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TOSHIBA Under Development TMP86CM25/525

CMOS 8-Bit Microcontroller
. TMP86CM25F, TMP86CS25F

The TMP86CM25/525 are the high-speed, high-performance and low power consumption 8-bit microcomputer,
including ROM, RAM, Dot matrix LCD driver, multi-function timer / counter, serial interface (UART/SIO), a
8-bit AD converter and two clock generators on chip.

Product No. ROM RAM Package OTP MCU
TMP86CM25F 32K x 8bits )
...................................................... ....... 2 K X 8 b'ts P_QFP1 00_1420_0_65A TMPSGPSZSF
TMP86CS25F 60 K x 8 bits
Features P-QFP100-1420-0.65A

# 8-bit single chip microcomputer TLCS-870/C series

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

& 132 types and 731 basic instructions

*

20 interrupt sources (External: 5, Internal: 15)

¢ Input/Output ports (42 pins)
(Out of which 20 pins are also used as SEG pins.)

4 18-bit timer counter: 1ch
® Timer, Event counter, Pulse width measurement, TMP86CM25F
TMP86CS25F
Frequencymeasurement modes

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

¢ Time Base Timer
¢ Divider output function

& Watchdog Timer
® Interrupt source/reset output (programmable)
: 000707E8BP1

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

@ TOSHIBA is continually working to improve the quality and 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 complty with the standards of safety in
making a safe design for the entire system, and to avoid situations in which a malfunction or failure of such TOSHIBA
products 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 TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set
forth in the “Handling Guide for Semiconductor Devices,” or "TOSHIBA Semiconductor Reri)ability Handbook” etc..

@ The TOSHIBA products listed in this document are intended for usage in general electronics applications {computer,
personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These
TOSHIBA products are neither intended nor warranted for usage in equipment that requires extraordinarily high

uality and/or reliability or a malfunction or failure of which may cause loss of human life or bodily injury
("Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or spaceship instruments,
transportation instruments, traffic signal instruments, combustion control instruments, medical instruments, all types of
safety'ievices, etc.. Unintended Usage of TOSHIBA products listed in this document shall be made at the customer's
own risk.

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

@ The information contained herein is gresented only as a guide for the applications of our products. No responsibility
is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other rights of the third
parties which may result from its use. No license is granted by implication or 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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& Serial interface: 2ch
e 8-bit UART/SIO: 1ch
® 8-bit SIO: 1ch NG

& 8-bit successive approximation type AD converter
® Analoginput: 8ch

¢ Four Key On Wake Up pins

¢ LCDdriver/ controller
® Built-in voltage booster for LCD driver
With displaymemory
LCD direct drive capability (60 seg X 16 com, 60 seg X 8 com, 60 seg X 4 com)
1/16, 1/8, 1/4 duties drive are programmably selectable

4 Dual clock operation
e Single/Dual-clock mode

¢ Nine power saving operating modes

o STOP mode: Oscillation stops. Battery/Capacitor back-up. Port output hold/High-impedance.

e SLOW 1, 2mode: Low power consumption operation using low-frequency clock (32.768 kHz)

e IDLEO mode: CPU stops, and peripherals stop except Time-Base-Timer.
Release by falling edge of TBTCR < TBTCK > setting.

e IDLE 1 mode: CPU stops, and peripherals operate using high-frequency clock. Release by
interruputs.

e IDLE 2 mode: CPU stops, and peripherals operate using high and low frequency clock. Release
by interruputs.

e SLEEPOmode: CPU stops, and peripherals stop except Time-Base-Timer.
Release by falling edge of TBTCR < TBTCK > setting.

e SLEEP 1mode: CPU stops, and peripherals operate using low-frequency clock. Release by

. interrupts.

e SLEEP2mode: CPU stops, and peripherals operate using high and low frequency clock. Release

by interrupts.

4 Wide operating voltage: 1.8 t0 5.5V at 4.2 MHz/32.768 kHz,
2.7t05.5Vat 8 MHz/32.768 kHz,
4,5t05.5Vat16 MHz/32.768 kHz
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Pin Assignments (Top View)

P-QFP100-1420-0.65A

80T —> Ccomi -
79T 1—> COMO .-
783> SEGO
77 I3 SEGH1
761> SEG2
75— SEG3
7 413> SEG4
73> SEGS
723> SEG6
71— SEG7
70— SEGS
6 9T 1—> SEG9
6811 _1—> SEG10
6 7HI—1—> SEG11
66X 1—> SEG12
65 I_1—> SEG13
64T > SEG14
63[IT_1—> SEGI15
62T 1> SEG16
611> SEG17
60T 1> SEG18
SO 1—> SEG19
s8I 1> SEG20
57> SEG21
56— SEG22
SS[II3—> SEG23
S4IT 1> SEG24
531> SEG25
52— SEG26
5 1[I SEG27

/ N
COM2 -«——L1IT] g1 50 [II3—» $EG28
COM3 -e—{TT] 82 49 T3> SEG29
COM4 ~—{__II] 83 . 48 T3 $£G30
(MUL4/ COMS) P34 ~»[IT] 84 A7 O 3—» SEG31
(MULS / COM®6) P35 ~»[—TT] 85 46 I J—» sEG32
(MUL6 /COM7) P36 ~>[_TT] 86 45 T J—» $EG33
(COMS) P70 ~e»{—TT] 87 44 DT 3—» $EG34
(MULO /COM9) P71 ~»[—TT] 88 43 IT 73— $EG35
(MUL1/COM10) P72 -«»{_TT] 89 42 OT 31— sEG36
(MUL2/COM11) P73 -€»—TT] 90 4 T 5£G37
(MUL3/COM12) P74 -e>»{"TT] 91 40 DT 3—» sEG3s
(S11/COM13) P75 <e»[—TT] 92 39 OT3—» 5£G39
(SO1/COM14) P76 <e»[—TT] 93 38 [TTJ» P50 (SEGA0)
(SCKT/COM15) P77 ~»{__TT] 94 37 DT 3> ps51(SEG41)
v4—»{TT] 95 36 DT 1< P52 (SEGA2)
v3—»["TT] 96 35 X -e» psa (SEGA3)
v2—»[IT] 97 34 TTJw» psq (SEGA4)
V1 —3[TT] 98 O : 33 IT 0« pss5 (SEGAS)
il — 99 ;2 [TT 1> Pps6 (SEG46)
CO—CII00 | et wmonmwao mmv\mm::n-Nrvaqmu:»r\cx)c;“o1:1:‘:'"> P57 (SEG47)
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Note: Ports assigned as MUL6 to MULO can switch pin assignment by the multifunction register (MULSEL). For
functions assigned to each pin, see the table below.
Pin name Function Pin assignment
MuULo |DVO P30 or P71
MuL1 PWM3, PDO3, TC3 P31orP72
MuL2 PPG4, PWM4, PDO4, TC4 P32orP73
MUL3 PPG6, PWM6, PDO6, TC6 P33 or P74
MuL4 INT1 P12 orP34
MULS INT2 P13 or P35
MuUL6 INT3 P14 or P36
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Block Diagram

