal input (P1PRD) are located on their respective
address.

‘When read the cutput latch data, the P1DR should be read and when read the terminal input data, the
P1PRD register should be read.

If the terminal input data which is configured as LCD segment output is read, unstable data is read.

Terminal input(P1PRD) -

PILCRI m

P1LCRi input

Contorl input - ] *ﬁg’—

Output latch data (P1DR})

Data output (P1DR)

BESELN

Note; i=7to0

]
<
o o

Output latch

Control output
i —

OUTEN
LCD data output —»ILQ—I r|>

7 6 5 4 3 2 1 0

piDR | P17 [ P16 | P15 [ P14 [ P13 [ P12 [ i1 | P10
(0001y) | SEG2¢ |SEG2S, SEG26 | SEGZ7 | SEG2B | SEG29|SEG30 | SEG3T | (il value: 1111 1111)

SCK TxD RxD INT2 | INT2 | INTY
S0 S

PILCR | ! [ [ [ | | | | nitial value: 0000 0000)
(0029

0: P1input/output port or secondary function
(expect for segment) RAW
1: segment output

Port P1/segment output select

PILER | (et for each bit individually)

pipRop | P17 [ P1s | P15 [ P1a [ P13 [ P12z [ P11 | Pio |
(0008,)
Read only

Figure 2-3. Port1
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2.2.2 PortP2(P22to P20)

Port P2 is a 3-bit input/output port.

It is also used as an external interrupt, a STOP mode release signal input, and low-frequency crystal
oscitlator connection pins. When used as an input port or a secondary function pins, respective output
latch (P2DR) should be set to “1”.

During reset. the P2DR is initialized to “1”.

A low-frequency crystal oscillator (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, T
1t is recommended that pin P20 should be used as an external interrupt input, & STOP mode release
signal input, or an input port. If it is used as an output port, the interrupt latch is set on the falling edge
of the output pulse.

P2 port output latch (P2DR) and P2 port terminal input (P2PRD) are located on their respective
address.

‘When read the output latch data, the P2DR should be read and when read the terminal input data, the
P2PRD register should be read. If a read instruction is executed for port P2, read data of bits 7 to 3 are

unstable,
Data input (P20PRD) = <} ﬂ—
Data input (P20) <—<]—1
Data output (P20) ﬂ {:> 7] r20anTE, 5T0R)
Output latch
Contorl input - ﬂ

Data input [P21PRD} <]_<Q—
Data input (P21) -t——ﬂ—l Osc. enable
Data output (P21) — - T [ 21 XTIy
Data input (P22PRD) = <}l %
Data input(P22) "——q—l \
Data output (P22) —»D

L=
fa)
L
T
AN

‘ \I D P22 (XTOUT)

=
N 7
\/

OUTEN
XTEN
fs = @
...... LSS, S-S SO SR ! 0

P2DR ! : § ! p22 | P21 | P20
(0002) i XTOUT| XTIN | INTS | (Initial value: #%x% %111)
RW b STOP '
oaorp | — | -~ l _ |
(0009, e
Read only

Figure 2-4. Port2

Note: Port P20 is used as STOP pin. Therefore, when stop mode is started, OUTEN does not affect to
P20, and P20 becomes Hi-Z mode.
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2.2.3 PortP3 (P33 to P30)

Port P3 is a 4-bit input/output port.

It is also used as a timer/counter input/output, divider output output.

When used as an input port or a secondary function pins, respective output latch (P3DR) should be set to
“1".

During reset, the P3DR is initialized to “1”. It can be selected whether output circuit of P3 port is Push-
pull port or a sink open drain individually, by setting PSOUTCR. When a corresponding bit of
P30UTCR ig “07, the output circuit is selected to a sink open drain and when a corresponding bit of
P30UTCR is “1”, the output cireuit is selectad to a push-pull output.

P3 port output latch (P3DR) and P3 port terminal input (PS3PRD) are located on their respective
address.

‘When read the output latch data, the P3DR should be read and when read the terminal input data, the
P3PRD register should be read. If a read instruction is executed for port P3, read data of bits 7 to 4 are
unstable,

o —d >
OUTEN
P3OUTCRi

P30OUTCRI input
Data input (P3PRD) -=

Data input (P3DR} <————<—

2\

Data output (P3DR} ——-Im———j_\ l'l;> D pai
Control autput =| .
Control input - Note: i=3to0
...... b5 s 3 2 ! 0
. PIDR ! i i P33 [ P32 [_p31 [ P30
{0003,) i : ! : PWME | PWM4 | PWM3 | DVO
R/W : : : PDO6& | PDO4 | PDO3 (Initial value: ***x 1111)
: PPGE | PPGA TC3
TCe TC4
P30UTCRI }_ [ l | (nitial value: xs+ 0000)
0008y e D
Port P2 push-pull control 0: Nch open-drain input/output
P3OUTCR (set for each bit individually) 1: Push-pull output RIW
P3PRD i ; i i | ps3 | ez | P31 [ P30 |

Read only

Figure 2-5. Port3
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2.2.4 PortP5 (P57 to P50)

Port P5 is an 8-bit input/ output port which is also used as a segment pins of LCD.

When used as input port, the respective output latch (P5DR) should be set to “1”.

During reset, the P5DR is initialized to “1”,

When used as a segment pins of LCD, the respective bit of PSLCR should be set to “1” and its
corresponding I.CR bit should be set to “0™, When used as an output port, the respective LCR bit should
be set to “0”.

P5 port output latch (P5DR) and P5 port terminal input (PSPRD) are located on their respective
address. '

‘When read the output latch data, the PSDR should be read and when read the terminal input data, the
P5PRD register should be read. If the terminal input data which is configured as LCD segment output
is read, unstable data is read.

e p— I
OUTEN ]_D_

PSLCRi > D

i

PSLCRI input

Data input (PSPRD)

Data input {PSDR) Q—I 1
Data output {P5DR) Jl v q ] : _D P5i
Output latch
[~ Note; i=7to0
LCD data output =0 Qf {:}
LDC output
7 6 5 4 3 2 1 0

P5DR PS7 | PS6 | PS5 | P54 | PS3 | P52 | P51 | P50

(0005 |SEG16 | SEGT7 | SEG18 | SEG19 | SEG20 | SEG21 | SEG22 |SEG23 | (Initialvalue: 11111111
RAWV

| wnitial value: 0000 0000)

PSLCR | I | | |

(002Ag)

—

Port PS [ segment output select 0: P5input/output port RW

PSLCR (set for each bit individually) 1: LCD segment output

pspRD | P57 | P56 | Pss | Psa | ps3 | es2 | ps1 | Pso |
(0008,,)
Read-only

Figure 2-6. Fort5s
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2.2.5 PortP6 (P67 to P60)

Port P8 is an 8-bit input / output port which can be configured as an input or an output in one-bit unit.
Port P8 ig also used as an analog input, Key on Wake up input, Timer / counter input and external
interrupt input. Input/output mode is specified by the P6 control register (P6CR), the P6 output latch
(PSDR), and AINDS (bit 4 in ADCCR1). During reset, PEBCR and PADR are initialized to “0” and
ATNDS is set to “1”7, At the same time, pins P67 to P60 are fixed to “0” level. To use port P6 as an input
port, set data of P6DR to “1” and P6CR to “0”. To use it as an output port, set data of P6CR to 1", To
use it as an analog input, set data of P6DR to “0” and P6CR to “0”, and start the A/D. It is the
penectration electric current measures by the analog voltaga.

Pins not used for analog input can be used as I/O ports. During A/D conversion, output instructions
should not be executed to keep a precision. In addition, a variable signal should not be input to a port
adjacent to the analog input during A/D conversion.

When the A/D converter is in use (P6DR =0), bits mentioned above are read as “0” by executing input
instructions.

STOPJEN
Key on Wake up ‘®£

Analeg input
AINDS
CAIN _ﬂ?j
PECRI —|D Q :
PECRI input e J‘]
Data input (PSDR) = ——< @%
|_<1 Note1: i=7100,j=7to4
™~ Note 2: STQP s bit7 in SYSCR1
Data output (PF6DR) ——>1o g —{ {T] P6i  Note 3: SAINisbit 0 to 3in ADCCRA
Note 4: STOPRIEN is bit 4 to 7 is STOPCR.
STOP
6OR 7 6 5 4 3 2 1 0
P , 0 0 n n 0 T
P67 : P66 : P65 | P64 : P63 | P62 : PE1 | PED . )
(00064) | AIN7 ; AING : AINS | AINA | AIN3 ; AINZ : AINT i AINO (initial value: 0000 0000)
RAvY STOPS:STOPA:STOP3:STOPZ: INTO : ECNT : ECIN ¢
PECR 7 6 5 4 3 2 1 0
©oGy | i ] . o] {initia) value: 0000 0000)
AINDS = 1 (A/D unused) AINDS =0 (A/D used)
PECR IO control for port P6 P6DR = "0" P6DR="“1" P6DR ="0" PBDR="1"
(specified foreachbit) | o |input”0" fixed [ Input mode A/Dinput Input made RAW
1 Output mode Output mode
Note 1; Port PG can be set to the output mode even if it is used as an analog input. Note that a coflision with
externai signals may occur. :
Note 2: When used as an INTO, ECNT and ECIN pins of a secondary function, the respective bit of PECR should be set
to "0” and the P6 should set to *1~.
Note 3: When used as an STOP2 to STOPS pins of Key on Wake up, the respective bit of P6CR should be set to *0”.
Note 4: When a read instruction for part P§ is executed, the bit of Analog input mode becomnes read data 70",
Figure 2-7. Port6 and PeCR
Note: When used as Input or Analog input mode (case of these mode are used T bit or more), P6DR

should not use Read-modify-write instruction.

Read-modify-write instruction writes the all data of 8-bit after data is read and modified. Because
a bit setting Input mode read data of terminal, the output latch is changed by these instruction.
So P6 port can not input data.
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2.2.6 PortP7 (P77 to P70)

Port P7 is an 8-bit input/ output port which is also used as a segment pins of LCD.

When used as input port, the respective output latch (P7DR) should be set to “1”.

During reset, the P7DR is initialized to “1”.

When used as a segment pins of LCD, the respective bit of PTLCR should be set to “1” and its
corresponding P7LCR bit should be set to “0”. When used as an output port, the respective PTLCR bit
should be set to “0”.

P7 port output latch (PTDR) and P7 port terminal input (P7PRD) are located on their respective
address. '
When read the output latch data, the P7DR should be read and when read the terminal input data, the
P7PRD register should be read. If the terminal input data which is configured as LCD segment output
is read, unstable data is read.

soe——_ »

OUTEN I_JD—
P7LCRI —b@

P7LCRi input <]

P7LCRI
Data input (P7PRD) =

Data input (P7DR) <I_l ‘
Data output (P7DR} ﬂ ‘ > D P7i
Output latch

I Note: i=7to0
LCD data output ————»@ l/\

LOC output

7 6 5 4 3 2 1 0

P7DR P77 P76 P75 P74 P73 P72 P71 P70 . .
(0007,) | SEGB | SEGY |SEG10 | SEG11 | SEG12 | SEG13 | SEG14 | sEGqs | (Initial value: 1111 1111)
RIW

PILCR | | | | T | ] [ ] nitial value: 0000 0000)
(0028,
P7LCR Port P7 f segment output seiect 0: P7input/output port RAW
{set for each bit individually) 1: segment output

prpRO | P77 ] P76 | P75 | P74 [ P73 | P72 | P71 | P70 |
(000D
Read-oniy

Figure 2-8. Port?
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2.3

Time Base timer (TBT}

The time base timer generates time base for key scanning, dynamic displaying, ete. It also provides a

time base timer interrupt INTTBT).

An INTTBT is generated on the first rising edge of souree 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 2-9.(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 ean be performed simultaneously.

Source clock

Y
| }-I Rising edge detector |-> INTTBT interrupt request

MPX
/22 or 2" >— A
fc/29 or f/2% >—B
f/2' or f32° >—-ig
fo2" or 12 >— b
fo/2" or 192 >—E
w2 o Iv2* >—{F
fo2" or f5/2° >— G
fg2* orfsf2 >—{H s

3L

TBTCK

TETEN

I TBTCR |

Time base tinter conrel 1eyiaten

(a) Configuration

Source clack _.I_,.___l—]_|_r

TBTEN

INTTBT '
1
L]

Enable TBT

"Interrupt period

Note: MPX ; Muitiplexer

(b} Time base timerinterrupt

Figure 2-9. Time Base Timer

Example: Sets the time base timer frequency to fc/216 [Hz] and enables an INTTBT interrupt.

LD (TBTCR), 00001010B
SET (EIRL).6
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7 6 5 4 3 2 1 0
TBTCR . .
{00036, [ovoeny]  ovooo  [eovrak | TeTen | TBTCK , | (nitial value: 0x#0 0xxx)
Time base timer enable / 0: Disable
TBTEN disable 1: Enable
NORMAL1/2, IDLE1/2 mode
DVICK =0 DvicK=1 ] rOW SLEEPmode
i o 000 o2 /2™ 2
Time base timer interrupt 001 fo/221 fer213 fgfam
TBTCK | frequency select [Hz] 010 fe/2% fs/28 -
011 fe/2¥ fs/28 -
100 fer2® fe/25
101 foz™ fs2*
110 fe2M f/2? -
111 fe/2d fs/2 -
Note: fc; High-frequency clock [Hz], fs; Low-frequency clock [Hz], » ' Don‘tcare

Figure 2-10. Time Base Timer Control Register

Table 2-1. Time Base Timer Interrupt Frequency {(Example ; fc = 16.0 MHz, fs =32.768 kHz)

Time base timer interrupt frequency [Hz]

TBTCK

NORMAL1/2, IDLE1/2 mode

SLOW, SLEEP

DV7CK =0

DV7CK = 1

mode

D00 L

3906750
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2.4 Watchdog Timer (WDT)

The watchdog timer ig a fail-gafe system {o 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 non-
maskable interrupt request. However, selection is possible only once after resef. At first the reset
output is selected.

When the watchdog timer is not being used for malfunction detection, it can be used as a timer to
generate an interrupt at fized intervals.

2.4.1 Watchdog Timer Configuration

MPX reset release signal from T.G.
/2% or f5/2'7 —{ A Binary Counters
fc/22 or f5/2' —={B clock overflow R
fc/21" or f52" —{ C Y > _I_).lVEr‘OUtDUt reset output
fe/2" or fy2'" —= D clear ! 2 —Ij_-s 6—D_Dw
L 1
2//

interrupt request
I } > INTWDT

internal reset

[WDTEN
writing writing

wote disable code | clear code

WDTOUT

Controller

0034y t 00354 t

WDTCR1 WDTCR2 Note: MPX ; Multiplexer

Watchdeg timer control registers

Figure 2-11. Watchdog Timer Canfiguration
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2.4.2 Watchdog Timer Control

N

Figure 2-12 shows the watchdog timer control registers (WDTCR1, WDTCR2). The watchdog timer is
automatically enabled after reset,

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

Note: Clears the binary counter does not clear the source clock.
It is recommended that the time to clear is sat to 3/4 of the detecting time

If the CPU malfunctions such as endless looping or deadlock oceur 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 drivers the RESET
pin low to reset the infernal 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
autornatically restarts (continues counting) when the STOP/IDLE mode is released,

Example: Setsthe watchdog timer detection time to 22'/fc [s] and resets the CPU malfunction.

LD(WDTCR2), 4EH ; Clears the binary counters
LD(WDTCR), 00001101B ;7 WDTT « 10, WDTOUT «1
—LP(WDTCR2), 4EH ; Clears the binary counters
Within 3/4 of WDT | ! (always clear immediately before and after
detection time changing WDTT)
" LD(WDTCR2), 4EH ;  Clears the binary counters
Within 3/4 of WDT |
detection time :
| LD(WDTCRZ2), 4EH ; Clears the binary counters
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Watchdog Timer Register 1
6 5 4 3 2 1 0

0034 ....aes Taour[ VT [ warr [ERT]  (nivial value: ==111000)
WDTEN Watchdog timer (: Disable (1t is necessary to write the disable ¢code to WDTCR2)
enable / disable {: Enable
NORMAL1/2 mode
DV7CK=0 DV7CK =1 SLOW mode
wpTT | Watchdog timer 00 251f¢ 2V/fs 2'71fs Write-
detection time [s) 01 213fc PR 2%7s only
10 2fc 2%%fs 2%%fs
1 2'9f¢ 2" s 2M"Hs
Watchdog timer 0: Interrupt request
WDTOUTV wfcpgtjeﬁlect 1: Reset output

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

Note 2:
Note 3;
Note 4:

fc ; High-frequency clock [Hz], fs ; Low-frequency clock [Hz], »; Don't care

WDTCRT is a write-only register and must not be used with any of read-modify-write instructions.
The watchdog timer must be disabled or the counter must be cleared immediately before entering to
the STOP mode. When the counter is cleared, the counter must be cleared again immediately after
releasing the STOP mode.