[

1/O Port (Segment Output)
Common outputs Segment outputs PS”ESGM) P17(§§ng)
COM4 to COMO SEG391t0 SEGO P50 (SEG40) P10 (SEG52)
A Py AN AN
Power VDD ——f——= N
Supply vss —f—> > ~
. - \“/ \.‘/
I LCD driver cicuit P5 Pt
* AN
go > | - Address/Data B
1 ress/Data Bus
LCD Power Vi »| LCD Volitage :U: @ @
Supply gg »| booster circuit
\Z > TLCS-870/C Data Memory Program
CPU RAM Memory ROM
Reset I/0 RESEF > . L
Test Pin {TEST »|  System Control Circuit i
~~»!  Standby Control Circuit
e {Key-On Wake-Up) ‘—‘[ I:'sterrupt Controller I
T | { t
Timing Generator 1 T
Resonator [y - High Tun'e Base 18-bit 8-bit
gmnectmg XOUT-p1—>| frequency Clock Timer Timer/Counte Timer/Counter S0 UART/SIO
L
™1 trequency | Cemerater Watchdog TC1 reafrcalresiree] | sio | [sio [uasrr
Timer an A I A T 1A 1A
J
AL~ vy vy LA
Y Address/Data Bus
03 ] % LD
p2 8-bit m P7
N /"\
AD A
-~ Converter
J
N ~N - U
P22toP20 VAREF P67 l((/;th7) P36 (EOOM7) P33 (E§G5'|) P77 ((:;OM1 5)
¢]
P60 (AINO) P34 (COMS) P30 (SEGA4S) P70 (COMS)
- v
Y
VO Ports Analog /O Ports I/O Ports (Segment and common output)
reference
Pin
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Pin Function

Pin Name input/ Output Function
Pi7GEG24,5CK) | Vo) . Serial dock input/output
UART data output

P16 (SEG25, TxD, S0) | /0 (Output) g it it/ output port with latch. | Serial data output
......................................................... When Used a5 input port, an external | oy s s
P15 (SEG26, RxD, SI) 110 (110) interruput input, serial clock input / geArgTI‘g::: :253:
.......................................................... output' serial data input / output and R AU I LI LCD Segment
PlaseGzz, MuLe) | o) .. UARdeata input / output, the latch | External interrupt 3input outputs.
P13 (SEG28, MULS /O (1/0) | mustbesetto”1”.
....... () () When Used as a LCD Segment Output,
P12(SEG29, MULA) | | o) . the P1LCR must be setto “1".
PITGEG30) . VO (Output)
P10 (SEG31) 1/O (Output)
P22 (XTOUT) I/0 (Output) Resonator connecting pins (32.768 kHz)
.......................................................... 3-blt input / Output port Wlth Iatch. FOI" mputtlng eXtel’nal CIOCk, XT'N iS Used and
P21 (XTIN) WO (input) | When used as an input port, the latch | XOUTisopened.
.......................................................... must be set to “1" o e e
P20 (INT5, STOP) I/0 (Input) signal input
P36 (COM7, MULS) 110 (1/0) 7-bit VO port with latch External interrupt 3 input
.......................................................... _bi port with latch.
P35(COm6,MULS) | | /0 (V0)  l\When used as input port, an external | Externalinterrupt2input
P34 (COMS5, MUL4) 110 (1/0) interruput inlp;t, serial cllock input é External interrupt 1 input
.......................................................... output, serial data INput / output and |z et s,
P33(SEGST, MUL3) [ ! /0 (/O) | UART data input / output, the latch |.TiMer/counter6input/output | LCD segment
P32 (SEG50, MUL2) I/O (1/O) must be setto “1". Timer / counter 4 input / output outputs.
.......................................................... When used as a LCD segment output, |2 s S
P31(sEGag, MULY) 1] 0 (/0) | the P3LCR must be set to “1°. Timer/counter 3 input/output
P30 (SEG48, MULO) /O (Output) Divider output

8-bit input / output port with latch.
P37 (SEG1§?58°(SE G23) /O (Output) | When used as a LCD segment output, | LCD segment outputs

the PSLCR must be setto "1".
P67 (AIN7,STOPS) | . WOlmpw) STOPSINRUL e
P66 (AIN6, STOP4) /O (Input) |8-bit programmable input / output | STOP4input
.......................................................... ports (tri-state). Each bit of these |zrmyy s
PES(AINS,STOP3) | 1O (input) _[POrts (ate), B b o s [STOP3input .
P64 (AINS, STOP2) .. VO (input) |as an input or an output under |STOPZinput AD converter
P63 (AIN3, INTO) I/0 (Input) software control. When used as a key | gxternal interrupt 0 input analog inputs
PGZ(AINZECNT) ............ I/O(Inpt) on Wake Up mput, an external ...................................................
................ crm i JLRTENRYY L Linterrupt input and timer / counter | o ;
P61 (AINT, ECIN) ... VO (Input) _|input, the PECR must beset to *17. rimerfcounter 1 et
P60 (AINO) /0 (Input)
P70(COM8) ...l WOLOUIRUY | e
P71(COM3, MULO) 1. wowo ] Divider outout | ...omresnssserensssssesssnsseeee
P72(comio,muLy) | | Vo (o) | g.bit 1o port. .Tf.’.‘.‘.‘r‘[."..‘.‘.’.‘.‘I‘.t.ﬁ.'.?’..f.’.‘!?.‘.’."..’..‘?H.".F.’.‘.’.t. .............................
P73(COM11, MUL2) | | /O (VO)  [When used common output, P7 port | Timer/counter4input/output "
P74 (COM12, MUL3) I/0 (1/0) :°qt'°| register (P7LCR) should be set | Timer / counter 6 input/ output
.......................................................... ol. .
P75(COMI3, SN . |...... wowo .\ Serialdatainput e
P76(COM14,501) 1. VO (Output) Serialdataoutput e
P77 (COM15, SCK1) 110 (110} Serial clock input/ output
SEG29toSEGO Output  [FCDSEIMENTOUIBULS oo
COM4 to COMO LCD common outputs
Vatovi LCD voltage | LCD voltage booster pin. Capacitors are required between C0 and C1 pin and V1/V2/V3/
C1to CO booster pin | V4 pin and GND.