Watchdog Timer Register 2

WDTCR2 [
{00354)

6 5 q 3 2 1 0
: : : : : : | (Initial value: #x# #wss)

WDTCR2

AEy: Watchdog timer binary counter clear (clear code)
B1y: Watchdog timer disable {disable code)

D2: Enable assigning address trap area

Others: Invalid

Write-
only

Watchdog timer control
code write register

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

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

*; Don’t care

The binary counter of the watchdog timer must not be cleared by the interrupt task.
Clears the binary counter does not clear the source clock.

it is recommended that the time to clear is set ta 3/4 of the detecting time

Figure 2-12. 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.

(3) Watchdog timerdisable

The watchdog timer is disabled by writing the disable code (Bly) to WDTCR2 after clearing WDTEN
{bit 3 in WDTCR1) tv “0”, The watchdoug 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”.
FExample: Disables watchdog timer '

LDW (WDTCR1), 0B101H ; WDTEN «0, WDTCR2 « Disable code

Table 2-2. Watchdog Timer Detection Time (Example: fe=16.0 MHz, fs=32.768 kHz)

Watchdog timer detection time [s]
wDTT NORMAL1/2 mode
DVICK =0 PDV7CK = 1 SLOW mode
w0 ez BT e B e R
A N 234,288 m S S
eedO L JBLO7ZM e 220 25
11 322768 m £2.5.m
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2.43

244

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 ; Sets the stack pointer
LD (WDTCR1),00001000B ; WDTOUT <0
Watchdog Timer Reset

If the watchdog timer output becomes active, a reset is generated, which drivers the RESET pin (sink
open drain input / output with pull-up) low to reset the internal hardware. The reset output time is
about 8/fc to 24/fc [s] (0.5 10 1.5 8 at fe=16.0 MHz).

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.

Clock | I l | L
Binary counter 3 2 ﬂ 0 X 1 X 2 _X 3 _X_ 0

Overflow
INTWDT interrupt M

e e o o e -
WDT reset output T (Hi-2) |( “L" gutput)

2% [s]

writes 4Ey to WDTCR2

Figure 2-13. Watchdog Timer interrupt / Reset
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2.4.5 Address trap

The Watchdog Timer Control Register 1, 2 shares its addresses with the control registers in case of
address trap. These control registers for address trap are shown on figure 1-16. Whether internal RAM
area should be trapped or not is selected on bit ATAS on WDTCR1. The writien data becomes valid
after the control code D2H is written on WDTCRZ2. If the instructions are to be placed on internal RAM
area, internal RAM area should be excepted from the area to be trapped before such instructions are
executed. 7

The operating mode under address trapped, whether to be reset-output or interrupt processing, is
selected on bit ATOUT on WDTCRI.

Example: Setting in order that the CPU normally executes instruction in internal RAM area and the
address trap causes interrupt

LD (WDTCR1), 0D200H

Watchdog Timer Control Register 1
WDTCR s [3 3 4 2 2 1 0
: I P . )
{0034,)) oo Tavas Jarour] ¥R wprr G (Initial value: =x11 1001)
0: SFR area only
ATAS | Area for addresstrap 1: SFR and RAM area .
(Valid if control code is written on WDTCR2} erlte-
only
ATOUT |Operationin case of address trap Oj Interrupt
1: Reset
Watchdog Timer Control Register 2
WODTCRZ 7 6 5 4 3 2 1 9
(0035,) ! ; ; i : : : ; _l {Initial value: wawwn xxxx}
D2: Address trapped area valid to set
{ATRAP control code)
Watchdog timer control code | 4E: Watchdog timer binary counter clear Write-
WDTCR2 | and Address trapped area control (WDT clear code) only
code B1y: Watchdogtimerdisable
(WDT disable code)
Others: Invalid

Figure 2-14. Watchdog Timer Control Registers
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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 P30 (DVO). The P30 output latch should be set to

“1”
7 6 5 4 3 2 1 0
TBTCR . .
(0036, | DVOEN | DVQCK [ovzck) | (reTEN) | | (TBTCK) | I (nitial value: 000D 0000)
DVOEN Divider output enable /|0: Disable (it is necessary to write the disable code to WDTCR2)
disable 1: Enable -
NORMAL1/2 mode
DV7CK=0 DVICK=1 O W SLEEPmodel L
DVOCK Divider output (DVO) 00 fo21d fs/25 fes2%
frequency selection [Hz] 01 fe/2 far2 fo2*
10 fo2" fs/2° fy2?
11 fc/2' fs/2? for2?

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

Figure 2-15. Divider Output Control Register

Example: 1.95 kHz pulse output (at fe=16 MHz)

SET (P3DR).0 ; P30outputlatch «1
LD (TBTCR), 10000000B ;7 DVQOEN «1,DVOCK « 00

Table 2-3. Divider Qutput Frequency (Example: at fc=16.0 MHz, fs =32.768 kHz)
Divider output frequency [Hz]

DVOCK NORMAL1/2, IDLE1/2 mode SLOW, SLEEP
DV7CK =0 DV7CK = 1 mode
..... 00 e 133K ieetDZAK e 2 ORAK
Lol L2048k
L0 OO 2, SOOI S, -1 S
1 8192k 8,192k
data output

fo213 or /25
fo212or f5/24
fo21 or fy/23
/2109 0r /22

P20 output latch _[ I_I
DVOEN e . L
Divider output control register DVO pin output _I_U_U_U_U-L_.”_r

(a) Configuration {b) Timing Chart

Note: MPX; Muitiplexer

Figure 2-16. Divider Output
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2.6.2 Control

The Timer/counter 1 is controlled by a timer/ counter 1 control registers (TC1CR1/TC1CR2), an 18-bit
timer register (TREG1A), and an 8-bit internal window gate pulse setting register (TREG1B).

Timer register
17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
001
TREG1A TRE?;...A)H ! 1 1 TIREGlA'I“ (0011":) 1 I } 1] 1 tREG‘A}( °H|> 1 ]
{00104, 0011y, 001214} Read/Write
(Initial value: 00 0000 0000 0000 0000)
Internal window gate pulse setting register
7 6 5 4 3 2 i 0
TREG1IB I . Th . | \ Ta ) | Gnitial value: swws swus)
(0013w) Setting "H* level period of
etting evel period o _ 13 _ 5
Ta the window gate pulse (16-Ta)x 213/fc or (16-Ta)x25/s [s)
! od of R
Setting “L” leve! period o _ 13 - 5
™ the window gate pulse (16-Tbh)x 273fc or (16~ Th}x 25/1s [s]
Note: WGPSCK =01
Timer/counter 1 control register 1
7 6 5 4 3 2 1 0
TCICR1 [Teic]  Tgs | ,TCICK, | T¢M | (nitial value: 1001 1000}
(LV14y)
TCiC 0: Counter/overfiow flag clear request
(“1" isautomatically set after clearing.)
00: Stop & counter clear
TC1S TC1 start control 10: Start
*1: reserved
000: Internal clock fc  [Hz]
001: Internal clock fs
010: Internal clock fd2? or f9/2% RIW
011: internal clock fc2? or fy/25
TCICK | TC1 source clock select 100: Internal clock fo2" or f9/2°
101: Internal clock fo2’
110: Internal clock fu23
111: External clock (ECIN pin input)
00: Timer/event counter mode
01: reserved
TCM TC1 mode select 10: Pulse width measurement mode
11: Frequency measurement mode
Note 1: fc, High-frequency clock [Hz] s ; Low-frequency clock [Hz] = ; don’t care
Note 2; Writing to the low-byte of the timer register 1A (TREGTA,, TREG1Ayy, the campare function is inhibited
until the high-byte (TREG1Ay) is written,
Note 3: Set the mode, source clock, and edge (selection) when the TC1 stops (TC15 = 00}
Note 4: “fc” can be selected as the source clock only in the timer mode during SLOW mode and in the puise width
measurement mode during NORMAL 1/2 or IDLE 1/2 mode.
Figure 2-18. Timer Register / Window Gate Pulse Setting Register / Control Register of the TC1
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Timer/counter 1 control register 2

7 6 5 4 32 2 1
TcrcRz | SEG | seP [seems | wapsck  [resour|
oosy)y —mm————————————
SEG External input cdlock {(ECIN} 0: Counts at the falling edge

edge select 1: Counts at the falling / rising edges

00: ECNT input

01: Internal window gate pulse (TREG1B)
10: PWMBb/PDOB (TC6} output

11: reserved

1
)} (initial vaiue: 0000 000~)

SGP Window gate pulse select

SGEDG Window gate pulse interrupt | 0: interrupts at the falling edge RIW
edge select 1: Interrupts at the falling/ rising edges

00: Select 212/fc or 2%/fs
WGPSCK Window gate pulse source 01: Select 213/fc or 25/fs
clock select 10: Select 214/¢c or 26/fs
11: reserved

TC6OUT TC6 output (PWME/ PDOG) 0: Qutputto P33

external output select 1: Nooutput to P33
TC1 Stlatus register
7 & 5 4 3 2 1 0
""" i ettt Raiatuhak Safedofehal Saliehaiebak Satefedadn |
TC1SR HECF %110 T L1t M1 11T 1 (initial value: 00111111)
(ooiey)y DM—M———ma4—m—m—mb—A—— —————_— e

0: Stop (during Tb) or disable

HECF | Operating Status monitor 1: Under counting (during Ta)

0: Nooverflow

HEOVF | Counter overflow monitor 1: Overflow status

Note 1: fc, High-frequency clock [Hz] fs; Low-frequency clock {Hz] = ; Dan’t care
Note 2: Set the mode, source clock, and edge (selection) when the TC1 stops {TC15 = 00).
Note 3: Ifthere is no need to use PWMG / PDOG as window gate pulse of TC1, always write “0” to TC60UT.

Figure 2-19. Control Register of the TC1/Status Register
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2.6.3 Function

TC1 has four operating modes. The timer mode of the TC1 is used at warm-up when switching form
SLOW mode to NORMAL2 mode.
Timer mode

(1

In this mode, counting up is performed using the internal clock. The contents of TREGIA are compared
with the contents of up-counter. If a match is found, an INTTC1 interrupt is generated, and the counter

iscleared. Counting up resumes after the counter is cleared.

Table 2-4. Source Clock {internal clock) of Timer/ Counter 1

Source clock Resolution Maximum time setting

NORMAL1/2, IDLE1/2 mode fs=
DY7CK = 0 DV7cK=1_| S-OWmode | SLEEPmode }fc=16MHz | fs=32.768kHz | fc=16MHz | 32 768 kHz

fe/23 [Hz) f/213 [Hz} /2" [Hz) fsr2'* [Hz] 0.52s 1s 38.2h 728 h

fo/2" fs/2* fs/25 fs/2% 512 45 0.98 ms 2.2 min 4.3 min

fes2" /23 fs/29 fs/23 128 s 244 45 0.5 min 1.07 min

fo/2’ /2’ — S 8 us — 215 S

fo2? fe/2? _— _ 05 _ 131 ms —_—

fc fc fc (Note)  — 62.5 ns —_ 16.4 ms —_—

fs fs [— P— — 30.5 45 — 8s

Note: fc can be used only in the timer mode ($LOW mode) and the pulse width measurement mode
(NORMAL 1/2, IDLE 1/2 modes) . When fc is selected for the source clock in SLOW mode, the
lower bits 11 of TREG1A is invalid, and @ match of the upper bits 7 makes interrupts.

Comm.?nd Start

Source clock

1

i
counter 0 i XIX 2 n-1XNA0K 1 2 3 4 5 6
TREG1A x in P

i
INTTCH : match detect \['} Counter clear

Figure 2-20. Timing Chart for Timer Mode
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{(2) Event Counter mode

It is a mode to count up at the falling edge of the ECIN pin input. Both edges can not be used. The
countents 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. Counting up resums for ECIN pin input edge each
after the counter is cleared. The maximum applied frequency is fc/2¢ [Hz] in NORMAL 1/2 or IDLE 1/2
mode and f&/2¢ [H2] in SLOW or STLEEP mode.

ECIN pin input | | i I | I | |_| 4 r—l_l I_I L_I !
Counter 10 X 1 X 2 x::% x n=-1 x n x 0 X 1 X 2
TREG1A X

INTTCY

match detect irv Counter clear

Figure 2-21. Event Counter Mode Timing Chart

(3) Pulse Width Measurement made

In this mode, pulse widths are counted on the rising edge of logical AND-ed product between ECIN pin
input (window pulse) and the internal clock. The internal clock is selected by TC1CK (hit 2, 3 and 4 in
TCI1CR1). AnINTTCI1 inlerrupt is generated al the falling edge of the window pulse or both rising and
falling edges of the window pulse, that can be selected by SGEDG (bit 4 in TC1CR2) . After reading out
the contents of TREG1A by an interrupt service program, the counter is required to be cleared by TC1C
(bit 7 in TC1CR1) . When the counter is not cleared, counting up resumes by starting count-up. The
window pulse status can be monitored by HECF (bit 7 in TC1SR) of the status register. HEOVF (bit 6in
TC18R) of the status register can monitor whether the binary counter overflows or not. HEOVF
remains the old data until the counter is required to be cleared by TC1C.

Count Start Count Stop Count Start

ECIN pin input | I
}nternalclockIllllillllluuuuuuuuuuu

Counter o X 1+ X 2 X 3 X xn—zxn—ix no X o X+ X:
INTTC1 |
Program Read & clear

Interrupt

Figure 2-22. Pulse Width Measurement Mode Timing Chart

Note: INTTC1 interrupt occurs when ECIN input is “1”7 and TC15 of TCICR1 is written to “00”.
According to the following step, when timer counter is stopped, INTTC1 interrupt latch should
be cleared to “0".
TCISTOP:
DI ; Clear IMF
CLR (EIRH). EF8 ; Clear EF8
LD (TCICR1), 0y0001111Q ; Stop timer counter 1
LD (ILH), OyT1111110 ; CleariL8
SET (FIRH). EF8 ; SETEFS
El ; SETIMF
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(4) Freguency Measurement mode

In This mode, the frequency of ECIN pin input pulse is measured. TC1CK is required to be set to the
external clock. The edge of the input pulse is counted during “H” level of the window gate pulse selected
by SGP (bit 5 and 6 in TC1CR2) . Whether the input pulse is counted on the falling edge or the both
edges can be selected by SEG (bit 7in TC1CR2). An INTTC1 interrupt is generated on the falling edge
or both the rising / falling edges of the window gate pulse, that can be selected by SGEDG (bit 4 in
TC1CR2). After reading out the contents of TREG1A by the interrupt service program, the counter is
required be cleared by TC1C. When the counter is not cleared, counting up resumes by stating count-
up. The window pulse status san be monitored by HECF of the status register. HEOVF of the status
register can monitor whether the binary counter overfiows or not. In the overflow flag status, a new
data is not input until the counter clear requests.

® Using TC6 output (FWMB6 / PDOS) for the window gate pulse can select whether PWMBG / PDOS is

output to the external port (P33) (initial output) in TC60UT (bit 1 in TC1CR2).

& When the internal window gate pulse is selected, the window gate pulse is set as follows. The
internal window gate pulse consists of “H” level period (Ta) that is counting time and “L” level
period (Th} that is counting stop time. Ta or Th can be individually set by TREG1B. One cycle
contains Ta+ Th,

Tabale 2-5. SettingTaand Tb

S Setting

| Setting time
== Ta=—=->1<~Th-> value

Setting time

The setting time fo Ta or Tb is shown as the following
format. at (WGPSCK =10).

(16-n) x213/fc  [s] or

{16 - n) x 25/fs [s]
The setting time at fs=32,768 kHz is listed in a table
menitioned right.
Tb set by the upper side (bits 7 to 4}, and Ta is set by the
lower side (bits 3 to 0) in TREG1B.

Figure 2-23. Window Gate Pulse Format

EClelmnputlll|I|||||||Illllll]lllllllllllll
Window | I I I

gate pulse e itk Ta----mmmmo P = Th---- oo Ta-----mommooe >
Counter o X v X2 X3 X aX s X 6 0 D EDEDED D&
.o read clear

INTTC1 " A "

Figure 2-24. Timing Chart for the Frequency Measurement Mode
(ECIN falling edge count, window gate pulse falling interrupt)
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2.7 B-bitTimer/Counter(TC3, 4,5, 6)

The 86C829/H29/M29 have four channels of 8-bit timer/counter (TC3, 4, 5, 6). These timer/counter are
used as timer, event counter, PWM, PPG and PDO. Thesc are also available as a 16-bit timer / counter
by cascade connection,

2.7.1 Configuration

fc/2¥ or fs/23 —=
fe/27 or fgzs —>
fc/25 or fe/f26 =3
fw23or fe24 —
fs —
fef2 -
fc -

TCa pin D—>

lear
TCAM -—
TCAS

II E Timer F/F 4
decode
TR <y
| TCACR | I TTREGA | I PWREG4 I \T/ T

8 bit
up-counter

-
>
=<
Y

overflow

PDO mode, PWM mode, PPG mode

PRO4

16 bit
mode

set

T O Mg N B

PPG4
pin

we

TCACK

)
]

fof21 or fe/23 —
27 or fof25 —
fo/25 or fr/26 —
fe23 or fozd
s =
oz .
fc =

T€3 pin [

TOIM ———
TC3S -—
TFF3 TCICK | \

| TC3CR ILTTREGB || PWREG3 I \T/ TFF3

INTTC3

8 bit
up-counter overflow PDO mode, PWM mode

_U_l:i_>:> — LT)t> toggle
| —>
>

<
k.

Q PCO3
] sot PWM3

IO "mogneo»

Timer F/F 3

[y

P

decode

VAV

Figure 2-25. 8 bitTimer3,4
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overflow

I TTREGE I I PWREGE I

fc21 or fs/23
27 or f25
fc/25 or fe/26
fu23 or fe24
s

feiz

fe

8 bit
up-counter

overflow

TCSM ——y
TC5S tmnn
TFFS

Tt

TC5CK

=] >
(I
l’ﬁ>/

-

fe211 gr fs/23 —™A Bbit
- i
fe/27 arfe2s —»8 Y A Y up-counter
{25 or fe/26 —»C 1B
{23 or fer2d —»|D s -
fs —E
2| |
1 —lg it
mode

TC6 pin D—> H

S
TCHM ey [
TCES  — g

Y

I TC5CR

I[ TTREGS I[ PWREGS I

\T/

INTTCS

TFF6

PDC mode, PWM mode, PPG mode

\| —r— > toggle
/I Q PRO6
set PWME
P!’GG
\ Timer FF 6 pin
/l decode
Al

Figure 2-26. 8 bit Timer5,6

60




TOSHIBA Under Development TMP86C829/H29/M29

2.7.2 Control

The timer / counter 3 is controlled by a timer / counter 3 control register (TC3CR) and two 8-bit timer
registers (TTREG3 end PWREG3).

Timer Register

7 6 5 4 3 2 1 0
TTREG3 [ : { Unitial value: 1111 1111)
(001Cy)

7 6 5 4 3 2 1 0
PWREGS | T ] : | Onitial value: 1111 1111)
(002Cy)

Timer/ counter 3 control register

7 6 5 4 3 2 1 0

TC3CR [TFF3 | TC3CK { Tcas |  TC3M | | unitial value: 6000 0000)
(0018y)
. 0: clear
TFF3 Timer F/F3 contorl 1+ sat
NORMAL1/2,IDLE1/2 mode SLOW1/2, SLEEP1/2
DV7ICK =0 DV7CK =1 mode
000 fag2 fs23 for23
001 fa2? fe/2? -
010 fa2® fu2® -
TC3CK | TC3 source clock select [Hz) 011 f2? fo2? N

100 fs (Noted) fs(Noted) fs
101 fo2 fc/2 - R/W
10 fc ¢ f¢ (Note10)
111 TC3 pin input

0: stop

TC3S TC3 start control 1: command start
000: 8 bit timer fevent counter mode
001, 8 bit programmable divider output (PDO) mode
TC3M | TC3 operating mode select | 010: 8 bit pulse width medutation (PWM) mode
011: 16 bit mode {Mode selelction is controlled by TC4M)
1xx1 reserved

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

Note 2: During TC3 operation, do not change TC3M, TC3CK and TFF3.

Note 3: When TC3 operation is stopped (TC35 = "1"—>"0"), do not change TC3M, TC3CK and TFF3. Butitis
possible to change TC3M, TC3CK and TFF3 at the start timing (TC3S = “0° —» "1°).

Note4: The value of TTREG3 which determines interrupt period has to be longer than the period of interrupt
routine.

Note 5: When used as 16-bit mode, the operating mode is selected by TC4M (bit 2 to 0 in TG4CR), and TC3IM
should be set to "011".

Note 6: When used as 16-bit mode, only the source clock Js selected by TC3CK, and start of operation and
. control of F/F are controlled by TC4S and TFF4 (bit 2 and 7 in TCACR).

Note7: Selecting source clock depends on the operating mode, refer'to Tabie 2-6 and 2-7 for details.
Note 8: Value of timer register depends on the operating mode, refer to Table 2-8 for details.
Note 9: When used as the NORMALT and IDLET maodes, the TC3 source clock can not use the “fs”.

Note 10: When used as the SLOW and SLEEP modes, the “fs” of TC3 source clock can use only “fc warming-up
counter " mode.

Figure 2-27. Timer 3 Register and Timer / Counter 3 Control Register
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The timer / counter 4 is controlled by a timer / counter 4 control register (TC4CR) and two 8-bit timer
registers (TTREG4 and PWREG4).

Timer Register

7 6 5 4 3 2 1 0
TTREG4 [ | onitial value: 1111 1111)
(001D}

7 6 5 4 3 2 1 0
PWREGA [ ¢ R : | (nitial value: 1111 1111)
(002D}

Timer / counter 4 control register

7 6 5 4 3 2 1 0
TCACR | TFFa |  TCACK | | TCas 1  TCAM | | {Initial value: 0000 0003)
{0019)
TFF4 | Timer F/F4 contorl 0: clear
1: set
NORMAL1/2,IDLE1/2 mode SLOW /2, SLEEP1/2
DV7CK =0 DV7CK =1 mode
000 fo2! fs/2° fo/2?
001 fe/?? fu2’ -
TCACK | TC4 source clock select {Hz] | 010 fu2? fg2® -
Cd source clock select {Hz) 011 fes2? fe/2? -
100 fs{Note10) fs{Note10) fs
101 fc/2 fe/2 -
110 fe fc -
111 TC4 pin input RW
TC4S TCA start control 0: stop

1: command start

000: 8 bit timer/event counter mode

001: 8 bit programmable divider output (PDO} mode

010: 8 bit pulse width modulation (PWM) mode

01t: reserved

100: 16 bit timer / event counter mode

101: 16 hit timer mode (for warming-up timer)

110: 16 bit programmabie divider ouvtput {(PDO} mode

111: 16 bit programmable puise generate {PPG) output mode

TCAM | TC4 operating mode select

Note 1: fc;High-frequency clock[Hz], fs;Low frequency clock [Hz]
Note 2@ During TC4 operation, do not change TCAM, TCACK and TFF4.

Note 3: When TC4 operation is stopped (TC4S = "1” -» "0”), do not change TC4M, TCACK and TFF4. But it is
possible to change TC4M, TC4CK and TFF4 at the start timing (TC4S5 = “0* — “1”).

Noted: The value of TTREG4 which determines interrupt periad has to be longer than the period of interrupt
routine.

Note5: When TC4M is selected ta "1+=" (16-bit mode), the source clock is automatically selected to the over-
flowing signal of TC3 counter.

Note6: When used as 16-bit mode,the operating mode s selected by TCAM (bit 2 to 0 in TCACR), and TC3M
" should besetto "011”. =~

Note7: When used as 16-bit mode, only the source clock is selected by TC3CK, and start of aperation and
control of FIF are cantrolied by TC4S and TFF4 (bit 3 and 7 in TC4CR).

Note 8:  Selecting source clock depends on the operating mode, refer ta Table 2-6 and 2-7 for details.

Note9; Value of timer register depends on the operating made, refer to Table 2-8 for details.

Note 10; When used as the NORMALT and IDLET modes, the TC4 source clock can not use the "fs”.

Figure 2-28. Timer 4 Register and Timer / Counter 4 Control Register
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The timer / counter 5 is controlled by a timer / counter 5 control register (TC5CR) and two 8-bit timer

registers (TTREGS and PWREGS).
Timer Register
7 6 5 4 3 2 1 0
TIREGS | | Onitial value: 1111 111%)
(001Ey)
7 3 5 4 3 2 1 0
PWREGS | | (nitial value: 1111 1111)
(002E,)
Timer / counter 5 control register
7 6 5 4 3 2 1 0
TCSCR TeseK [ 1ess | L TC5M | (initial value: 000 0000)
(001A,) L L L
NORMAL1/2,IDLE1/2 mode SLOW1/2, SLEEP1/2
DV7CK =0 DV7CK =1 mode
000 fer2" fo/2? 512
001 fu2? fo2’ -
TescK | T lock select [Hz] | 910 fu2* fu2® -
5 C5 source clock select [Hz] 011 fa2® fo/2 _
100 fs (Note9) fs (Noted) fs
101 f2 ff2 -
110 fe fc fc (Note10) | apwy
11 reserved
0: stop
TC5S TCS start control 1: command start
000: 8 bit timer/ event counter mode
001: reserved
TC5M | TCS operating mode select | 010: reserved
011: 16 bit mode (Mode selelction is controlled by TC6M)
{e+*: reserved
Note 1. fc;High-frequency clock[Hz], fs; Low frequency clock [Hz]
Note2: During TC5 operation, do not change TC5M and TC5CK .
Note3: When TCS5 operation is stopped (TC55 = “1"—"0"), do not change TC5M and TC5CK. But it is possible
to change TC5M and TC5CK at the start timing (TC5S = "07—"1").
Noted: The value of TTREGS which determines interrupt period has to be longer than the period of interrupt
routine.
Note5: When used as 16-bit mode,the operating mode is selected by TC6M (bit 2 to 0 in TC6CR), and TC5M
should be set to “011".
Note 6: When used as 16-bit mode, only the source dlock is selected by TC5CK, and start of operation and
control of F/F are controlled by TC6S and TFF6 (bit 3 and 7 in TC6CR).
Note 7. Selecting source clock depends on the operating mode, refer to Table 2-6 and 2-7 for detaiis.
Note 8 Value of timer register depends on the operating mode, refer to Table 2-8 for details.
Note 9:  When used as the NORMALT and IDLET modes, the TC5 source clock can not use the “fs”.
Note 10: When used as the SLOW and SLEEP modes, the "fs™ of TC5 source clock can use only "fc warming-up
counter " mode.

Figure 2-29. Timer 5 Register and Timer/ Counter 5 Control Register
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The timer / counter 6 is controlled by a timer / counter 6 control register (TC6CR) and two 8-bit timer
registers (TTREG6 and PWREGS).

Timer Register

7 6 5 4 3 2 1 0
TTREG6 { ! : : g : : : | Onitial value: 1111 1111}
(U01FY)

7 6 5 4 3 2 1 0
PWREGE [ : : | Onitial value: 1111 1111)
(002F)

Timer / counter 6 control register

7 6 5 4 3 2 1 0
TC6CR [ TFF6 | | TC6CK | | Tces |  TCEM | | Gnitial value: 0000 0000)
(001By)
TFE6 | Timer F/F6 contor! 9: Clear
: set
NORMAL1/2,IDLE1/2 mode SLOW1/2, SLEEP1/2
DVICK =0 DV7CK = 1 mode
000 ferah fsi2? fs/2?
001 fes2? /27 -
TCBCK | TCH lock select [H 010 fo28 fg2? -
sourceco el | o fo2? fo/2* -
100 fs(Note1Q) fs(Note10) fs
101 fe/2 foi2 -
10 f¢ fc -
111 TC6 pin input RW
0: stop

TC6S TCH start control 1: command start

000: 8 bit timer/ event counter mode

001: 8bit programmable divider output (PDO) mode

010: 8 bit pulse width modulation (PWM) mode

011: reserved

100: 16 bit timer/ event counter mode

101: 16 bit timer mode (for warming-up tirmer)

110: 16 bit programmable divider output (PDO) mode

111: 16 bit programmable pulse generate (PPG) output mode

TC6M | TC6 operating mode select

Note 1:  fc,High-frequency clock[Hz], fs;Low frequency dock [Hz]
Note 2: During TCG operalion, du not change TC6M, TC6CK and TFF6.

Note 3: When TC6 operation is stopped (TC65 = “1” = "07), do not change TC6M, TC6CK and TFF6. But it is
possible to change TC6M, TC6CK and TFF6 at the start timing (TC65 = 0" — *17).

Noted: The value of TTREG6 which determines interrupt period has to be longer than the period of interrupt
routine.

Note 5: When TC6M is selected to "1+=” {16-bit mode), the source clock is automatically selected to the over-
flowing signal of TC5 counter.

Note 6; When used as 16-bit mode,the operating mode is selected by TC6M (bit 2 to 0 in TC6CR), and TCSM
: should be setto 011",

Note7: When used as 16-bit mode, onfy the source clock is selected by TC'5tk, and start of operation and
control of F/F are controlled by TC6S and TFF6 (bit 3 and 7 in TCECR).

Note 8: Selecting source clock depends an the operating mode, refer to Table 2-6 and 2.7 for details.
Note9: Value of timer register depends on the operating mode, refer to Table 2-8 for details.
Note 10: When used as the NORMAL1 and IDLE1 modes, the TC6 source dlock can not use the “fs*.

Figure 2-30. Timer 6 Register and Timer/ Counter 6 Control Register
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Table 2-6. Operating mode and available source clock
{(NORMAL1/2, IDLE1/2 mode)

fo211 TCi

Operating Mode . 3{3 fo27 | fy2s | fu23 fs fe/2 fe mgut
8-bit Timer O O O @} - - — -
8-bit Event Counter - - - -— - - - O
8-bit PDO O O e} O - - - -
8-bit PWM O O 0 O O O O -
16-bit Timer 0] @] O O - - - -
16-bit Event Counter - - - - — _ — O
fs Warming-up Counter - - - - O - - -
16-bit PWM O ) O O 0 0 o] O
16-bit PPG O O O O - - — O

Note 1:  Foe 16-bit operation (16-bit Timer/Event Counter, fc Warming-up Counter, 16-bit PWM and 16-bit PPG),
set its source clock on lower bits (TC3CK, TC5CK).

Note2: i=3,4,6, (8-bitmode)
i=3  {16-bit mode)

Nate 3: When used as the NORMALT and IDLET modes, the source clock can not use the “fs”.

Table 2-7. Operating mode and available source clock
{Under SLOW1/2 mode, SLEEP1/2 mode)

faan TC
Operating Mode or fo27 | fu25 fcr23 fs fo/2 fc pin
for23 input
8-bit Timer O — —_ - - - - -
8-bit Event Counter - - - — — — - O
8-bit PDO o - - - - - - —
8-bit PWM O - - - @] - - -
16-bit Timer O - - - - - - -
16-DIT Event Counter - - - - - - - )
fc Warming-up Counter - - - - - - O -
16-bit PWM 0 - - - 0 _ — )
16-bit PPG O - - - - - - O

Note 1: Foe 16-bit operation (16-bit Timer/Event Counter, fc Warming-up Counter, 16-bit PWM and 16-bit PPG),
set its source clock onlower bits (TC3CK, TC5CK).

Notel2: i=3,4,6, (8-bitmode)
i=3  (16-bit mode)

Table 2-8. Restriction against the Rate for Comparing Registers

Operating Mode Authorized Rate for Register
8-bit Timer/Event Counter 1 = (TTREGn) = 255
8-bit PDO 1 = (TTREGN) = 255
8-bit PWM ) 2 < (PWREGN) = 254
16-bit Timer/Event Counter 1 = (TTREG4, 3) = 65535, 1 = (TTREGS6, 5) = 65535
fc Warming-up Counter 256= (TTREG4, 3) = 65535, 256 = (TTREGS, 5) = 65535
16-bit PWM 2 = (PWREG4, 3) = 65534,2 = (PWREGE, 5) < 65534
16-bit PPG 1 & (PWREGY, 3) < (TTREG4, 3) = 65535, 1 = (PWREGE, 5} < (TTREGE, 5) = 65535

Notei: n=3to6

Note2: When used as the "fc Warming-up counter” mod, the timer operating mode must use the 16-bit timer
mode. That time, the timer register uses higher &-bits and the lower 8-bits are ignored. But the timer
register must be set both of high and low bits.
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2.7.3 Function

Timer/Counter 3, 4, 6 and 6 have eight operating modes; 8-bit timer, 8-bit external trigger timer, 8-bit
programmable divider output mode, 8-bit pulse width modulation output mode, 16-bit timer, 16-bit
external trigger timer, 16-bit pulse width modulation cutput mode, 16-bit programmable pulse
generator output mode.

16-hit timer mode ran 115e Timer eonnter R and 4 (5 and 6) hy cascade connestion.