Resonator connecting pins for high-frequency clock. For inputting external clock, XIN is
XIN, XOUT Input Output used and XOUT is opened.
RESET Input Reset signal input
TEST Input Test pin for out-going test. Be fixed to low.
VDD, VSS +5V,0(GND)
................................... POWEE SUPPIY -+ e et b
VAREF Analog reference voltage input.
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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 Maps
The TMP86CM25/525 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
TMP86CM25/525 memory address maps. The general-purpose registers are not assigned to the RAM
address space.
0000y 0000y Note:
R oosr, |40V 003F, | rovtes ROM ; Read Only Memory includes:
00404 0040y Program memory
: : Vector table
RAM ; Random Access Memory includes:
RAM 2048 b Data memory
2048 bytes ytes Stack
General-purpose register banks
SFR; Special Function Register includes:
083Fy 083Fy 1/O ports
o ] o i Peripheral control registers
i i ' i Peripheral status registers
: | i i System control registers
I ) P | Interrupt control registers
OFQO0y OFQOy Program Status Word
PR OFFF 256 bytes OFFF 256 bytes DBR, Data Buffer Register includes:
1000':‘ oH i Peripheral control registers
: P i Peripheral Status registers
I | LCD display memory
80Q0y
61376 bytes
32704 bytes
FFCOH FFGOH ] Vector table for vector call instructions
: 32 bytes : 32 bytes
FFDFH yt FFDOFH yt (16Vect0rs)
FFEOH FFEOH Vector table for interrupts s/reset
| FreFy 32 bytes FFFF, 32 bytes ] (16 vectors)
TMP86CS25 TMP86CM25
Figure 1-1. Memory Address Maps
1.2 Program Memory (ROM)

The TMP86CM25 has a 32 K X 8-bit (address 8000y to FFFFy), and the TMP86CS25 has a 60 K X 8-bit
(address 1000y 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 2.5.5 Address trap).

86CM25-6
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1.3

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 TMP86CM25/S25 have 2 Kbytes of internal RAM. The first
192 bytes (0040H to 00FFH) of the internal RAM are located in the direct area; instructions with
shorten operations are available against such an area.

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

Example: TMP86CM25/S25 RAM CLR

LD HL, 0040H ; Start address setup

LD AH ; initial value (00y) setup

LD BC, 07FFH ; byte (—1) setup
SRAMCLR: LD (HL), A

INC HL

DEC BC

JRS  F,SRAMCLR
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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
TBTCR

........... Clock . 0036
generator
: fe

-

High-frequency Timing Stand-by controller
clock oscillator

generator —

ERER

;___V__J

System clocks

Low-frequency 0038y 0039y

clock oscillator | svscri | | syscrz |

Clock generator control System control registers

1.4.1

Figure 1-2. System Clock Control

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-power operation based on the low-frequency clock.

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

o —————————————————

(a) Crystal/Ceramic (b) External oscillator

i bt Low-frequency clock -----------=--~

XOouT XIN XOouT

i

(open) i

D q | i
%

XTIN XTOUT XTIN XTOUT

(open)

777

resonator

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 pulse 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 source clocks for timer / counters

® Generation of warm-up clocks for releasing STOP mode

@ Generation of base clocks for LCD driver/ controller

(1) Configuration of timing generator

The timing generator consists of a 2-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”.

main system clock generator fcorfs machine cycle counters
A
SYSCK >
DV7CK >
Divider
igh- fc/4
High freg‘:zch{ > 1]2 112]3]a 8|9 [10{11}12|13]14]15]|16|17]18]19|20] 21
Low-frequency « s | Multiplexer
clock fs ~ 180
»151
A0 YO P
»Ia1 v1 (= | Warming-up
controller
- >
R > | Watchdog
< > | timer
Timer/ | % >
counters | - N ——
> | Time Base
- > | Timer
B =
~ Serial | = : > ) Divider
interface | < -F } > | output circuit
7/
N
Figure 1-4. Configuration of Timing Generator
TBTCR 6 5 4 3 2 1 0
(0036) [ovoem | mvocky | ovrek | rsren) | (TBTCK) | (nitial value: 0x+0 Oxxx)
Selection of input to the 7th | 0: f¢/28 [Hz]
bV7CK stage of the divider 1: fs RW

Note 1. In Single Clock mode, do not set DV7CK to “1”.

Note 2: Do notset “1” on DV7CK while the low-frequency clock is not operated stably.

Note 3: fc, High-frequency clock [Hz], fs ; Low-frequency clock [Hz], * ; Don‘t care

Note 4: During warming-up after STOP mode is released or in IDLEO mode, output of the 6th stage of the
divider is input to the 7th stage of the divider regardless of DV7CK.

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 éxecution 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 of 4 states (S0 to $3), and each state consists of one main system clock.

1/fc or 1/fs [s}]
: d

Main system clock '
a.nsy(;;)mcoc-il | [ [ I

State S0 S1 2 $3 so | st | s2 | s3 |

] [}
{«——  Machine cycle —————>1

Figure 1-6. Machine Cycle

1.4.3 Operation mode control circuit

(m

The operation mode control circuit starts and stops the oscillation circuits for the high-frequency and
low-frequency clocks, and switches the main system clock. There are two operating modes: single-clock
and dual-clock. These modes are controlled by the system control registers (SYSCR1 and SYSCR2).
Figure 1-7 shows the operating mode transition diagram and Figure 1-8 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 [s].

(O NORMAL1 mode

In this mode, both the CPU core and on-chip peripherals operate using the high-frequency clock.
The TMP86CM25/525 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 SYSCR2<IDLE >, and IDLE1 mode is released to NORMAL1 mode by an
interrupt request from the on-chip peripherals or external interrupt inputs. When the IMF (interrupt
master enable flag) is “1” (interrupt enable), the execution will resume with the acceptance of the
interrupt, and the operation will return to normal after the interrupt service is completed. When the
IMF is “0” (interrupt disable), the execution will resume with the instruction which follows the IDLE1
mode start instruction.

86CM25-10 2001-04-02
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® IDLEO mode

(2)

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 (SYSCR2).

When IDLEO mode starts, the CPU stops and the timing generator stops feeding the clock to the
peripheral circuits other than TBT. Then, upon detecting the falling edge of the source clock selected
with TBTCR<TBTCK >, the timing generator starts feeding the clock to all peripheral circuits.

When returned from IDLEQ mode, the CPU restarts operating, entering NORMAL1 mode back again.
IDLEO mode is entered and returned regardless of how TBTCR<TBTEN> is set. When IMF= “1”,
EFg (TBT interrupt individual enable flag) = “1”, and TBRTCR<TBTEN > = “1”, interrupt processing is
performed. When IDLEO mode is entered while TBTCR <TBTEN > =“1”, the INTTBT interrupt latch
is set after returning to NORMAL1 mode.

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 NORMALZ2 and IDLE2 modes, and
4/fs[s] (122 us 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.

(O 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.

@ SLOW2 mode

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.
As the SYSCK on SYSCR2 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.