(1} 8-bit Timer Mode (Timer/Counter 3, 4,5 and 6)

In this mode, counting up is performed using the internal clock. The contents of TTREGi are compared
with the contents of up-counter. If a match is found, an INTTCi interrupt is generated, and the counter
is cleared to “0”, Counting up resumes after the counter is cleared.

Note: i=3toé

Table 2-9. Timer/Counter 1 Source Clock (Internal Clock)

Source clock Resolutich Maximum time setting
NORMA.L1/2, IDLE1/2 modes
SLOWVZ,SLEEP1/Z | ptfc=8MHz | Atfs=32.768kHz | Atfc=8MHz | Atfs=32.768 kHz

DV7CK =0 DV7CK =1 modes

fc/ 21 [Hz] fs 7 23 [Hz] fs/ 2% [Hz] 128 s 244.14 45 32.8 ms 62.5 ms

fci2? fer2? - 8 s - 2.0 ms -

fe/28 fc/ 28 - 2 s - 510 s -

fcr 22 fcr 28 - 500 ns - 127.5 45 -

Example: Sets the timer mode with source clock fe/27 [Hz] and generates an interrupt 80 us later
(at fc = 16 MHz).

LDW (TTREG4), 0AH

SET (EIRH).EF11
El

LD (TC4CR), 00011000B ; Starts TC4

;  Sets the timer register (80us+27/fc=0Ay)
;  Enables INTTCA interrupt

Command start

1
Source ¢lock |||:|||IllIlllllllll]lIllllllllllll|

Up-counter 0 0 €5 € &) AR A2 A s X e Xs X8 X 7))
[

]
TTREG4 v X n [
)
]
H

Match Counter
detect \” clear

INTTCA interrupt

Figure 2-31. 8-bit Timer Mode Timing Chart (In Case of Timer/Counter 4)
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(2)

8-bit Event Counter Mode (Timer/Counter 3, 4 and 6)

In this mode, events are counted on the falling edge of TCi pin input. The contents of TTREGI are
compared with the contents of up-counter. If o match is found, an INTTCi interrupt is generated, and
the counter is cleared. The maximum applied frequency is fe/23 [Hz] in NORMAL1/2 or IDLE1/2 mode
and f&/23 [Hz] in SLOW or SLEEP mode.

Note: i=3,4,6

INTTC4 interrupt

COmmand start

TC4 pin input l |I | I | | I I “ __J l_.l |_| I_I L-—
Up-counter ' X_“ x x x X 2

TTREG4 X

Martch Counter
detect \n) clear

(3)

Figure 2-32. Event Counter Mode Timing Chart (In Case of Timer/Counter 4)

Praogrammable Divider Qutput (PDO) Mode (Timer/Counter 3, 4 and 6)

The internal clock is uged for counting up. The contents of TTREGI are compared with the contents of
the up-counter, Timer F/F i output is toggled and the counter is cleared each time a match is found.
Timer F/F i output is inverted and output to the PDOI pin. When used as a this mode, respective
output latch should be set to “1”. This mode can be used for 50 % duty pulse output. Timer F/F i can he
initialized by program, and it is initialized to “0” during reset. An INTTCI interrupt is generated each
time the PDO1 output is toggled.

Note: i=3,4,6

Example: Qutput a 1024 Hz pulse (at fe = 16 MHz, in case of TC4)

SET (P3DR). 2 ; P32outputlatch « 1
LD (TTREG4),7AH i (171024 +27Hc)+2=TAQ
LD (TC4CR), 00011001B ; StartsTC4

Upounter :xzxzxj

TTREG4
) match
Timer F/F 4 | | |
. : i ;
PDO pin output | | - l

INTTC4 interrupt " “ " rL

Figure 2-33. 8-bit Timing Chart for PDO Mode {In Case of Tmer/Counter 4)
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4

8-hit Pulse Width Modulation {PWM) Output Mode {Timer/Counter 3, 4 and 6)

PWM output with a resolution of 8 bits is possible. The internal clock is used for counting up. The
contents of PWRECH are compared with the contents of up-counter. If a match is found, the timer F/T' i
output is toggled, The counter continues counting., And, when an overflow occurs, the timer F/F i
output is again toggled and the counter is cleared. Timer F/F i output is inverted and output to the
PWM 1 pin. An INTTCi interrupt is generated when an overflow occurs.

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

Note 1: Do not overwrite PWREGI only when an INTTC| interrupt is generated. Usually, PWREG] is
overwriten in the routine of INTTCi interrupt service.

Note2: i=3,4,6
Internal clock ||||]||IlllllllllllI||II|||I|II||||||
PWREG4 nfn & Yonf X"""‘
match%,__ overflov& overw*me Shift
Timer F/F 4
] 1 ] ;
] 1 1 !
PWM 4 pin l | I I_
INTTC4 interrupt " "
| e———1 period ——-—|

Figure 2-34. Timing Chart for PWM Mode (In Case of TC4)

Table 2-10. PWM Output Mode

Source clock Resolution Maximum setting time

NORMALVZ. DIEVImode | sLowt2, SLEEPV2 | ¢ ey, | fs-32768kHz | fe=16MHz | fo=32.768KHz
DV7ICK =90 DVICK =1 mode

fu2" [Hz] fs2 [Ha f5/2° [Hz] 128 s 24414 45 328 ms 62.5 ms

fei2? fo/27 - 8 s - 2.05 ms -

fuzs fo/28 - 2 44 - 512 s -

fo/2? “fe/23 - 500 ns - 128 15 -

fs fes fs 30.5 8 30.5 5 7.81 ms 7.81 ms

fo2 fo2 - 125 ns - 32 s -

fc fc - 62.5 ns - 16 s -
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(5) 16-bit Timer Mode (Timer/counter 3 and 4, Timer/counter 5 and 6)

In this mode, counting up is performed using the internal clock.
Timer/counter 3 and 4 (5 and 6) are also available as a 16-bit timer mode by caseade connection,

a.

16 bit timer mode of Timer/counter 3 and 4

If a match is found, the INTTC4 interrupt is generated and the counter is cleared to “0”. Counting
up resumes after the counter is cleared. The fimer register should write to the TTREG3 more first
than TTREG4. The timer register must not write only either TTREG3 or TTREG4. When the
TTREG4 is written during counter continuation, the timer register is changed by next falling edge of
source clock at TTREQS and TTREG4 same time. The timer/counter is counting by value of last
timer register until the TTREG4 is written. Also, the first time, the timer register is changed by the
TC4S (bit 3 in TC4CR) set to “1” after data are loaded to PWREGS/4.

. 16 bit timer mode of Timer/counter 5 and 6

If a match is found, the INTTCS6 interrupt is generated and the counter is cleared to “0”, Counting
up resumes after the counter is cleared. The timer register should write to the TTREGS more first
than TTREG6. The timer register must not write only either TTREGS or TTREGS6. When the
TTREGS is written during counter continuation, the timer register is changed by next falling edge of
source clock at TTREGS and TTREG#S same time, The timer/counter is counting by value of last
timer register until the TTREGS is written. Also, the first time, the timer register is changed by the
TC6S (bit 8 in TCECR) set to “1” after data are loaded to PWREGH/6.

Table 2-11. Source Clock of 16-bit Timer Mode

Source clock Resolution Maximum setting time
NORMAL1/2, IDLE1/2 mode
SLOW1/Z, SLEEP1Z | oyt 16MHz2 | Atfs=32.768kHz | Atfc= 16MHz | Atfs=32.768 kHz

DVCK =0 DVIEK = 1 mode

fe2n {28 [Hz} fs/2? 128 15 2441 45 838 16 s

i fur - 8 s - 5243 ms -

for2s fo/28 - 2 s - 1311 ms -

fu2? for2? - 500 ns - 328 ms -

fc/2 fef2 - 125 ns - 82 ms -

fc fe - 62.5 ns - 4.1 ms -

Example: Set the 16-bit timer mode with source clock fe/27 [Hz] and generates an interruput 300 [ms]

later (at fo =16 [MHz])

LDW (TTREG3),927CH ; Setsthe timer register (300ms -~ 27/fc=927Cq)
SET (EIRH).EF11 ; Enable INTTC4 interrupt

EI

LD (TC3CR),13H ;  Sets the TC3 mode and source clock

LD (TC4aCR),0CH ;  Starts timer/counter
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Counter

TTREG3
(lower)

TTREG4
(upper)

INTTCA4

Source clock

Command Start

|

0

Xt X2 X3 X 4 3mn-l1y2X3X4

3
3

? X n/n [0}
A A
overwrite shift
1 X m
]
overwrite shift

¢counter clear
match k I-l

(a) 16-bit timer mode of timer/counter 3 and 4 (15t cycle)

Shifting at falling edge of source clock
]

]
SourceclockIllllllllllllllllllIllllllllllll

:'
Counter xmn-2an-i 1 X 2 X3 X a X5 X X7 x i::thq 1 X2 X
]
h 1 A
1
TTREG3 o .
(lower) ! P X e IX kk L)
A b4
overwrite | shift
i
i
TTREGA
(uppen) mim )] X m‘;‘h Lhn; i)
counter clear overwrite  shift counter clear
INTTCS match\ n match \ n
(b) 16-bit timer mode of timer/counter 3 and 4 {changing timer register during operation)
Figure 2-35. Timing Chart for 16-bit Timer Mode (Timer/Counter 3 and 4)
{6) 16-bit Event Counter Mode (Timer/counter 2 and 4)

In this mode, event are counted on the falling edge of the TC3 pin input. Timer/counter 5 and 6 are can
not use a 16-bit Event Counter Mode, Timer/counter 3 and 4 are also available as a 16-bit Event
counter mode by cascade connection.

a.

16 bit event counter mode of Timer/counter 3 and 4

If a match is found, the INTTC4 interrupt is generated and the counter is cleared to “0”. After the
counter is cleared, counting up resumes every falling edge of TC3 input. The timer register should
write to the TTREG3 more first than TTREG4. The timer register must not write only either
TTREGS or TTREG4. When the TTREG4 is written during counter continuation, the timer register
1s changed by next failing edge of TC3 input at TTREG3 and TTREG4 same time. The timer/counter
is counting by value of last timer register until the TTREG4 is written. Also, the first time, the
timer register is changed by the TC4S (bit 8 in TC4CR) set to “1” after data are loaded to TTREG3/4.
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(7)

16-bit Pulse Width Modulation (PWM) Output Mode (Timer/counter 3 and 4, Timer/counter 5 and 6)

PWM output with a resolution of 16 bits is possible. Timer/counter 3 and 4 (5 and 6) are also available

as a 16-bit PFWM ocutput mode by cascade connection

a. 16 bit PWM output mode of Timer/counter 3 and 4

The contents of PWREG3/4 are compared with the contents of up-counter. If a match is found, the
timer ¥/F 4 output is toggled. The counter continues counting. And, when an overflow occurs, the
timer F/F 4 output is again toggled and the counter is cleared. Timer F/F 4 output is inverted and
output to the PWM4 pin. An INTTC4 interrupt is generated when an overflow occurs. When used as
PWDMA4 pin, respective output latch should be set to “1*. PWREGS/4 are configured a 2-stage shift
register and, during output, will not switch until ore output cycle is completed even if PFPWREG3/4
are overwritten. Therefore, output can be altered continuously. Also, the first time, the timer
register is changed by the TC4S (bit 3 in TC4ACR) set to “1” after data are loaded to PWREG3/4.

The timer register should write to the PWREGS more first than PWREG4. The timer register must
not write only either PWREG3 or PWREGA.

b. 16 bit PWM cutput mode of Timer/counter 5 and 6
The contents of PWREGS5/6 are compared with the contents of up-counter. If a match is found, the

timer F/F 6 output is toggled. The counter continues counting. And, when an overflow oceurs, the
timer F/F 6 output is again toggled and the counter is cleared. Timer F/F 6 output is inverted and
output to the PWMBS pin. An INTTCS interrupt is generated when an overflow occurs. When used as
PWMB pin, respective output latch should be set to “1”. PWREG5/6 are configured a 2-stage shift
register and, during output, will not switch until one output cycle is completed even if PWREG5/6
are overwritten, Therefore, output can be altered continuously. Also, the first time, the timer
register is changed by the TC6S (bit 3 in TC6CR) set to “1” after data are loaded to PWREG5/6.

The timer register should write to the PWREGS5 more first than PWREGS. The timer register must
not write only either PWREGS or PWREGS.

Table 2-12. 16-bit PWM Output Mode

Source clock Resolution Maximum setting time
NORMAL1/2, IDLE1/2 mode
SLOW, SLEEP mode | Atfc= 16 MHz | Atfs=32.768kHz | Atfc=16 MHz | Atfs=32.768kHz

DV7CK=0 DV7CK =1

fo2” fs/2*  [Hi] for23 128 s 244.1 45 8.38s 165

oy fo/2 - 8 s - 5243 ms -

fu2’ {73 - 2 s - 1311 ms -~

fo/2? fo2? - 500 ns - 328 ms -

fs fs fs 30.5 15 30.5 45 2 s 2s

fe/2 fu2 - 125 ns - 82 ms -

fe fe - 62.5 ns - 4.1 ms -

Example: Extract the pulse, whose term and “high” width is 32.768 ms and 1ms respectively, from P32
“width 16-bit PWM mode (at fc=16 MHz, DV7CK=0)

SET (P3DR).2
LDW (PWREGS3), 07D0H

LD
LD

(TCSCR), 63H
(TC4CR), DEH

r
r

.
y

s Sets P32 output data latch to “1”

Sets pulse width
Sets the mode and source clock (fc/23)
Sets the TFF4 to0 “1” and starts timer/counter
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X

PWREG3

(lower) nin X hth
match overwrite | match . sheift match
(Uppen  _mm d ) & ) & (
ovetw ite shift

Timer F/F 4

PWM4 pin I F __________ ]
mn

INTTC4 match ” ﬂ
|<——7 period ———>|

Figure 2-36. Timing Chart of 16-bit PWM Mode (Timer/Counter 3 and 4)
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{8) 16-bit Programmable Pulse Generate (PPG) output mode
(Timer/counter 3 and 4, Timer/counter 5 and 6)

PPG output with a resolution of 16 bits is possible. Timer/counter 3 and 4 (5 and 6) are also available as
a 16-bit PPG output mode by cascade connection,

a. 16 bit PPG output mode of Timer/counter 3 and 4
First, the contents of PWREG3/4 are compared with the contents of up-counter. If a match is found,
the timer F/F 4 output is toggled. The INTTC4 interrupt is generated at this time. Next, timer F/F 4
is again toggled and the counter is cleared by matching with TTREGS/4. The INTTC4 interrupt is
again generated when an overflow occurs.
When used as PPG4 pin, respective output latch should be set to “1”, During reset, the F/F 4 is
initialized to “0”.
The F/F 4 output is configured by TFF4 (bit 7 in TC4CR). Therefore, the PPG4 can output either
output high or output low at first time. The timer register should write to the PWREG3/TTREG3
more first than PWREG4/TTREG4, The timer register must not write only either
PWREGS/TTREG3 or PWREG4 /TTREG4.
When the TTREG4/PWREG4 are written during counter continuation, the timer register is changed
by next falling edge of source clock at PWREG3/TTREG3 and PWREG4/TTREG4 same time. The
timer/counter is counting by value of last timer register until the PWREG4/TTREG4 is written.

b. 16 bit PP(G output mode of Timer/counter 5 and 6
First, the contents of PWREGS5/6 are compared with the contents of up-counter. If a match is found,
the timer F/F 6 output is toggled. The INTTC6 interrupt is generated at this time. Next, timer F/F 6
is again toggled and the counter is cleared by matching with TTREGS/6. The INTTC6 interrupt is
again generated when an overflow occurs.
When used as PPG6 pin, respective output latch should be set to “1”. During reset, the F/F 6 is
initialized to “0",
The F/F 6 output is configured by TFF$ (bit 7 in TC6CR). Therefore, the PPG6 can output either
output high or output low at first time, The timer register should write to the PWREG5/TTREG5
more first than PWREG6/TTREG6. The timer register must not write only either
PWREGS/TTREGS or PWREG6/TTREGS.
When the TTREG6/PWREGS are written during counter continuation, the timer register is changed
by next falling edge of source clock at PWREGS5/TTREGS and PWREG6/TTREGS same time. The
timer/counter is counting by value of last timer register until the PWREG6/TTREG®E is written.