® SLOW1 mode

This mode can be used to reduce power-consumption by turning off oscillation of the high-frequency
clock. The CPU core and on-chip peripherals operate using the low-frequency clock. ~
Switching back and forth between SLOW1 and SLOW2 modes are performed by XEN bit on the system
control register 2 (SYSCR2). In SLOW1 and SLEEP 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 IDLE2 mode are the same as for IDLE1 mode, except that
operation returns to NORMALZ2 mode.
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®

®

@

(3)

SLEEP1 mode

In this mode, the internal oscillation circuit of the low-frequency clock remains active. The CPU, the
watchdog timer, and the internal oscillation circuit of the high-frequency clock are halted ; however, on-
chip peripherals remain active (operate using the low-frequency clock). Starting and releasing of
SLEEP mode are the same as for IDLE1 mode, except that operation returns to SLOW mode. In SLOW
and SLEEP mode, the input clock to the 1st stage of the divider is 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.

SLEEPO 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 (SYSCR2).

When SLEEPO mode starts, the CPU stops and the timing generator stops feeding the clock to the
peripheral circuits other than TBT. Then, upon detecting the falling edge of the source clock selected
with TBTCR <TBTCK >, the timing generator starts feeding the clock to all peripheral circuits.

When returned from SLEEPO mode, the CPU restarts operating, entering SLOW1 mode back again.
SLEEPO mode is entered and returned regardless of how TBTCR<TBTEN > is set. When IMF= “1”,
EFg (TBT interrupt individual enable flag) = “1”, and TBTCR<TBTEN > = “1”, interrupt processing is
performed. When SLEEPO mode is entered while TBRBTCR<TBTEN> =“1", the INTTBT interrupt
latch is set after returning to SLOW1 mode.

STOP mode

In this mode, the internal oscillation circuit is turned off, causing all system operations to be halted.
The internal status immediately prior to the halt is held with a lowest power consumption during STOP
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 instruction.
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IDLEOQ
mode Resetrelease | RESET
SYSCR2<TGHALT> = "1" Note 2
\
_ SYSCR2<IDLE>="1" SYSCR1<STOP>="1"
IDLE1 (‘ NORMAL1 'J
mode mode -«
Interrupt [ STOP pininput
(a) Single clock mode SYSCR2<XTEN> = “0" SYSCR2<XTEN> ="1"
Y
SYSCR2<IDLE> = "1" SYSCR1<STOP>="1"
IDLE2 [‘ NORMAL2 ]
mode > mode -
Interrupt STOP pininput
SYSCR2<SYSCK> = 0" SYSCR2<SYSCK> = “1" STOP
SYSCR2<IDLE> ="1"
SLEEP2 (‘ SLOW2
mode > mode
Interrupt
A
SYSCR2<XEN> ="1" SYSCR2<XEN> ="0"
SYSCR2<IDLE> ="1" SYSCR1<STOP>="“1"
SLEEP1 [ SLOW1 J
mode > mode
Interrupt STOP pininput
(b) dual clock mode pininput
Note 2 SYSCR2<TGHALT> = “1
SLEEPO
mode

Note 1: NORMAL1 and NORMALZ2 modes are generically called NORMAL ; SLOW1 and SLOWZ2 are called SLOW ;
IDLEO, IDLE1 and IDLE2 are called IDLE; SLEEPO, SLEEP1 and SLEEP2 are called SLEEP.
Note 2: The mode is released by falling edge of TBTCR< TBTCK > setting.

. Oscillator Other Machine
Operating Mode - CPU core TBT ] .
High-freq. | Low-freq. Peripherals Cycle Time
RESET Reset Reset Reset
) NORMAL1 Oscilla- Operate 4ffc [s]
Single I LT tion Sto Operate Operate
Clock IDLEQ ° Halt i
a Halt —_
STOP Stop Halt
NORMAL2 Operate with
High Freq. 4/fc[s]
IDLE2 Oscilla- Halt
SLOW2 tion Operate with
bual Oscilla- Low Freq. Operate Operate
Clock | SLEEP2 tion Halt
SLOW1 Operate with a/fs [s]
Stop - Low Freq.
SLEEP1
SLEEPO Halt Halt
STOP Stop Halt a
Figure 1-7. Operating Mode Transition Diagram
86CM25-13
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System Control Register 1 _
osery L6 5 4 3 2 1. 0.
(0038, [ sTop [ ReLm | RETM [OUTEN| — wur | © ¢ (initial value: 0000 00+x)
0: CPU core and peripherals remain active
sTop STOP mode start 1: CPU core and peripherals are halted (start STOP mode)
0: Edge-sensitive release
RELM Release method for STOP mode 1+ Level-sensitive release
RETM Operating mode after STOP |0: Returnto NORMAL1/2 mode
mode 1: Return to SLOW1 mode
- R/W
. 0: High impedance
OUTEN | Port output during STOP mode 1: Output Kept
Return to NORMAL mode Return to SLOW mode
16, 13
Warming-up time atreleasing 00 3x21s/fc 3x213/fs
wuT STOP mode 01 2"%Mc 2V
10 3x2"/fc 3x 2%fs
11 2"/fc 2%/s

SYSCR2
(0039y)

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

Note 2:
Note 3:
Note 4:
Note 5:
Note 6:

Note 7:

when transiting from SLOW mode to STOP mode.

When STOP mode is released with RESET pin input, a return is made to NORMALT1 regardless of

the RETM contents.

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

Bits 1 and 0 in SYSCRT1 are read as undefined data when a read instruction is executed.

As the hardware becomes STOP mode under OUTEN = “0”, input value is fixed to "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. Itis
recommended to set the level release (RELM = “1").

Port P20 is used as STOP pin. Therefore, when stop mode is started, OUTEN does not affect to P20, and P20
becomes High-z mode.

System Control Register 2

7 6 5 4 3 2 1 0
[ XEN | XTEN |sYyscK | IDLE | TGHALT i (Initial value: 1000 #0++)
_— . 0: Turn off oscillation
XEN High-frequency oscillator control 1+ Turn on oscillation
. 0: Turn off oscillation
XTEN Low-frequency oscillator control 1+ Turn on oscillation
SYSCK Main system clock select (write) / [ 0: High-frequency clock
main system clock monitor (read) | 1: Low-frequency clock
RW
: 0: CPU and watchdog timer remain active
IDLE ﬁ;ﬁi; 1"}3 ‘g’fég;?fzg;?d‘:r) control 1: CPU and watchdog timer are stopped
! (start IDLE1/2, SLEEP1/2 mode)
. TG control (1): geedipg gl‘ock tlo all(l peripherhals f;'om TG BT ¢ o
TGHALT : Stop feeding clock to peripherals except rom .
(IDLEO, SLEEPO mode) (Start IDLEO, SLEEPO mode)

Note 1: XEN and SYSCK are automatically overwritten in accordance with the contents of RETM (bit 5 in SYSCR1)

when STOP mode is released. But XTEN is not change.

RETM operating mode after STOP mode XEN SYSCK
0 NORMAL1/2 mode 1 0
1 SLOW1 mode 0 1

Note 2: A resetis applied if both XEN and XTEN are cleared to "0”, XEN is cleared to "0” when SYSCK = "0, or
XTEN is cleared to "0” when SYSCK = "“1”,

Note 3: *; Don’t care, TG, Timing generator

Note 4: Bits 3, 1and 0in SYSCR2 are always read as undefined value.