Example: Extract the pulse, whose term and “high” width is 16.385 ms and 1ms respectively, from P32
with 16-bit PPG mode (at fc=16 Mz, DVICRK=0)

SET (P3DR).2 ;  Sets P32 output data latch to “1”

LDW (PWREGS),07D0OH ; Setspulse width

LDW (TTREGS), 8002H ;  Sets pulse term

LD (TC3CR),63H ;  Setsthe mode and source clock (f¢/23)

LD (TC4CR),DFH 3 Sets the TFF4 to “1” and starts timer/counter
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Shifting at falfling edge of source clock

Counter Y )(j;x o )@)C: o 1 )(z x_“_x kn Xkno R X2 )

PWREG3 X' ;
{lower) i ¢ X n;h 4 il O
match overwrite shift match

PWREG4 m/m (D) mi (%3 : O
(upper) ¥ :

overwrite shift

;rl-LF\E\FEGr)B rir Q X rht X T D
L
match overwrite shift match
H:FEEGF‘)I q/q 4] s )]
A
] overwrite shift ] }
Timer F/F &4 [
PPG4pin - ma-=----=» - kh-------
------------- qr---------—--—---+§<--—---~—--------- L R et

e I Tl n I

Figure 2-37. Timing Chart of 16-bit PPG Mode (Timer/Counter 3 and 4)
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2.8 UART (Asynchronous serial interface)
The 86C829/H29/M29 have 1 channel of UART (asynchronous serial interface) .

The UART is connected to external devices via RxD and TxD, RxD is also used as P15 ; TxD, as P16, To
use P15 or P16 as the RxD or TxD pin, set P1 port output latches to 1.

2.8.1 Configuration

{J TxD

UART control register!  Tramsmit data buffer Receive data buffer
| uartcri | | Tosur |
1
* T T
15 12 . _____:l Shiftregister ! ! —l
- i
F]
_ Parity bit l
Stop bit
Transmit 1 Shift register Receive
INTTXD - control control
circuit ircuit
treut clreuit —lNoise rejection circuit l—n RxD
h
i
INTRXD ==
Y
Transmit/ receive ¢clock m A< fer2t
S ' P8 fg
s ! X o< fuz
/13 >Ha : 3
{26 >ifs ! {2 1 b
fus2 >He ! i 2
fe/104 >+Ho Pv—»—l Counter ! { UARTSR | | vartcrz |
fo/208 >HE X H N -
fe/a16 >-Hr ! UART status register UART control register2
s S ’ ¢ ]
9 71 Baudrate generator |

Note: MPX = Multiplexer

Figure 2-38. UART
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2.8.2 Control

UART is controlled by the UART control registers (UARTCR1, UARTCR2). The operating status can
be monitored using the UART status register (UARTSR).

UART control register
7 6 5 4 3 2 1 0
RTCR »
0ooss | TXE [RXE [STBT]EVEN] PE [ BRG . | (Initial value: 0000 0000)

000: fe/13 [Hzl
001: fe/26

010: fo/52

011: fer104

100: fc/208

101: /416

110: 7C5 (INTTC5)
11: 1c/96

BRG Transmit clock select

0: No parity

PE Parity addition 1: Parity

Write-
0: Odd-numbered parity only
1: Even-numbered parity

EVEN Even-numbered parity

: 1bit
: 2bit

: Disable
: Enable

: Disable
: Enable

— >

STBT Transmit stop bit length

RXE Receive operation

- D

-

TXE Transfer aperation

Note 1: When operations are disabled by setting TXE and RXE bit to "0, the setting becomes valid when data
transmit or receive complete. When the transmit data is stored in the transmit data buffer, the data are
nat transmitted. Even if data transmit is enabled, until new data are written to the transmit data buffer,
the current data are not transmitted.

Note 2. The transmit clock and the parity are common to transmit and receive.

210
| rxpNC[storer (Initial value: *++ *000)

UARTCR2
(0026,)

0: 1 bit

TOP! i il .
STOPBR | Receive stop bil length 1: 2bit

00: No noise rejection (hysteresis input) Write-
Selection of RxD input noise 01: Rejects pulses shorter than 31/f¢ [s] as noise only
rejection time 10: Rejects pulses shorler than 63/fc [s] as noise
11: Rejects pulses shorter than 127/fc [s] as noise

RxDNC

Note 3: When RxDNC = 01, pulses langer than 96/fc [s] are always regarded as signals ; when RXDNC = 10, longer
than 132/fc {s] ; and when RxDNC = 11, longer than 384/fc [s]

Figure 2-39. UART Control Register
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UARTSR 6 5 4 3 2 .
(0025,) | PERR [ FERR |OERR| RBFL [TEND[TBEP| (Initial value: 0000 11#+)
TBEP  |Transmit data buffer empty flag |07 = '
piyTad 1: Transmit data buffer empty
. 0: Transmitting
TEND Transmit end flag 1+ Transmit end
. 0: -
RBFL Receive data buffer full flag 1: Receive data buffer full R::;-
OERR | Overrunerror flag 0: No overrun error
1: Overrun error
FERR Framing error flag 0: Ne fr?mmg error
1: Framing error
: 0: No parity error
PERR Parity error flag 1+ Parity error
UART receive data buffer {Initial value: 0000 0000) Read-only
RDBUF 7 6 5 4 3 2 1 0
O |, o, . ]
UART transmit data buffer (Initial value: 0000 0000) Write-only
TDBUF 7 6 3 4 3 2 1 0
(0F9By,) [ 1 ) 1 1 I 1 I |

Figure 2-40. UART status register and Data Buffer Registers
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2.8.3 Transfer Data Format

In UART, a one-bit start bit (low level) , stop bit (bit length selectable at high level, by STBT), and
parity (select parity in PE ; even-or odd-nurnbered parity by EVEN) are added to the transfer data. The
transfer data formats are shown as follow.

Table 2-13. Transfer Data Format

PE STBT Frame fength
I A I B s NI I I BRI S VR B I
0 o || T\ Start {0 Xbitt X=---=X b6 X b7 Y stop!
0 1 ™\ Start W--—-x bite_X_bit7 Y Stop!  Stop2
1 o | T\ start {Tbito Y bit X=----X bie X iz X Parity ¥ stop!
1 1 T\ _stert "bit0 Y biti X ----- X bite X bit7_X Parity ¥ Stop1 _ Stop2

Note: In order to switch the transmit data format, perform transmit operations in the following

sequence except for the initial setting.

Without parity / 1 STOP bit

=

With parity / 1 STOP bit

X

N,

Without parity / 2 STOP bit

)y

With parity /2 STOP bit
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2.8.4 Transfer Rate

The baud rate of UART is set of BRG (bit 0, 1, and 2 in UARTCR1) . The example of the baud rate
shown as follows,

Table 2-14. Transfer Rate

Sourse clock
BRG
16 MHz 8 MHz 4 MHz

000 - 76800 [baud] 38400 [baud] 19200 [baud]
BTN IO O = N
“(;1_0“- 19200 i 9600 4800
ot | o600 | as0 | a0
NN O T

101 ] 2000 | 1200 --600

‘When TC5 is used as the UART transfer rate (when BRG=110), the transfer clock and transfer rate are

detarmined as follows:
Transfer clock = TCS5 source clock
TTREGS set value
Transfer clock
Transfer rate = 16

2.8.5 Data Sampling

The UART receiver keeps sampling input using the clock selected by BRG (bit 0, 1, and 2 in UARTCR1)
until a start bit is detected in RxD pin input. RT clock starts at the falling edge of the RxD pin, Once a
start bit is detected, the start bit, data bits, stop bit(g), and parity bit are sampled at three times of RT7,
RT8, and RT9 during one receiver clock interval (RT clock). (RTO is the position where the bit
supposedly starts) . Bit is determined according to majority rule (the data are the same twice or more

out of three samplings) .
RxD pin \ Start bit A bitd
RTO 1 2 3 4 5 6 7 8 9 1011121314150 1 2 3 4 5 6 7 8 9 1011

RT clock

l l l |1 |
Internal receive data 1 Start bit L bit 0 Y ¥ ¥

a) Without noise rejection circuit
RxD pin l \ Start bit A bit0 x

RTO 1 2 3 4 5 6 7 89 1011121314150 1 2 3 4 5 6 7 8 9 1011

RT clock

N\ lll L bito H\'r

Internal receive data Start bit

b) With noise rejection circuit

Figure 2-41. Data Samping
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2.8.6

2.8.7

2.8.8
)

(2)

2.8.9
m

STOP Bit Length

Select a transmit stop bit length (1 or 2 bits) by STBT (bit 5 in UARTCR1)

Parity

Set parity / no parity by PE ; set parity type (ocdd-or even-numbered) by EVEN (bit 4 in UARTCR1).
Transmit/ Receive

Data transmit

Set TXE (bit 7 in UARTCRI) to 1. Read UARTSR to check TBEP=1, then write data in TDBUF
(transmit data buffer)., Writing data in TDBUF zero-clears TBEP, transfers the data to the transmit
shift register and the data are sequentially output from the TxD pin. The data output include a one-bit
start bit, stop bits whose number is specified in STBT (bit 5 in UARTCRI) and a parity bit if parity
addition is specified. Select the data transfer baud rate using bits 0 to 2 in UARTCR1. When data
transmit starts, transmit buffer empty flag TBEP is set to 1 and an INTTX interrupt is generated.
When transmitting dats, first read UARTSR, then write data in TDBUF. Otherwise, TBEP is not zero-
cleared and transmit does not start.

Data receive

Set RXE (bit 6 in UARTCRI1) to 1. When data are received via the RxD pin, the receive data are
transferred to RDBUF (receive data buffer). At this time, the data transmitted include a start bit and
stop bit(s) and a parity bit if parity addition is specified. When stop bit(s) are received, data only are
extracted and transferred to RDBUF (receive data buffer). Then the receive buffer full flag RBFL is set
and an INTRX interrupt is generated. Select the data transfer baud rate using bits 0 to 2 in UARTCRL.
If an overrun error (OERR) occurs when data are received, the data are not transferred to RDBUF
(receive data buffer) but discarded; data in the RDBUF are not affected.

Note: When a receive operation is disabled by setting RXE bit to “07, the setting becomes valid when
data receive is completed. However, if a framing error occurs in data receive. the receive-
disabling setting may not become valid. if a framing error occurs, be sure to perform a re-
recejve operation.

Status Flag/ Interrupt Signal
Parity error

When parity determined using the receive data bits differs from the received parity bit, the parity error
flag PERR is set in UARTSR. Reading UARTSR then RDBUF clears PERR.

RxD pin K Parity y Stop

1
Shift register oo xx X prxxxOe X 1pxxxx0

PERR / Reading UARTSR then RDBUF

: clears PERR,
INTRX ”

Figure 2-42. Generation of Parity Error
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(2) Framing error
‘When 0 is sampled as the stop bitin the receive data, framing error flag FERR is set. Reading UARTSR
then RDBUF clears FERR.
RxD pin Y Final bit N\ stop T
r !
shift register XXXO* % ) G X 1oxxd
FERR / Reading UARTSR then RDBUF
: clears FERR.
INTRX ﬂ
Figure 2-43. Generation of Framing Error
(3} Overrunerror
When all bits in the next data are received while unread data are still in RDBUF, overrun error flag
OERR is set. In this case, the receive data is discarded ; data in RDBUF are not affected. Reading
UARTSR then RDBUF clears OERR.
RBFL = "H”
RxD pin X Final bit Y Stop
/
Shift register XXX0** X KXXXO* _X HoxxxQ
3
RDBUF YYYY
OERR / Reading UARTSR then RDBUF
: clears OERR.
INTRX n
Figure 2-44. Generation of Qverrun Error
(4} Receive data buffer full
Loading the received data in RDBUF sets receive data buffer full flag RBFL, Reading UARTSR then
RDBUF clears the RBFL.
RxD pin X Final bit Y stop
A
Shift register XXX % _X XXXXO* X 1xxxx0
Py
RDBUF YYyYy X xuxx
RBFL / Reading UARTSR ther RDBUF
clears RBFL.
INTRX n
Figure 2-45. Generation of Receive Ruffer Full
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(5) Transmit data buffer empty
‘When no data is in the transmit buffer TDBUF, TBEP is set, that is, when data in TDBUTF are
transferred to the transmit shift register and data transmit starts, transmit data buffer empty flag
TBEP is set. Reading UARTSR then writing the data to TDBUF clears TBEP.
¢ data write l data write
TDBUF XXXX X YYYY --- x:zzz
E ‘ ¥y - ¥
Shift register dedkded k] X 1XKKXO§ X * 10X E—-—-— x LEZ TR BY X Ahhhk] X 1yyyy0 x
TxD pin \\ Start bit0 ) . x Final bit y Stop \ Start 4
TBEP _/—_\ --- f \
After%reading UARTSR, writing
INTTX N — [] ToBUFclears TeeP.
Figure 2-46. Generation of Transmit Buffer Empty
(6) Transmitend flag

When dala are transmitted and no data is in TDBUF (TBEP =1), transmit end flag TEND is set.
Writing data to TDBUF then staring data transmit clears TEND.

Transmit clock n n n rl n n r!
X

shift register S D ) ST

[}
1
TxD pin X y Stop N Start !A bitQ

1
Data writing Lo TOBUF t i

TBEP

S

TEND

INTTX

Figure 2-47. Generation of Transmit Buffer Empty
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2.9 Serial Interface (S10)

The B6C829/H29/M29 have one clocked-synchronous 8-bit serial interface. Serial interface has an 8-
byte transmit and receive data buffer that can automatically and continuously transfer up to 64 bits of
data.

The serial interface is connected to external devices via pins P16 (S0), P15 (SI), P17 (S8CK). The serial
interfacc pins are also used as port P1, When these pins are used as serial interface pins, the
correspondence output latch should be set to “1”. In the transmit mode, pin P15 can be used as normal
I/O port, and in the receive mode, the pin P16 ¢an be used as normal 'O ports.

2.9.1 Configuration

510 control / status registers

SIOCR1/SIOSR SI0CR2

™ T T T T T T l | T T T T ]
1 1 L L 1 1 1 1 1 1 L

LA
Transmit and receive
data buffer
{8 bytes in DBR)

Buffer contral
circuit

Control circuit Rl

Shift register
7 6 5 4 3 2 1 0

Shift T L T 50 pin
clock L L1 l"’l:lSerlal data output
8-bit transfer 4-bit transfer Sl pin

r : ﬁ':JSenaI data input

INTSIO interrupt request Serial clock SCK pin
Senal clock VO

Figure 2-48. Serial Interfaces
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2.9.2 Control

The serial interface is controlled by SIO control registers (SIOCR1/SIOCR2). The serial interface status
can be determined by reading SIO status register (SIOSR).

The transmit and receive data buffer is controlled by the BUF (bits 2-0 in SIOCR2). The data buffer is
assigned to address 0F90y to 0F97y for SIO in the DBR area, and can continuously transfer up to 8
words (bytes or nibbles} at one time. When the specified number of words has been transferred, a buffer
empty (in the transmit mode) or a buffer full (in the receive mode or transmit/receive mode) interrupt
(INTSIQ) is generated.

When the internal clock is used as the serial clock in the 8-bit receive mode and the 8-bit transmit /
receive mode, a fizxed interval wait can be applied to the serial clock for each word transferred. Four
different wait times can be selected with WAIT (bits 4 and 3 in SIOCR2),

S0 Control Register 1
7 6 5 4 3 2 1 0

SIOCR1  si05 | 80 | siom SeK ] (Initial value: 0000 0000)
(0F98y) ——
SI0S Indicate transfer start/ stop ? 2::2
. 0: Continue transfer
SIQINH | Continue/abort transfer 1. Abort transfer {automatically cleared alter abort)
000: 8-bit transmit mode
010: 4-bit transmit mode
SIOM Transfer mode select 100 8-bit transmit/receive mode
101: 8-bit receive mode
110: 4-bitreceive mode Write-
NORMAL1/2,IDLE1/2mode |\ o eern mode only
DV7CK=0 DV7CK =1
000 fuz™ fs/28 fs/28
oo fo/28 fo2® -
SCK Serial clock select 010 2’ o2’ =

on fes2¢ fo2® -
100 {25 T2t -
101 fer2 fe/2t -
110 reserved
111 External clack {input from SCK pin) _‘

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

Note 2: Set 5105 to “0” and SIOINH to 1 when setting the transfer mode or serial clock.

Note 3: SIOCRT is write-only register, which cannot access any of in read-modify-write instruction such as bit
operate, etc.

310 Status Registers

7 & s..ABl Lo
SIOSR  [sioF [ ser | 07T nitial value: 00wx xwss)
Serial transfer operating|0: Transter terminated
SIOF . )
.| status monitor 1: Transferin process Read-
SEF Shift operating status|0: Shift operation terminated only
monitor 1: Shift operation in process

Figure 2-49. SIO Control Register and Status Register (1/2)
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SIO Control Register 2

sio1cr2 7 6 5 4 3 2 1 0
(0F99,) P waT | BUF | | (nitial value: wx+0 0000)

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

WAIT | Wait control 01: Ty =2Tp
10: T =4Tp }(wait)
11: Tf = STD
Buffer address used .
00C: 1 word transfer  OF90y Write-
001: 2 wordstransfer OF90 to OF91y only

010: 3 wordstransfer 0F90 to OF92y
BUF Number of transfer words 011: 4 words transfer 0F90 to 0F93y,
100: 5 words transfer 0F90 to QF94y
101: 6 words transfer OF90 to QF95y
110: 7 words transfer 0F30 to 0F96y
111: 8 wordstransfer QF90 to QF97y

Note 1 Ty frametime, Tp,; data transfertime

spn W L LTI

. To

16

R} IJ_LI_

- Tt ~—

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

Note 3: Transmitting starts at the lowest address. Received data are also stored starting from the fowest
address to the highest address. For example, in the case of 510, the first buffer address transmitted is
6F90,.

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

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

Note &: SIOCR2 is write-only register, which cannot access any of in read-modify-write instruction such as bit
operate, etc.

Note 7: =;Don’t care

Figure 2-49. SI0 Control Register and Status Register (2/2)
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(1} Serial Clock
a. Clock Source
SCK (bits 2 - 0in SIOCR) 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 SCXK pin. The
SCK pin goes high when transfer starts.

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

Table 2-15. Serial Clock Rate

Serial clock Transfer rate
NORMAL1/2, IDLE1/2 modes

SLOW, SLEEP modes fc= 16 MHz fs=32.768 kHz
DV7ICK =0 DV7CK=1
fc/2 [Hz) fs/2* [Hz] /2% [Hz] 1.91 Kbit/s 1 Kbitss
fc/2® fc/28 -~ 61.0 Kbit/s -
/2’ fc/2’ - 122.1 Kbit/s -
{28 fsr28 - 2441 Kbit/s -
fcs25 fc/28 - 488.3 Kbit/s -
fef2t fo/at - 976.6 Kbit/s -

Note: 1 Kbit = 1024 bit

automatically

| wait function |
SO pin output \ a0 X ar X a2 ) 23 ) 4
Written transmit :X/a X/b‘ —_—

data tothe DBR

Figure 2-50. Clock Source (internal Clock)
@ External Clock

An external clock connected to the SCK pin is used as the serial clock. In this case, the P17 (SCK)
must be set to the input mode. To ensure shifting, a pulse width of at least 4 machine cycles is
required. This pulse is needed for the shift operation to execute certainly. Actually, there is
necessary processing time for interrupting, writing, and reading. The minimum pulse is determined
by setting the mode and the program.

SCK pin input | I—I | —[ l l [

tsekl tsexm

tsexl Ysoxn > 41CYC Note: teye = dffe (In NORAMLT/Z, IDLET/2 modes)
4/f5 {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).
5CK pin 20 I 2 R N I
50 pin N _bitdo X bit1 X bit2 X bit3
Shift register X 3210 X *321 X 32 X wxs3
(2) Leading Edge
swon L f L LI LT
St pin X bito X bit1 X bit2 X bit3
Shift register el X Qaas X 10+ L210' X321°
Note: =, Don’t care
(b} Trailing Edge

Figure 2-51. Shift Edge
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{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 (L.SB).

(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 enntinuously. The number of words to be transferred is loaded to BUF.

An INTSIO interrupt is generated when the specified number of words has been transferred. If the
number of words is to be changed during transfer, the serial interface must be stopped before making
the change. The number of words can be changed during automatic-wait operation of an internal clock,
In this case, the serial interface is not required to be stopped.

swen LI LT LI L
SO pin \anxa1 Xazxaa

INTSIO interrupt n

(a) 1Word Transmit

swen L LI LT LT L L L L LML Lo
$O pin \ 2o X Y22 X3 X b0 X b1 X bz X b X o X & X @ X &

INTSIO interrupt n

(b)Y 3Words Transmit

§1 pin X 20 X a Xa X a3 X'bo Xby X b2 X035 X Xov X2 X [/

INTSIO interrupt |

(¢) 3 Words Receive

Figure 2-52. Number of Bits to Transfer (Example: 4-bit serial transfer)
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2.9.3 Transfer Mode

(1)

SIOM (bits 5 to 8 in SIOCR1) is used to select the transmit, receive, or transmit/receive mode,
4-bit and 8-bit Transmit Modes

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

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

Note: Automatic-waits are also canceled by writing to a DBR not being used as a transmit data buffer
register; therefore, during S10 do not use such DBR for other applications. For example, when
3 words are transmitted, do not use the DBR of the remained 5 words.

When an external clock is used, the data must be written to the data buffer register before shifting next
data. Thus, the transfer speed is determined by the maximum delay time from the generation of the
interrupt request to writing of the data to the data buffer register by the interrupt service program,
‘When the transmit is started, after the SIOF goes “high” 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
SIO3R) because SIOF is cleared to “0” when a transfer is completed.

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

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

If it is necessary to change the number of words, SIOS should be cleared to “0”, then BUF must be
rewritten after confirming that SIOF has been cleared to “0”.
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e clear 5108

SI0S fl l “\\
SIOF | \.,__l_
“__| L1 L

s0pin XXX B D e XX B X

INTSIO interrupt | 1|
o
DBR HIER EIE
% + {a) Internal Clock
write write
(a (v

L clear SIOS

$I10S _fj |

SIOF ___] |
SEF __.J j_l 7

SCK pin (output)

T 1 69 60 1) 0 0 ) 0 0 ) O O T,

INTSIO interrupt "\ ”

DBR lalb

1 1‘ (b) External Clock
write write

{a) (b}

Figure 2-53. Transfer Mode (Example: 8-bit, 1 Word Transfer)

SCK pin I l
SIOF L

50pin “oie X bit7 : /

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

Figure 2-54. 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 SI 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
ie generated to requect 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 notbe 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 S!0 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.

The receiving is ended by clearing SIOS to “0” or setting SIOINH to “1” in buffer full interrupt service
program, When SIOS is cleared, the current data are transferred to the buffer. After SIOS cleared, the
receiving is ended at the time that the final bit of the data has been received. That the receiving has
ended can be determined from the status of SIQF (bit 7 in SIOSR). SIOF is cleared to “0” when the
receiving is ended. After confirmed the receiving termination, the final receiving data is read. When
SIOINH is set, the receiving is immediately ended and SIOF is cleared to “0™. (The received data is
ignored, and it is not required to be read out.)

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 operation
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.

fem——— clear 510§ ————————>]

SIOS

SIOF

S5EF

SCK pin output

Sl pininput

INTSIQ interrupt

DBR

Read out Re:

Figure 2-55. 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 interrupl is generated when the number of
data words specified with the BUF has been transferred. The interrupt service program reads the
received data from the data buffer register and then writes the data to be transmitted. The data buffer
register is used for both transmitting and receiving; therefore, always write the data to be transmitted
after reading the received data.

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

Note: The wait s also canceld by writing to a DBR not being used as a transmit data buffer registers;
therefore, during SIO do not use such DBR for other applicatiorns.

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 mazimum
delay between generation of an interrupt request and the received data are read and the data to be
transmitted next are written.

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

The transmit / receive operation is ended by clearing SIOS to “0” or setting SIOINH to “1” in interrupt
service program.

When SIOINH is set, the transmit / receive operation is immediately ended and STIOF is cleared to “0”.
If it is necessary to change the number of words in external clock operation, SIOS should be cleared to
“07, 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 sutomatic-wait 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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I"""— clear SIOS —

SI05

SIOF

SEF

SCK pin output’

SO pin

Sl pin 7222700 R Kee X cakea Xes X ceX ez [ X doX 81 X9z X 03 X da X ds )X ds X 7

INTSIO interrupt “ L

DBR X a b Xd
} ¥

write (a) read out (¢} write (b) read oyt {d)

Figure 2-56. Transmit/Receive Mode (Example: 8-bit, 1word, internal clock)
SCKpin _I I
SIOF I__..:
SO pin bit6 X bit7§ /

 lsopH

tsopy =min. 4ffc [s] (In the NORMAL1/2, IDLE1/2 modes)
= min. 4/fs [s]{In the SLOW. SLEEPmodes)

Figure 2-57. Transmitted Data Hold Time at End of Transmit/Receive

93



TOSHIBA Under Development TMP86C829/H29/M29

2.10 10-bit A/D Converter {ADC)
The 86C829/H29/M29 have a 10-bit successive approximation type A/D converter.
2.10.1 Configuration

The circuit configuration of the 10-bit A/D converter is shown in Figure 2-58.
It consists of control registers ADCCR1 and ADCCR2, converted value registers ADCDR1 and
ADCDR2, a D/A converter, a sample-and-hold circuit, 2 comparator, and a successive comparison

circuit,
. (——mmm . D/A converter
T R2 R Rf2
avoo B LT :
Analog input multipiexer _.Samplehold Reference
i cireuit : voltage
AING ———— A v :
O—
AiN1 B % 0
k Analog
comparator
AINe O——G 4
AIN? O———~B - . . Successive approximate circuit
5 SAIN 4 Shift clock ! PP
EN P
AINDS I
EN Control circuit INTADC
)
A8 j IREFON | ACK B
42 84 142 £ock | ADBF
ADRs | | amMD ! A ’ \
P&CR ADCCR1 ADCCR2 ADCDR1 ADCDR2
P& port input / output control register A/D converter control register1, 2 A/D conversion result register

Figure 2-58. A/D Converter (ADC)

210.2 Register Configuration
The A/D converter consists of the following four registers:

¢ A/D converter control register 1 (ADCCR1)
¢ A/D converter control register 2 (ADCCR2)
¢ A/D converted value register H/L (ADCDR1/ADCDR2)

(1) A/D converter control register 1 (ADCCR1)
This register selects the analog channels and operation mode (software start or repeat) in which to
perform A/D conversion and controls the A/D converter as it starts operating.

(2) A/D converter control register 2 (ADCCR2) .
This register selects the A/D conversion time and controls the connection of the D/A converter (ladder
resistor network),

(3) A/Dconverted value register (ADCDR1)
This register is used to store the digital value after being converted by the A/D converter.

{4) A/D converted value register (ADCDR?2)
This register monitors the operating status of the A/D converter.

The A/D converter control register configurations are shown in Figures 2-59 and 2-60.
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ADCCR1
(000ER)

ADCCR2
(COOF )

AJD Converter Control Register 1

7 6 5 4 3 2 1 0
[ ADRs | AMD | AINDS | . SAIN . | (initial value: 00010000)

The ADRS bit is automatically cleared after starting A/D
conversion. During A/D conversion, setting ADRS to “1*
ADRS ASD conversion start initializes the ADRS DIt and resets conversion.

0: -

1 Start

00: A/D operation disable
01: Software start mode
10: reserved

11: Repeat mode

AMD A/D Operating mode

AINDS | Analog input control 1: Analog input disable

000: Selects AINQ
001; Selects AIN1
010: Selacts AIN2
011: Selects AIN3
100: Selects AIN4
101: Selects AINS
110: Selects AING
111: Selects AIN7

SAIN Analog input channel select

Note 1: Select analog input when AID converter staps.

Note 2: When the analog input is all use disabling, the AINDS should be set to “1”.

Note 3; During conveniun, do not perform output instruction to maintain a precision for ali of the pins. And
port near to analog input, do not input intense signaling of change.

Note 4 The ADRS is automatically cleared to "0" after starting conversion.

Nate 5 Always set bit 3 in ADCCRT ta “0".

Note 6: Do not set ADRS (ADCCR1 bit 7) newly again during A/D conversion. Before you set ADRS newly again,
check EOCF {ADCDR bit 5) to see that the conversion is completed or wait until the interrupt signal
(INTADC) is generated (e.g., interrupt handling routine).

A/D Converter Control Register 2

S . S 2 ! WO
| IREFON | “ye L ACK —| »g*  :{Initial value: ++0x 000#)
D/A converter Inputting current to the ladder resistor
IREFON | (ladder resistor) 0: Connected only during A/D conversion
connection control 1: Always connected
ACK C°”t‘i'::;'°" fc= 16 MHz| fc = 8 MHz | fc = 4 MHz | fc = 2 MMz
000 39/fc [s] = - - 19.5
001 reserved RW
. . 010 78/ [s] - - 19.5 39.0
]
ACK A/D canversian time select 011 158/fc [s] _ 195 390 156.0
100 312/fcs] 19.5 39.0 156.0 -
101 624/5¢ [s] 39.0 78.0 - -
110 | 1248/c[s] 78.0 156.0 - -
111 : reserved

Note 1. Settings for "~ ” in the above table are inhibited.
Note 2. Set conversion time by analog reference voltage (Vger) as follows.
Varer=4.5105.5 V(15.6 x or more}
VARE'r:z. Zto5.5 V(312 £ or more)
Vaper=1.8t05.5V(124.8 . or more)
Note 3: Always set bit 0in ADCCR2 to "0” and set bjt 4in ADCCR2 to "1,
Note 4: When a read instruction for ADCCR2, bit 6 to 7 in ADCCR2 read in as undefined data.
Note5: fc,; High-frequency clock [Hz]
Note 6: The DIA converter is disconnected when in STOP mode. Therefore, set it newly again after exiting STOP
mode.

Figure 2-59. A/D Cunverter Cuntrol Register
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ASD Conversion Result Register

7 6 5 4 3 2 1 0
6355'? [ AD0s | ADo8 | AD07 | AD06 | ADOS | AD0a | AD03 | AD02 | (lnitial value: 0000 0000}
ADCDR2 IAD01 IADOO | EQCF IADBF I H H i ¢ (Initial value: 0000 wxxx)

0: Before or during conversion
1: Conversion completed Read-
only

EOCF | A/D conversion end flag

0: During stop of A/D conversion

ADBF A/D convarsion busy flag 1: During A/D conversion

Note 1: The EOCF is cleared to “0” when reading the ADCDR1.
Therefore, the A/D conversion result should be read to ADCDR2 more first than ADCDR1.

Note 2: ADBF is set to "1 when A/D conversion starts and cleared to "0~ when the A/D conversion is finished.
it also is cleared upon entering standby mode (STOP or SLOW).

Figure 2-60. A/D Converter Result Register

2.10.3  A/D Converter Operation
(1) Setup the A/D converter control register 1 (ADCCR1) as follows:

¢ Choose the channel to A/D convert using A/D input channel select (SAIN).
¢ Specify analog input enable for analog input control (AINDS).
¢ Specify AMD for the A/D converter control operation mode (software or repeat mode).

(2) Setup the A/D converter control register 2 (ADCCR?2) as follows:

* Set the A/D conversion time using A/ conversion time (ACK). For details on how to set the
conversion time, refer to Note 2 for A/D converter control register 2.
¢ Choose IREFON for D/A converter control.

(3) After setting up (1) and (2) abeve, set AD conversion start (ADRS) of A/D converter control register 1
(ADCCR1) to “1”, If software start mode has been selected, A/D conversion starts immediately.

(4) After an elapse of the specified A/D conversion time, the A/D converted value is stored in A/D converted
value register 1 (ADCDR1) and the A/D conversion finished flag (EOCF) of A/D converted value
register 2 (ADCDR2) is set to “1”, upon which time A/D conversion interrupt INTADC is generated.

(5) EOCF is cleared to “0” by a read of the conversion result. However, if reconverted before a register read,
although EOCF is cleared the previous conversion result is retained until the next conversion is
completed.
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A/D Converter Operation Modes

There are following two A/D converter operation modes:
¢ Software start: A/D conversion is performed once by setting AM1) to “01” and ADRS to “1”,

¢ Repeat mode:

Software start mode

After setting AMD (ADCCRI1 bits 5, 8) to “01” (software start mode), set ADRS (ADCCR1 hit 7) to “1™.
A/D conversion of the voltage at the analog input pin specified by SAIN (ADCCR1 bits 0-3) is thereby

started.

A/D conversion is performed repeatedly by setting AMD to “11” and ADRS to “1”.

After completion of the A/D) conversion, the conversion result is stored in A/D converted value registers
(ADCDRI, 2) and at the same time EOCF (ADCDR2 bit 5) is set to 1, the A/D conversion finished
interrupt (INTADC) is generated.
ADRS is automatically cleared after A/D conversion has started. Do not set ADRS (ADCCR1 bit 7)
newly again (restart) during A/D conversion. Before you set ADRS newly again, check EOCF (ADCDR
bit 5) to see that the conversion is completed or wait until the interrupt signal (INTADC) is generated
(e.g., interrupt handling routine).