Note 5: Do not set IDLE and TGHALT to “1”simultaneously.

Note 6:

Note 7:
Note 8:

Because returning from IDLEO/SLEEPO to NORMAL1/SLOW1 is executed by the asynchronous internal
clock, the period of IDLEO/SLEEPO mode might be shorter than the period setting by TBTCR< TBTCK >.
When IDLE1/2 or SLEEP1/2 mode is released, IDLE is automatically cleared to "0”.

When IDLEO or SLEEPO mode is released, TGHALT is automatically cleared to “0”.

Figure 1-8. System Control Registers
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1.4.4 Operating mode control

(m

STOP mode

STOP mode is controlled by the system control register 1, the STOP pin input and key wake-up input
(STOP2 to STOP5) which is controlled by the STOP mode release control register (STOPCR).

The STOP pin is also used both as a port P20 and an INT5 (external interrupt input 5) pin.

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

D 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 1: 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.

Note 2: During STOP period (from start of STOP mode to end of warming-up), due to changesin the
external interrupt pin signal, interrupt latches may be set to “1” and interrupts may be
accepted immediately after STOP mode is released. Before starting STOP mode, therefore,
disable interrupts. Also, before enabling interrupts after STOP mode is released, clear
unnecessary interrupt latches.

Level-sensitive reléase 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 mode will not place in STOP mode but instead will
immediately start the release sequence (warm-up). Thus, to start STOP mode in the level-sensitive
release mode, it is necessary for the program to first confirm that the STOP pin input is low 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 (INT5 is a falling edge-sensitive input).
Example 1: Starting STOP mode from NORMAL mode by testing a port P20.

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

SSTOPH: TEST (P2PRD). 0 ;  Wait until the STOP pin input goes low level
JRS F,SSTOPH
SET (SYSCR1).7 ;  Starts STOP mode
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Example 2: Starting STOP mode from NORMAL mode with an INT5 interrupt.

PINT5: TEST (P2PRD).0 ;  To reject noise, STOP mode does not start if
JRS F,SINT5 port P20 is at high
LD (SYSCR1),01010000B ; Sets up the level-sensitive release mode.
SET (SYSCR1).7 ;  Starts STOP mode
SINT5: RETI
STOP pin \ (0 Vi \
Ly ?7 |
i % i
XOUT pin :
]
I

NORMAL ] STOP

: NORMAL
operation ‘K operation : g i Warm-up ' operation
' Confirm by program that the

bbb L : STOP mode is released by the hardware.
STOPpininputislow and start Always released if the STOP
STOP mode. o s

pininput is high.

Figure 1-9. Level-sensitive release Mode

Note 1: 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.

Note 2: In this case of changing to the level-sensitive mode from the edge-sensitive mode, the release
mode is not switched until a rising edge of the STOP pin input is detected.

b. Edge-sensitive release mode (RELM =“0")

In this mode, STOP mode is released by a rising edge of the STOP pin input. This is used in applications
where a relatively short program is executed repeatedly at periodic intervals. This periodic signal (for
example, a clock from a low-power consumption oscillator) is input to the STOP pin. In the edge-
sensitive release mode, STOP mode is started even when the STOP pin input is high level. 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 (SYSCR1),10010000B ; Starts after specified to the edge-sensitive release mode

T 1 27

! \ Vin \
STOP pin ! £6

]

XOUT pin : m
NORMAL '! STOP : ' - L sTOP
operation operation > Warm-up —>le b operation —
NORMAL
STOP mode started operation
by the program.

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 NORMALZ2 or SLOW2, both the high-frequency and low-
frequency clock oscillators are turned on ; when returning to SLOW1 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.

(® 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 prescaler 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 5.85
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.

Note: When STOP mode is released with a low hold voltage, the following cautions must be
observed.
The power supply voltage must be at the operating voltage level before releasing STOP
mode. The RESET pin input must also be “H” level, rising together with the power supply
voltage. In this case, if an external time constant circuit has been connected, the RESET pin
input voltage will increase at a slower pace than the power supply voltage. At this time,
there is a danger that a reset may occur if input voltage level of the RESET pin drops below
the non-inverting high-level input voltage (hysteresis input).
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(2) IDLE mode (IDLE1, IDLE2, 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

EEEEEEEE———

p
No

Interrupt request

Normal Yes
release mode

No

Reset

Yes (Interrupt release mode)

Interrupt processing

]

Execution of the
instruction which follows
the IDLE mode start
instruction

<~

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 NORMALIL, from
IDLE2 to NORMALZ, from SLEEP1 to SLOW1 mode, and from SLEEP2 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). Ezxecution 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.

b. Interruptrelease mode IMF=1")

IDLE mode is released and interrupt processing is started by any interrupt source enabled with
the individual interrupt enable flag (EF). After the interrupt is processed, the execution resumes
from the instruction following the instruction which starts IDLE mode.

IDLE mode can also be released by inputting low level on the RESET pin, which immediately performs
the reset operation. After reset, the TMP86CM25/525 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 SYSCR2) 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-frequency oscillation.

Note: The high-frequency clock oscillation can be continued to return quickly to NORMAL2 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 ; SYSCR2<SYSCK> «1
(switches the main system clock to the low-frequency
clock for SLOW2)

CLR (SYSCR2).7 ; SYSCR2<XEN> «0

(turns off high-frequency oscillation)
Example2: Switching to the SLOW1 mode after low-frequency clock has stabilized.

LD (TC3CR),43H ;  Setsmode for TC4, TC3 (16-bit TC, fs for source)
LD (TC4CR),05H
LDW (TTREG3),8000H ; Setswarming-up time

(depend on oscillator accompanied)

DI ; IMF «0
SET (EIRH).3 ;  Enables INTTC4
EI ; IMF «1
SET (TC4CR).3 ; Starts TC4, 3
PINTTC4: CLR (TC4CR).3 ;  StopsTC4,3
SET (SYSCR2).5 ; SYSCR2<SYSCK> «1

(Switches the main system clock to the
low-frequency clock)
CLR (SYSCR2).7 ; SYSCR2<XEN> «0
(Turns off high-frequency oscillation)
RETI

VINTTC4: DW PINTTC4 ;  INTTC4 vector table
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b. Switching from SLOW1 mode to NORMALZ2 mode

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

High-frequency clock
Low-frequency clock

Main system clock
SYSCK

mode.

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.