ADRS

Convert operation

ADCDR1

EOCF

INTADC

n

[

Indpterminate XFirst conversion result X Second conversion result

—

[

[

ASD conversion start

Conversion
result read

EQCF Cleared by reading
conversion result

Figure 2-61. Operation in Software Start Mode
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(2)

Repeat mode

A/D conversion of the voltage at the analog input pin specified by SAIN (ADCCRL bits 0 to 3) is
performed repeatedly. In this mode, A/D conversion is started by setting ADRS (ADCCRI1 bit 7) to “1”
after setting AMD (ADCCR1 bits 5,6) to “11”.

After completion of the A/D conversion, the conversion result is stored in A/D converted value registers
{(ADCDR]1, 2} and at the same time EOCF (ADCDR2 bit 5) is set to 1, the A/D conversion finished
interrupt (INTADC) is generated. .

In repeat mode, each time one A/D conversion is completed, the next A/D conversion is started. To stop
A/C conversion, set AMD (ADCCRI1 bite 5, 8) to “00” (disable mode) by writing 0s. The A/D convert
operation is stopped immediately. The converted value at this time is not stored in the A/D converted
value register.

AMD = 1” AMD =00
ADRS = 1 _|

ASD convert operation
Convert suspended. is not
operation First conversion x Second conversion x Third conversion X \ st%’:;_ﬁf""" resuitis no
ADCDR1 Indeterminate X First conversion result Yoecond conversion result X Third conversion result
EQCF I I I I
INTADC ]1 n n

A/D conversion start EQCF cleared by reading A/D conversion finished
conversion result

Figure 2-62. Operation in Repeat Mode

2.10.5 STOP and SLOW Modes during A/D Conversion

When standby mode (STOP or SLOW mode) is entered forcibly during A/D conversion, the A/D convert
operation is suspended and the A/D converter is initialized. Also, the conversion result is
indeterminate. (Conversion results up to the previous operation are cleared, so be sure to read the
conversion results before entering standby mode,) When restored from standby mode, A/D conversion is
not automatically restarted, so you need to restart A/D conversion. Note that since the analog reference
veltage is automatically disconnected, there is no possibility of current flowing into the analog
reference voltage.
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2.10.6  Precautions about A/D Converter
(1) Anslog input pin voltage range

Make sure the analog input pins (AINO to AIN7) are used at voltages within VSS below VAREF. If any
voltage outside this range is applied to one of the analog input pins, the converted value on that pin
becomes uncertain. The other analog input pins also are affected by that.

{2) Analoginputshared pins

The analog input pins (AING to AIN7) are shared with input/output ports. When using any of the
analog inputs to execute A/D conversion, do not execute input/output instructions for all other ports.
This is necessary to prevent the accuracy of A/D conversion from degrading. Not only these analog
input shared pins, some other pins may also be affected by noise arising from input/output to and from
adjacent pins.

{3) Noise countermeasure

The internal equivalent circuit of the analog input pins is shown in Figure 2-63. The higher the output
impedance of the analog input source, more easily they are susceptible to noise. Therefore, make sure
the output impedance of the signal source in your design is 5 k(} or less. Toshiba also recommends
attaching a capacitor external to the chip.

Internal resistance
AINi R=5kil (typ.) Analog comparator

B—w —{1 W—o5
Allowable signal ..L i

source impedance lcm‘e{nachapadtance
5k{) (max.) ; =22pF (typ.) I

D/A converter Note: i=0to 7

Figure 2-63. Analog Input Equivalent Circuit and Example of Input Pin Processing
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2.11  Key-On Wake-Up (KWU)

In the TMP86C829/H29/M29, the STOP mode must be released by not only P20 (INT5 / §TOP) pin but
also P64 to P67 pins, A
When the STOP mode is released by P64 to P67 pins, the P20 (INT5 / STOP) pin needs to be used.

2.11.1  Configuration

Stop mode control INTS = 3@ D P20 (INTS /5TOR)
Stop mode
release signal D PG4 (AIN4 / STOP2)

(1: release}

{T] eestainsisToP3)
{T] re6(aine/sTOPS)

——{ ] Ps7(aiN7/sTOPS)

V.YV,

A

N |
s[s[s s
storcr |Slalolal=]-
Feay [P IP[P|P
©OFSAR 11215 |5

Figure 2-64. Stop Mode Control Circuit

Note: When STOP mode is released by P20 and P64 to P67, the most priority is P20 .
When P64 to P67 pin used to refease the STOP rnode, then P20 must be input to 0" fevel.

a) aipPz0 b) atPbatoPb7
P20 “L"
P20 pin
——
- $STOP mode —» STOP mode release P64 mT—|_—

= STOP mode —» .. STOP mode release

2.11.2 Control

P64 to P87 (STOP2 to STOP5) pin can controlled by Key-On Wake-Up control register (STOPCR). It
can be configured as enable /disable in one-bit unit. When those pins are used by STOP mode release,
those pins must be set input mode (P6CR, PEDR, ADCCRA).

The STOP mode is set by SYSCR1 and release is the selected pin (STOPCR bit) to “0”. When the STOP
mode is released by inputting to P64 to P67 pins, the STOP mode (level mode) must be started by the
system register I (SYSCR1). When the STOP mode, pleas check the level that P64 to P67 pin is high.
When the STOP mode release, P20 pin must be use.

Note: When the STOP mode release by edge mode, do not use STOP2 to STOP5 or must be set “1”
level into STOP2 to STOPS pins.

Key On Wake Up control register
STOPCR 7 6 5 4 3 2

STOP2 |Stop mode released by P64 port ? EDris:tglee

STOP3 | Stop mode released by P6S port ? EDL?QE write-
STOP4 | Stop mode released by PEE port ? EL?&': only
STOP5 | Stop mode released by P67 lpor‘t (1) ED;saabtilee

Figure 2-65. Key On Wake Up control register
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212 LCD Driver

The B6C829/H29/M29 each have & driver and control circuit to directly drive the liquid erystal device
(LCD). The pins to be connected to LCD are as follows:

@ Segment output port 8 pins (SEG7 to SEG0)
@ Segment output or P1, P5, P7 input/ output port 24 pins (SEG31 to SEGS)
(® Common output port 4 pins (COMS to COMQ0)

In addition, C0, C1, V1, V2, V3 pin are provided for the LCD driver’s booster circuit.

The devices that can be directly driven is selectable from LCD of the following drive methods:

@ 1/4Duty {1/3Bias)LCD ................ Max 128 Segments (8-segment X 16 digits)
@ 1/3Duty (1/3Bias)LCD ........... +eeo. Max 96 Segments (8-segment X 12 digits)
@ 1/2Duty (V2Bias)LCD ................ Max 64 Segments (8-segmentX 8 digits)
@ StaticLCD ...ovvviiiniiiiiiiiiieaans Max 32 Segments (8-segmentX 4 digits)

2.12.1  Configuration

LCDER
7 6 5 4 3 2 1 0

|EDSP] 5LFR | DUTY | SLF |
—_—

DBR
fo2'7, £5/2°

fo/2'8, 5728

fe2's
fer2'3 {)
¥ oy Jr y

display data area

H i
] 1
- Duty ! Timing ! Display data select |
t2'3, 15725 control i control i 'splay cata selact contro
fer2', £5723 * ‘
i Y
fdz"o,fs/zz TTT IIIJIII II"I'IIII IIIIIII!III
9 _,| Blanking Display data buffer register
fcl2 >
———— control
) Y. K )
¥
Constant voltage ) I - ;
booster circuit Common driver I >| l Segment driver

o a4 v vz v3 COMO0 to COM3 SEGO to S5EG7 SEGS8 to SEG31

Figure 2-66. LCD Driver
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2.12.2 Control

The LCD driver is controlled using the LCD control register (LCDCR). The LCD driver’s display is
enabled using the EDSP,

7 [ 5 4 3 2 1 0

LCDCR  |EpsP[BRES| WFSEL | DUTY | SLF | (initial value: 0000 0000)
{0028,

00: fe/2"7 or fo2? {Hz]
Selection of LCD frame [01: fes218 or fu/28
frequency 10: fg2t?

t1: fa2t?

00: 1/4 Duty (1/3 Bias)
Q1: 1/3 Duty {1/3 Bias)
10: 1/2 Duty (1/2 Bias)
11: Static

00: f2'3 or /2% [Hz]

01: fo2' or fu2?
“StFR selection of boost frequency 10:$27 or fg/22

VFSEL 11: fer2?

SLF.

DUTY Selection of driving methods

0: Disable {use divider resistance)

BRES Booster circuit control 1: Enable

Q: Blanking
: Enables LCD display (Blanking is released)

EDSP LCD Display Control

—_

Figure 2-67. LCD Driver Control Register
(1) LCD driving methods

As for LCD driving method, 4 types can be selected by DUTY (bit 3 to bit 2 of LCDCR). The driving
method is initialized in the initial program according to the LCD used.

[

Vicps — T _l—l Vicos - W
0 N o | rl L nQ
T O O T | | HRERN
‘VLCD3:‘ -

=Vicpz —
— gata "1 — >l<— gata g~ —I b= data 1" >t data "0" -~
(a) 1/4 Duty (1/3 Bias) (b) 1/3 Duty (1/3 Bias)
e o i e
Vicos — 1/ Vioz— | F
- :
] [] !
0 — N I_l 0 —
! .
- L L
~Vicos— -Vicos —
[ e > fot— 44— ugw
data“1”  data 0" data “1 data “0" ——
(¢) 1/2 Duty (1/2 Bias) {d) Static
Note: fr ; FramefrequencyVi s ; LCD drive voltage

Figure 2-68. LCD Drive Waveform (COM — SEG pins)
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(2)

Frame frequency

Frame frequency (ff) is set according to driving method and base frequency as shown in the following
Table 2-16. The base frequency is selected by SLF (bit 1 and 0 of LCDCR) according to the frequency fc

and fs of the basic clock to be used.

Table 2-16. Setting of LCD Frame Frequency

(a) Atthesingle clock mode. Atthe dual clock mode (DV7CK = 0).
Frame frequency [Hz]
SLF | Base frequency [Hz] auency
1/4 Duty 1/3 Duty 1/2 Duty Static
fc fc 4 _fc 4 _fc fe
217 317 F] 2317 2 217 217
00
(fc =16 MHz) 122 e 83 2B ] 122
(fc= 8 MHz2) 61 81 122 61
fc fc 4 __,_fc 4 _,_fc fe
216 21 6 3 215 2 21 6 216
1
0 (e = 8 MH2) 122 163 244 122
(fc =4 MHz) 61 81 122 61
fe fe 4 _fe fc fc
21 5 21 5 3 21 5 2 21 5 21 5
10
(fc=4 MHz) 122 163 244 122
{fc=2 MHz) 61 81 122 61
fc fc . _fc 4 . fc fc
11 215 2'!3 3 213 2 213 213
{fc=1 MHz) 122 163 244 122
Note:r fc; High-frequency clock [Hz]
(b)  Atthedual clock mode (DV7CK = 10rSYSCK = 1)
Frame frequency [Hz]
SLF | Base frequency [Hz] d Al
1/4 Duty 173 Duty 1/2 Duty Static
fs fs 4 ,_fs 4 _ 1 fs
00 29 29 3 2° 2 2 29
(fs = 32.768 kHz} 64 85 128 64
fs 15 4 % 4 | s fs
LA I I 2 i 28 3 22 2 2 2
{fs =32.768 kHz) 128 17 256 128
Note: fs,; Low-frequency clock [Hz]
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(3) Boostercircuit for LCD driver

The LCD voltage booster pin can select the booster circuit or the divider resistance,

The booster circuit control is selected by BRES (bit 6 in LCDCR).

The booster circuit boosts the output voltage for the segment / common signal by double (V2) and triple
(V3) in relation to the on-chip output voltage (1 V typ.).

When used as the divider resistance, the V1, V2 and V3 pins are input by divider voltage of external
supply.

When used as the booster cireuit, the VLCD setting should be composed to 1/3 bias.

The selection of beast frequency is selected by SLFR (bit 1 to 0 in LCDCR). ‘

Selecting the fast frequency using the SLFR in the command register (LCDCR) raises the drive
capability of segment/common.

Tahle 2-17. shows the reference frequency of the booster circuit.

—r—- VDD
Keep the following
condition. V3
V2
Vi Z Vo o | ‘
vV, =08to1.2V J_

C =0.110047 4F

1 l |
V1 4
Reference voltage
(1v)

; V58

v L

Figure 2-69. Example of a Booster Circuit

Adjustment of Adjustment of Adjustment of
contrast contrast contrast
1 vDD —I_— vDD _L VDD h
V3 V3 V3
A1 = R1
V2 V2 v2
o CO —Open C0 — Open
1 R2 C1 |—Open C1 —Open
V1 Vi V1
R3 R2 R1
Vs ’;- ves E -1 V55
1/3 Bias (R1=R2=R3) 1/2 Bias (R1=R2) Static

Keep the following condition.

Figure 2-70, Example of Divider Registance
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Table 2-17. Reference Frequency of the Booster Circuit
SLFR frequency fcm 2 MHZ fcm 4 MHz fc=8MHz fc=16MHz | fs=32.768 kHz
00 ‘fc.lzﬁ or f§/23 —_ - _ 1.95kHz 1.02kHz
01 fo211 or fs/23 — 1.95 kHz 3.91kHz 7.81kHz 4.09kHz
10 fc/210 or f5/22 1.95kHz 3.91 kHz 7.81 kHz 15.6 kHz 8.19kHz
1 fc/29 3.91 kHz 7.81 kHz 15.6 kHz 31.3kHz -

Note: To fully drive the booster circuit, it must be operated with a boosting frequency of 1 kHz or
' -above. Therefore, make sure SLFR is set to 1 kHz or above for any operating frequency used.

Table 2-18. Selection of V3 Boosting Frequency

Boosting frequency fe=16 MHz fc=8MHz fs =32.768 MHz
fe/213 or £5/25 20 ms 40 ms 40 ms
fe/211 or §5/22 S ms 4 10 ms 10 ms
fe/210 or fs/24 25 ms 5 ms 5 ms

fo29 1.25 ms 25 ms —

Note 1: Topr=25°%, 0.1 uF= C5 047 uF
Note2: V3 booting time at VDD is stable.

Notice of using LCD driver

The falling time and fluctuation of power supply voltage.

When LCD driver is used with the following condition, LCD may not be displayed temporarily,
because the V1/V2/V3 pins output will be unstable by stopping of LCD booster circuit.
Therefore, please take an enough time by software, before enabling LCD.

a} When the falling time of power supply voltage is shorter than 1ms, within an operating voltage.

(at45Vio5:
1.8 Vi

, Topr =-16to #8¢)

40 85

b) When the fluctuation of power supply within Tmsis bigger than 0.7 V.
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2123
M

LCD Display Operation
Display data setting

Display data is stored to the display data area (assigned to address 0F80 to 0F8Fy) in the DBR. The
display data which are stored in the display data area is automatically read out and sent to the LCD
driver by the hardware. The LCD driver generates the segment signal and common signal according to
the display data and driving method. Therefore, display patterns can be changed by only over writing
the contents of display data area by the program, Figure 2-71, shows the correspondence between the
display data area and SEG/COM pins.

LCD light when display data is “1” and turn off when “0”. According to the driving method of LCD, the
number of pixels which can be driven becomes different, and the number of bits in the display data area
which is used to store display data also becomes different.

Therefore, the bits which are not used to store display data as well as the data buffer which corresponds
to the addresses not connected to LCD can be used to store general user process data (see Table 2-19.)

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

Table 2-19. Driving Method and Bit for Display Data

glc:!gézss bit7 but;Eh:ms _bitd _bitd brtZSEh;rH ~Lito Driving methods| bit7/3 © bit62 | bits1 | bitd/o
81 SEG3 SEG2 1/4 Duty COM3 : COM2 : COM1 @ COMO
82 SEG5 SEG4 : : :
83 SEG7 SEG6 1/3 Duty - | COM2 i COM1  COMO
:; 252?1 ggg?o 1/2 Duty - i - icom i como
26 SFG13 SEG12 Static - P~ f _f como
87 SEG15 SEG14 ‘ - :
88 SEG17 SEG16 Note: - ; Thisbitis notused for display data—l
89 SEG19 SEG18
8A SEG21 SEG20
88 SEG23 SEG22
8C SEG25 SEG24
8D SEG27 SEG26
8E SEG29 SEG28
8F \ SEFEH L L SE§30 |

COM3 COMz COM1 COMO COM3I COM2Z COM1 COMO

(2)

Figure 2-71. LCD Display Data Area (DBR)

Blanking

Blanking is enabled when EDSP is cleared to “0”,
Blanking turns off LCD through outputting a GND level to SEG / COM pin. -

When in STOP mode, EDSP is cleared to “0” and automatically blanked. To redisplay ICD after exiting
STOF mode, it is necessary to set KDSP back {o “1”.