Junrurngurururururung
-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 TMP86CM25/S25 are placed in NORMAL1

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

SET (SYSCR2).7

LD (TC3CR),63H
LD (TC4CR),05H
LD (TTREG4), 0F8H
DI

SET (EIRH).3

EI

SET (TC4CR).3

PINTTC4: CLR (TC4CR).3
CLR (SYSCR2).5
RETI

VINTTC4: DW PINTTC4

.
’

b

»

I

SYSCR2<XEN> « 1 (Starts high-frequency oscillation)
Sets mode for TC4, TC3 (16-bit TC, fc for source)

Sets warming-up time
IMF «0

Enables INTTC4

IMF «1

Starts TC4, 3

Stops TC4, 3

SYSCR2<SYSCK> «0

(Switches the main system clock to the
high-frequency clock)

INTTC4 vector table
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1.5 Interrupt Control Circuit
The TMP86CM25/525 are a total (Reset is excluded) of 15 interrupt sources for 20 interrupt factors; 4 of
the sources are multiplexed. Multiple interrupt with priorities 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 prioritized interrupt factors among non-maskable interrupts.
Table 1-2. Interrupt Sources
Interrupt Factors Enable Condition Intzn;v;:pt Xclecﬁ:srs Priority
Internal / .
(Reset) non-maskable — FFFEW High 1
External
Internal [INTSWI (Software interrupt) non-maskable — FFFCy 2
Internal | INTUNDEF (Executed the Undefined Instruction interrupt) | non-maskable — FFFCy 2
Internal |INTATRAP (Address Trap interrupt) non-maskable 1L FFFA 2
Internal  [INTWDT (Watchdog Timer interrupt) non-maskable IL3 FFF84 2
External |INTO (External interrupt 0) IMF=1,EFs=1 ILg FFF6y 5
External |INT1 (External interrupt 1) IMF=1,EF5=1 ILg FFF4y 6
internal | INTTBT (Time Base Timer interrupt) IMF=1,EFg=1 ILg FFF2y 7
External |INT2 (External interrupt2) IMF=1, EF7=1 ILy FFFO 8
Internal [INTTC1 (18-bit TC1 interrupt) IMF=1,EFg=1 ILg FFEEH 9
Internal [INTRxD (UART received interrupt)
-------------------------------------------------------- IMF =1, EFg= 1 iLg FFECH 10
Internal | INTSIOO (SIO0 interrupt)
Internal | INTTxD (UART transmitted interrupt)
-------------------------------------------------------- IMF=1,EFjg=1 IL1g FFEAY 1
Internal  [INTSIO1 (SIO1 interrupt)
internal |INTTC4 (TC4 interrupt) IMF=1,EFq; =1 ILq4 FFE8H 12
Internal  [INTTC6 (TC6 interrupt) IMF=1,EF15=1 ILy2 FFE6yH 13
internal |[INTADC (AD converter interrupt) IMF=1,EF43=1 ILq3 FFE4y 14
External |INT3 (External interrupt 3)
-------------------------------------------------------- IMF=1,EFq5=1 L1 FFE2y 15
Internal | INTTC3(TC3 interrupt)
External |INTS (External interrupt 5)
------------------------------------------------------- IMF=1, EFy5=1 ILys FFEOy | Low 16
Internal [INTTC5 (TC5 interrupt) '
Note 1: The folIowing'interrupt factors share their interrupt source, the factor is selected on the register INTSEL.
1) INTRXD and INTSIOO share the source whose priority is 10.
2) INTTXD and INTSIO1 share the source whose priority is 11.
3) INT3 and INTTC3 share the source whose priority is 15.
4) NT5 and INTTC5 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 2.5.5 address trap interrupt (INTATRAP)
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(1

(2)

a)

Interrupt Latches (IL15 to IL2)

An 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
itsinterrupt is enabled. All interrupt latches are initialized to “0” during reset.

The interrupt latches are located on address 003CH and 003Dy in SFR area. Except for IL3 and ILg,
each 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,

Note: When manipulating IL, clear IMF (to disable interrupts) beforehand.

Example 1: Clears interrupt latches

DI ; IMF«0
LDW (ILL), 1110100000111111B ; ILjg, ILjgtoILg« 0
EI ; IMF &1

Example 2: Reads interrupt latches

LD WA, (ILL) ;i WelIly, A «IL
Example 3: Tests an interrupt latches

TEST (ILL). 7 ;  if ILy=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 003Cq 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 (EF15 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 EFy4) are
located on EIRL to EIRH (address: 003Ay to 003By in SFR), and can be read and written by an
instruction. During reset, all the individual interrupt enable flags (EF15 to EF4) are initialized to “0”
and all maskable interrupts are not accepted until they are set to “1”.

Example 1: Enables interrupts individually and sets IMF

DI ; IMF«0
LDW (EIRL), 1110100010100000B ; EFi5to EF13, EF11, EF7, EF5 <1
: Note: IMF is not set.
EI ; IMFe«1
Example 2: C compiler description example
unsigned int __io (3AH) EIRL; ; /¥ 3AH shows EIRL address */

_DI()
EIRL=10100000B;

__EI();

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

L - - - - . - - - - - - e e, .
(003Dy, 003Cy) [ ILys @ llqg i dLg3 i Hbqp P ILqq flLgg ¢ Ilg : ILg l Il ¢ lkg : Is & g ¢ I3 ! ILy I
\ /\. /
Ly (003Dy) I (003CR)
(Initial value: 00000000 000000%+)
atRD at WR
ILystoILy | Interrupt Latches 0: nointerruptrequest 0: clearsthe interrupt request (Note 1) RIW
1: interrupt request 1: (Interrupt Latch is not set.)

Note 1. IL2 and IL3 are prohibited from clearing.
Note 2: When manipulating IL, clear IMF (to disable interrupts) beforehand.

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

EFys i EF1q i EFq13 : EFqp  EFqq | EFqg : EFg : EFg | EFy | EFg : EFs : EFa | g A
(003BH,003AH)[\ izl 23 T BT 10 279 8/1\ 7 i EFg DEFs [ EFa | i i.. [ ]

EIRy (0038y) EIRy (003AR)
(Initial value: 00000000 0000+#*+0)

Note 1. Do not clear IL with read-modify-write instructions such as bit operations.
Note 2: +; Don’t care

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 (IL), Interrupt Enable Registers (EIR)
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(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.

Interrupt source selector
7 6 5 4 3 2 1 0
INTSEL 1o [ s ors e g memn s s N .
(0036 ioom WOER [ILIOER| = ¢ Z..i.T. [IL14ER TILISER ] (initial value: 00+ ++00)
IL9ER alternative of 0: INTRXD
INTRXD or INTSIOO0 1: INTSIOO
IL10ER alternative of 0: INTRXD
INTRXD or INTSIO1 1: INTSIO1 RAW
IL14ER alternative of 0: INT3
INT3 or INTTC3 1: INTTC3
alternative of 0: INTS
ILTSER 1 7875 or INTTCS 1: INTTCS
Figure 1-17. Interrupt Source Selector
1.5.1 Interrupt sequence

(1

a)

b)

c)

d)

e)

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 us at 8.0 MHz) after the completion of the current instruction. The interrupt service task terminates
upon execution of an interrupt return instruction [RETI] (for maskable interrupts) or [RETN] (for non-
maskable interrupts). Figure 1-18 shows the timing chart of interrupt acceptance processing.

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

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.

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

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

(T 1 Y T T T TR I

1 machine cycle
| s W R NN ERE N EN R B B
] ! ”
Interrupt :/n H
[}

request

Interrupt (\
latch (IL) l i :/I
[
. |

—— -]

R R ] i TeTer FEp

N B ] R

- % L
i i
Inseruction, nskrsction X Interrupt acceptance Insecochon \ Execute RETI instruction
S 2t X 2 (o XorKor Ko R WKt X cxz X2 XoriXer?)
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

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

Vector table address Entry address
D203y Interrupt
vector service
D204y program

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 is 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.
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(2)

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 also
necessary to avoid using the same data memory area for saving registers. The following methods are
used to save/restore the general-purpose registers.

a) 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
(interrupt processing)

;  Save WA register

POP WA ; Restore WA register

RETI ; RETURN
................................................................................ Address
................................................................................ (Example)
.................... gp | s Py
............................. P R et

I n— R op ol e o23c

P PG e o] 0230
"""" PGy PCy PO o] 023E
"""" PSW W LW S| 023F

At Acceptance of [ At Execution of
PUSH instruction

an Interrupt

b) using data transfer instructions

|:> At Execution of

POP instruction

=

At Execution of
an RETl instruction

To save only a specific register without nested interrupts, data transfer instructions are available.

Example: save/store register using data transfer instructions

PINTxx: LD (GSAVA)A ;  Save A register
(interrupt processing)
LD A, (GSAVA) ; Restore A register
RETI ;  RETURN

Main task

Interrupt
service task

\\\ Saving registers

Interrupt

' l acceptance

Restoring registers

........................ M\
L —"
I Interrupt return

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

Figure 1-19. Saving/Restoring general-purpose registers under interrupt processing
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(3) Interruptreturn

Interrupt return instructions [RETI] / [RETN] perform as follows.

[RETI]/ [RETN] Interrupt Return

® Program Counter (PC) and program status word
(PSW, includes IMF) are restored from the stack.

@ Stack pointer (SP) is incremented 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 PC, and
PCy are located on address (SP+1) and (SP+2) respectively.

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

PINTxx: POP WA ;  Recover SP by 2
LD WA, Return Address ;
PUSH WA ; Alter stacked data
(interrupt processing)
RETN ; RETURN

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

PINTxx: INC SP ;  Recover SPby 3
INC SP ;
INC SP ;
(interrupt processing)
LD  EIRL,data i Set IMF to “1” or clear it to “0”
JP Restart Address ; Jump into restarting 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.
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1.5.2

ey

)

153

154

1.5.5

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.
INTUNDETF 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.

Address trap interrupt (INTATRAP)

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 TMP86CM25/S25 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 / P63 pin can be configured as either an
external interrupt input pin or an input/ output port, and is configured as an input port during reset.
Edge selection, noise reject control and INTO / P63 pin function selection are performed by the external
interrupt control register (EINTCR).

86CM25-33 2001-04-02



TOSHIBA

TMP86CM25/525

Table 1-3. External Interrupts

Under Development

. Secondary . . . .
Source Pin function pin | Enable conditions Edge Digital noise reject
Pulses of less than 2/fc [s] are eliminated as
. noise. Pulses of 6/fc [s] or more are considered
S IMF=1, Efg=1, : to be signals. In the SLOW or the SLEEP mode,
INTO INTO PE3/AIN3 INTOEN =1 falling edge pulses of less than 1/fs [s] are eliminated as
noise. Pulses of 3/fs [s] or more are considered
to be signals. ]
Pulses of less than 15/fc or 63/fc [s] are
INT1 MUL4 P12/2EGS4 IMF - EF< = 1 eliminated as noise. Pulses of 48/fc or 192/fc
P34/COMS 57 [s] or more are considered to be signals.
(Note 4) In the SLOW or the SLEEP mode, pulses of less
. than 1/fs [s] are eliminated as noise. Pulses of
P13/5EGS5 falling edge 3/fs [s] or more are considered to be signals.
INT2 MULS or IMF - EF7 =1 or Ul 1 h 77 T d
P35/COM6 rising edge ulses of less than 7/fc [s] are eliminated as
(Note 4) noise. Pulses of 24/fc [s] or more are
considered to be signals.
NT3 MULE PW(S)EGSG IMF - EF = 1 In the SLOW or the SLEEP mode, pulses of less
P36/COM7 IL14ER=0 than 1/fs [s] are eliminated as noise. Pulses of
(Note 4) 3/fs [s] or more are considered to be signals.
Pulses of less than 2/fc [s] are eliminated as
noise. Pulses of 6/fc [s] or more are considered
—— pusa— IMF - EFq5=1 . to be signals. In the SLOW or the SLEEP mode,
INTS INTS P20/5TOP IL1SER=0 falling edge pulses of less than 1/fs [s] are eliminated as
noise. Pulses of 3/fs [s] or more are considered
to be signals,

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

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

Note 2: Even if the falling edge of INTO pin input is detected at INTOEN =0, the interrupt latch ILy is
not set. :

Note 3: When data changed and did a change of I/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.

Note4: MUL4to 6isinterruptinput can be changed by the MULSEL register.

EINTCR
(00374)

External interrupt control register -

7 6 3

2 1

[ INTINC | INTOEN |

. . . 0: Pulses of less than 63/f¢ [s] are eliminated as noise
INTINC | Noise reject time select 1: Pulses of less than 15/fc [s] are eliminated as noise
B . . 0: P63 input/output port
INTOEN | P63/INTO pin configuration 1: INTO pin (Port P63 should be set to an input mode)
INT3 ES o
INT2ES | INT3 to INT1 edge select 0: Rising edge
INT1 ES 1: Falling edge

Note 1. fc,; High-frequency clock [Hz] *; Don’tcar

Note 2: When the system clock frequency is switched between high and low or when the external interrupt
control register (EINTCR) is overwritten, the noise canceller may not operate normally. It is recommend
that external interrupts are disabled using the interrupt enable register (EIR).

Figure 1-20. External Interrupt Control Register
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1.6

Reset Circuit

The TMP86CM25/S25 have four types of reset generation procedures: an external reset input, an
address trap reset, a watchdog timer reset and a system clock reset. Table 1-4 shows on-chip hardware
initialization by reset action.