Note: During reset, the LCD segment outputs (SEGO to SEG7) and LCD common outputs are fixed “0”
level. But the multiplex terminal (P1, P5 and P7 ports) of input { output port and LCD segment
output becomes high impedance. Therefore, when the reset input is long remarkably, ghost
problem may appear in LCD display.
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2.12.4 Control Method of LCD Driver
(1) Initial setting
Y

(2)

Figure 2-72. shows the flowchart of initialization.

Sets LCD driving method (DUTY).

Exzample: To operate a 1/4 duty LCD of 32 segments X 4 com-mons at||  SetsBoost frequency (SLFR)

frame frequency fc/216 [Hz)

LD (LCDCR),00000001B ; Sets LCD driving method
and frame frequency.
Boost frequency

LD (P1LCR),0FFH ; Sets P1 port as segment
: output.

; Sets the initial value of
display data.

LD (LCDCR), 10000001B ; Display enable

Store of display data

Sets frame frequency (SLF).

| SetsP1,PS,P7port. |

| Initialization of display data area. |

. Display enable {(EDSP)
(Releases from blanking.)

\Y

Figure 2-72. Initial Setting
of LCD Driver

Generally, display data are prepared as fixed data in program memory and stored in display data area

by load command.

Example 1: To display using 1/4 duty LCD a numerical value which corresponds to the LCD data stored
in data memory at address 80y (when pins COM and SEG are connected to LCD as in

Figure 2-73.), display data become as shown in Table 2-20.

LD A, (80H)

ADD A,TABLE-$-5
LD  HL,0F80H

LD (HL),(PC+A)
RET

TABLE: DB 11011111B, 00600110B,
11100011B, 10100111B,
001101108, 10110101B,
11110101B, 00010111B
111101118, 10110111B

SNEXT:

COomo

55 (2 COM1
com2
SEGD Va_coma

SEG1

Figure 2-73. Example of COM, SEG Pin

Connection (1/4 Duty)

Note: DB is a byte data difinition instruction.

107




TOSHIBA Under Development TMP86C829/H29/M29
Table 2-20. Example of Display Data (1/4 Duty)

No. display display data No. display display data
a-? =

4] : 11011111 5 ,Q 10110101
. -/
T

1 5 00000110 6 :m 11110101
| Ll
- -1

2 rlb 11100011 7 00006111
L /
- A

3 -, 10100111 8 :- 11110111
Ve h&
Wg.

4 ,n’ 00110110 9 ,. 10110111
-l

Example 2: Table 2-20. shows an example of display data which are displayed using 1/2 duty LCD in
the same way as Table 2-21. The connection between pins COM and SEG are the same as
shown in Figure 2-74.

SEG3 Q i ?l SEGO

B_Oﬂ_
SEG1

COMo

COM1

Figure 2-74. Example of COM, SEG Pin Connection

Table 2-21. Example of Display Data (1/2 Duty)

lNote: * . Don’t care l

display data display data
Number Number
High order address Low order address High order address Low order address
0 **Q1wx1] **Q1xa]] 5 **11%x10 **01xx01
1 Ax00%x10 *x0Q0xs 10 6 LLARECA ! #*x01#201
2 #*=10%%01 x(lexqq 7 **(1a%10 **00**11
3 *% 10210 *x()1xw]] 8 LEARELIR! *xQ1ex1
4 *x 1410 **x00»x10Q 9 xx]ix=x1(Q) LLIVRR L |
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Example of LCD drive output

(3)

anllq (seig g/L) Aang g/1 "9£-z 3.nbiy

aAlQ (seid €/1) Aanavn "§4-z ainby

{P213]35 - UON)

] I | | — -
1 1 2935 - LWWOD

_l.l_l_ _Il._| (por>e;a5)
1535 - 00D

1

|_||||_I_||._I_||N_>_8
|_|—|_||_|_|_|_|._|_| LNGD  ase3 ju0g 7« s3j0N

C10+ L1l | Hosd0
eaJe erep Aejdsip

] é

o -

093s
1935

a0 —

£021
€an A~

[=]

ED1p

£Q01p

mDu..)

£ A

£

€A p

£ N

(pawajas - UoN)

M M — _
e _ 1D3§ - ZWOD
i _ (pewa|as)
- A—A 093$ - NOD

B Uy Sy r.__I_L_I_

1 [ Lo
— 1 Ul e
— 1L L e [owsio] eeo

ssaippe

- |_|_|_l|_l._ll_|| OWOD  eaJeejep Aedsip
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TOSHIBA Under Development TMP86C829/H29/M29

Input/ Output Circuitry
(1} Control Pins
The input/ output circuitries of the TMP86C829/1129/M29 control pins are shown below.

Control Pin 170 Input/ Qutput Circuitry Remarks
Osc. enable _)——:D__‘ > fc
| Y Resonator connecting pins
XIN Input veb R¢ =R, vep (high-frequency)
XOUT Output = R¢ = 1.2 MG (typ.)
1 Ro = 1.5k (typ.)
XIN xXouT
NM1 NM2
Osc. enable XTEN fs Resonator connecting pins
{Low-frequency)
XTIN Input | Refer

vDD ] VDD R¢ = 6 MQ (typ.)

to port R

XTOUT Output P°2 po R f i Ro = 220 kQ ftyp)
XTIN XTOUT

I % %
RESET 0 Address-trap-reset @ D Pull-up resistor
Watchdog-timer %}————' Ry = 220 k{1 (typ.)
System-clock-reset

Sink open drain output
Hysteresisinput

Pull-down resistor
TEST Input Rin = 70kQ1 (typ.)

Rin

( Note: The TEST pin of the 86PM29 does not have a puli-down resistor. Fix the test pin at low-level.
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TOSHIBA Under Development TMP86C829/H29/M29
(2) Input/OutputPorts
Port o Input/ Qutput Circuitry Remarks
initial “Hi-Z"
P1LCR Sink drai
Ink opendrain output
3EG output E _l D Hysteresis input
P1 o
Data output
To output latch
Pininput @
initial "Mi-Z*
P5/P7 LCR . .
SEG output & Sink open drain output
PS5
p7 Vo (]
Data output
To output latch
Pininput <}
initial “Hi-Z" VDD
Sink open drain output
I D Hysteresis input
P2 VO I l> o I
initial :cl:Control o vbb sink open drain or
=] g resihtos
P2 Vo To output latch -<]—I i
. High current output (Nch)
Hi-Z control .
(Programable port option)
initial “Hi-Z" \
' - vbo Tri-state /O
5 tP'n 'r"cPU: Hysteresis input
ata outpu
3 o D
Disable 4
Pininput @
Note: Port P1, P5 and P7 are sink open drain output. But they are also used as a segment output of LCD. Therefore, absolute
maximum ratings of port input voltage should be used in - 0.3 ta Vigp +0.3 volts
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Under Development TMP86C829/H29/M29
4, Electrical Characteristics
Absolute Maximum Ratings | (Vss=0V)
Parameter Symbol Pins Rating Unit
Supply Voltage Vob -0.3tn65
Input Voltage Vin -0.3toVpp+0.3 v
Output Voltage Vout P21, P22, /RESET, Tri-state Port ~03toVpp+03
laum P3, P6 Port -18
Output Current (Per 1 pin) louT2 P1, P2, P5, P6, P7 Port 3.2
loutz P3 Port 36 mA,
1 . P6,
Output Current (Total) 2lours P1, P2, PS. P6, P7 Port 6o
Zlour2 P3 Port 80

Power Dissipation [T, =85TC] PD 350 mw
Soldering Temperature (time} Tsid 260(10 s}
Storage Temperature Tstg -55t0 125 °C
Operating Temperature Topr ~40t085
Note: The absolute maximum ratings are rated values which must not be exceeded during operation, even for an instant.

Any one of the ratings must not be exceeded. If any absolute maximum rating is exceeded, a device may break down

or its performance may be degraded, causing it to catch fire or explode resulting in injury to the user. Thus, when

designing products which include this device, ensure that no absolute maximum rating value will ever be exceeded,
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TOSHIBA Under Development TMP86C829/H29/M29
Recommended Operating Condition| {Vss=0V, Topr= ~40to 85°C)
Parameter Symbol Pins Condition Min Max Unit
NORMALI1, 2 mode
fe= 1B MHz o1, 2mode 43
NORMALI1, 2 mode
fe=8MHz I151€0, 1, 2 mode 27
Supply Voltage Vb NORMALI, 2 mode 8.5 Vv
fc=4.2MHz 01 €0 1, 2 mode
SLOW1, 2 mode 1.8
32.768kHx |5\ EEPO, 1, 2 mode
STOP mode
Vih1 | Except Hysteresis input Vop x 0.70
. . Vpp = 45V
Input high Level ViHz | Hysteresis input Vpp X 0.75 Voo v
Vins Vop <45V Vpp x 0.90
Vs | Except H-ys.teresisinput Vop Z 45V Vpp x 0.30
Inputlow Level Vit2 | Hysteresis input 0 Vpp % 0.25 v
Vi Vpp <45V Vop x 0.10
Vpp = 1.8t0 5.5V 4.2
Clock Frequency fc XIN, XOUT Vpp = 2.7t055V 1.0 8.0 MHz
Vpp = 4.5t055V 16.0
fs XTIN, XTOUT 30.0 340 kHz

Note: 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 15 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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TOSHIBA Under Development TMP86C829/H29/M29
D.C. Characteristics | (Vss =0V, Topr = — 40 to 85°C)
Parameter Symbol Pins Condition Min Typ. | Max [ Unit
Hysteresis Voltage Vus | Hysteresisinput - 09 - Vv
lina TEST
Input Current Nz | Sink Open Drain, Tri-state | Vpp=5.5V,ViN=5.5V/0V - - *2 1A
wa | RESET,STOP
R|N1 TEST Pull-Down - 70 -
Input Resistance kil
Rz | RESET Pull-Up 100 220 450
o] Leak
utput Leakage llo | Sink Open Drain, Tristate |Vpp=5.5V,Vour=55vV/0V | - - 12 | A
Current
Voun1 | Push-pull Port Vpp=4.5V,loy= - 200 24 - -
Output High Voltage oo o #A v
VoHz | Tri-st Port Vpp=4.5V, loy= -0.7mA 4.1 - -
Qutput Low Voltage Vou | Except XOUT and P3 Port Vpp=4.5V, lgL=1.6mA - - 0.4 \
Output Low Current lo. |HighCurrentPort (P3Port) |Vpp=4.5V, Vg =1.0V - 20 - mA
Supply Current in Vpp=5.5V _ 75 9
NORMAL 1, 2 mode Vin=5.3/0.2V
s mA
Supplfy Currentin fc= 16 MHz ss 65
IDLE 0, 1, 2 mode fs=32.768 kHz - - -
Supply Current in
SLOW 1mode oo I e
- Vpp=3.0V
:t’gg”f“”jm n Vin=2.8V/0.2V - 16 25
Toce fs = 32.768 kHz uA
Supply Current in LCD driver is not enable. _ 12 20
SLEEP 0 mode
Supply Currentin Vpp=5.5V 0.5 10
STOP mode Vin=5.3V/02V - '

Note 1: Typical values show those at Topr=25°C, Vpp =5V
Note 2. Input current (Iiy1, Iiy2); The current through puli-up or puli-down resistor is not included.
Note 3. Ipp does not indlude Iggr current.
Note 4: The supply currents of SLOW 2 and SLEEP 2 modes are equivalent to IDLEO, 1, 2,
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A/D Conversion Characteristics
(Vs =0.0V,Vpp=4.5t05.5V, Topr= - 40 to 85°C)
Parameter Symbol Condition Min Typ. Max Unit
Analog Reference Voltage VAREF Vop-1.5 - Vop v
v
Power Supply Volhtag.e of Avpp oD v
Analog Control Circuit
Analog Reference Voltage Range AVager 25 - - Vv
Analog Input Voltage Vain Veg - Varer v
Power Supply Current of Ingr Vop=Aypp=Varer=5.5V _ 0.6 1.0 mA
Analag Pafsrancs Usltage Vi —-0.0w
Non linearity Error - - +4
Zero Point Error Vpp=4.5t05.5V,Vgs=0.0v| - - LI
Full Scale Error Aypp = Vaper=5.0V - - +4
Total Error - - +g
(Vss=0.0V,Vpp=2.7t0 4.5V, Topr = - 40 to 85°C)
Parameter Symbol Condition Min Typ. Max Unit
Analog Reference Voltage VAREF Vpp-1.5 - Vop v
Power Supply Voltage of Vv
upply Voltage Avpo e v
Analog Control Circuit
Analog Reference Voltage Range AV arer 25 - - \Y
‘Analog Input Voltage Van Vss - VaRer v
Power Supply Current of I Voo =Aunn=Varer=4.5V - 0.5 0.8 mA
Analog Reference Voltage REF Ves=0.0V: ) -
Non linearity Error - - *a
Zero Point Error Vpp=271045V,Vg=0.0V| - - t4 | o
Full Scale Error AVDD = VAREF =27V - -
Total Error - - +8
(Vss=0.0V, Vpp=1.810 2.7V, Topr= - 40 to 85°C)
Parameter Symbol Condition Min Typ. Max | Unit
Analog Reference Voltage VArer Vpp-0.9 - Vpp v
Power Supply Voitage of A Voo v
Analog Control Circuit VoD
Analog Reference Voltage Range AV ppes 1.8 - - v
Analog Input Voltage Vain Vss - Varer v
Power Supply Current of Vopp=Ayop=Varer=2.7V - 3
Analog Reference Voltage 'rer Vss=00V 0 0.5 mA
Non linearity Error - - +4
Zero Point Error Vpp=1.8t027V,Vge=00V| - - * L8
Full Scale Error Aypp=Varer=1.8V - _ 4
Total Error - - +8

conversion value.

Note 1: Total errors includes all errors, except quantization error,

Note 2: Conversion time is different in recommended value by power supply voltage.
About conversion time, please refer to "2.10.2 Register Framing”.

Note 3: Please use input voltage ta AIN input Pin in lirmit of Varer - Vs,
When voltage of range outside is input, conversion value becomes unsettled and gives affect to other channel
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A.C. Characteristics

(Vss =0V, Vpp=4.5t0 5.5V, Topr = - 40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
NORMAL 1, 2 mode
Machine Crele Ti . IDLE 0, 1, 2 mode 025 ' 4 s
acnine cie lime C
4 Y Tstow 1, 2mode
117.6 - 133.3
SLEEPGC, 1, 2 mode
High Level Clock Pulse Width tweH For external clack operation (XIN input) _ 31.25 _ ns
Low Level Clock Pulse Width twel fc=16 MHz ’
High Level Clock Pulse Width twcH For external clock operation (XTIN input)
- fe = 32.768 kHz - 15.26 - s
Low Level Clock Pulse Width twel
(Vss=0V,Vpp=2.7104.5V, Topr= - 40 to 85°C)
Parameter Symbol Condition Min Typ. Max Unit
NORMAL 1, 2 made '
Machine Cycle Tim t IDLEO, 1, 2 mode o2 _ !
ime
Y R SLOW 1, 2 mode 176 139.3 o
SLEEP O, 1, 2 mode ’ )
High Level Clock Pulse Width tweH For external clock operation (XIN Input) 62.5 ns
Low Level Clock Pulse Width twel | fo=8MHz - ' -
High Level Clock Pulse Width twcH For external clock operation (XTIN input) 15.26 o
Low Level Ciock Pulse Width twel | fe=32.768kHz - : -
(Vss =0V, Vpp=1.8t0 2.7V, Topr = - 40 to 85°C)
Parameter Symbol Condition Min Typ. Max Unit
NORMAL 1, 2 mode
095 - 4
. . IDLE G, 1, 2 mode
Machine Cycle Time tey - s
SLOW 1, 2 mode 1196 333
SLEEPO, 1,2 mode | - 133.
High Level Clock Pulse Width twcH For external clock operation (XIN input) 119.05 ns
Low Level Clock Pulse Width twel fc=4.2MHz - : -
High Level Clock Pulse Width twcH For external clock cperation (XTIN input}
Low Level Clock Pulse Width twel | fe=32.768kHz - 15.26 - "
bmer Counter 1 input (ECIN) Characteristics | (Vs5=0V, Topr= — 40 to 85°C)
Parameter Symbol Condition Min Typ. Max | Unit
Frequency measurement mode | Single edge count - - %
Vpp=45t05.5V Both edge count - -
: , Frequency measurement mode | Single edge count - -
TCt input {(ECIN input) t 3 MH
P 'YV |vpp=27104.0V Both edge count - - :
Frequency measurement mode | Single edge count - - a2
Vop=18t027V Both edge count - - )
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