The malfunction reset circuit such as watchdog timer reset, address trap reset and system clock reset is
not initialized when power is turned on. The reset operation might occur for the maximum 24/fc [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 hardwére Initial value
Program counter (PQ) (FFFEQ)
Stack pointer (SP) not initialized Prescaler and Divider of timing 0
General-purpose registers notinitialized generator
(W,A,B,C,D,EH,L
Jump status flag (JF) not initialized Watchdog timer Enable
Zero flag (ZF) not initialized
Carry flag (CF) notinitialized
Half carry flag (HF) not fnft!alfzed Output latches of /O ports R'efef to I/0 port
Sign flag (SF) notinitialized circuitry
Overflow flag (VF) notinitialized
Interrupt master enable flag- (IMF) 0
Interrupt individual enable flags 0 ' Refer to each of
© (EF) Control registers .
control register
Interrupt latches (1) 0
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/fc [s]) with the power supply
voltage within the operating voltage range and oscillation stable, a reset is applied and the internal
state is initialized.

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

vDD

RESET Reset input

Watchdog timer reset |
Malfunction |
reset output | Address trap reset l
circuit

System clock reset I

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

If the CPU should start looping for some cause such as noise and an attempt be made to fetch an
instruction from the on-chip RAM (when WDTCR1<ATAS> is set to “1”) or the SFR area, address-
trap-reset will be generated. The reset time is about 8/fc to 24/fc [s] (0.5 to 1.5 us at 16.0 MHz).

Instruction P a (
execution

internal reset

Address-trap is occurred

' (High-2)

4 - 1
] H 1
]
]
]
L
-
]
'

H 1
§Notq3

=
>l -

8/fc to 24/fc [s] h 4/fc
to
12/fc [s]

Note 1: Address “a” is in the SFR or on-chip RAM (WDTCR1<ATAS> = "1”) 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

1.6.3

1.6.4

Figure 1-22. Address-Trap-Reset

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

Watchdog timer reset
Refer to Section “2.4 Watchdog Timer”.
System-Clock-Reset

Clearing both XEN and XTEN (bits 7 and 6 in SYSCR2) to “0”, clearing XEN to “0” when SYSCK =0,
or clearing 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 =4“0", XEN=SYSCK=%0", or XTEN=“0" / SYSCK =“1" is detected to continue the
oscillation. The reset time is about 8/fc to 24/fc [s] (0.5 to 1.5 us at 16.0 MHz).
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2. On-Chip Peripherals Functions

2.1 Spedcial Function Register (SFR)

The TMP86CM25/S25 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), (b) indicate the special function register (SFR) and data buffer register (DBR) for

TMP86CM25/525. '
Address Read Write Address Read * Write

0000y reserved 0020y

01 21

02 22

03 23

04 24

05 25

06 26

07].. 27

08|, 28

091. 29

0A 2A

0B 2B

ocCy.. 2C

0D 2D

0E 2E

OF 2F PWREGE (Timer register 6)

10 reserved

1

124

13

14

151

16 .

17 (..

18 ..

191

1A

1B

€Y.

1D

1E

1F TTREG6 (Timer register 6) 3F PSW (Program Status word)

Figure 2-1 (a). The Special Function Register (SFR) for TMP86CM25/525
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como
comi
com2
coms3
com4
COMS5
COM6
com?
coms
comM9
COM10
CcCOM11
CcCOM12
comM13
com14
comM15

SEG7 SEG15 SEG23 SEG31 SEG39 SEG47 SEG55 SEG63
to to to to to to to to
SEGO SEG8 SEG16 SEG24 SEG32 SEG40 SEG48 SEG56

OF90y SIO0BRO (SIO0 Buffer 0)

OFFF reserved

Figure 2-1 (b). The Data Buffer Register (DBR) for TMP86CM25/525
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2.2 /O Ports
The TMP86CM25/S25 ha',_ve‘6 parallel input/output ports (42 pins) as follows.

Primary Function Secondary Functions

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

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

Port P3 7-bit 1/O port Timer / counter input / output and divider output / common’

output.

Port P5 8-bit /0 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 1/0 port Se%metnt output. Timer / counter input / output and divider
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 S2 state of the write cycle during execution of the instruction which writes

to an I/O port.
. Fetchcycle  Fetchcycle —~ Readcycle |
) Ll ) 1
SO S1 S2 S3 SO S1 S2 S3 SO S1 S2 S3
Instruction execution cycle E)lc Ll? A:’ (x)I o I

1 1

Input strobe I l

Datainput:::: // / /M:

(a) Inputtiming

< Fetch cycle { Fetchcycle Writecycle -

SO S1 S2 S3 SO S1 S§2 S3 SO S1 S2 S3

instruction execution cycle Ex: LD (x),A I
———— 1 1 1 1 1 1 I 1 1 1 ] ————
Output strobe .... l I -
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/Output Timing (Example)
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2.2.1 PortP1 (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 PLLCR 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 latch is initialized
to “1”,

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

When read the output 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.

Contorl input 'ﬂ

Terminal input(P1PRD)
P1LCRi

<l_

P1LCRi input

L

Output latch data (P1DR)

Data output (P1DR) > Q _D___ g [:: DP“

Output latch

|

Control output Note: i=7100
oe— >
OUTEN
I l N
LCD data output >0 Q] P
7 6 5 4 3 2 1 0
P1DR P17 | P16 | P15 | P14 | P13 | P12 | P11 | P10
(0001,) |SEG59 |SEGS8 |SEGS7 | SEGS6 [SEG5S |SEGS4 |SEGS3 [SEGS2| ... ,
RW | SCKO | TxD | RxD |MUL6 | MULS | MULa (Initial value: 1111 1111)
s00 | si0
PILCR | | | | | [ | [ | (nitial value: 0000 0000)

(0029,)
0: P1input/output port or secondary function

(expect for segment) RW
1: segment output

Port P1/segment output select

PILCR (set for each bit individually)

piPRD | P17 | P16 | P15 [ P14 | P13 | P12 | P11 | P10 |

(0008)
Read only

Note: With ports assigned as MUL6 to MULO, assigned pins can be switched by the multi function register
(MULSEL). The assigned functions are as follow:

muLo: bVO MUL4: INT1
MuL1: PWMS3, PDO3, TC3 MUL5: INT2
muL2: PPGA, PWM4, PDO4, TC4 MULG6: INT3
MUL3: PPGE, PWME, PDOS, TC6

Figure 2-3. Port 1
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2.2.2 PortP2 (P22 to 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
oscillator 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.

It is recommended that pin P20 should be used as an external interrupt input, a STOP mode release
signal input, or an input port. Ifit 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) - <l‘

Data input (P20)

Data output (P20) [P Q] ’ L D P20 (INT
Output latch

, STOP)

i
7

(%]

A

Contorl input

Data input (P21PRD)

A

F—

Osc. enable

% D P21 (XTIN)
\

Datainput (P21) -

]
K)

Data output (P21)
' Output Iatch

Data input (P22PRD) <I—<\:}

Data input(P22) - <l—’ \T
Data output (P22) ———+i:} {: [ p22xToUm)
Output latch
STOP [ [:
OUTEN -
XTEN
1

...... 7. .08 .54 .3 2 ! 0
P2DR i : P22 P21 P20

: : : : : XTOUT | XTIN | INT5 | (Initial value: s++* *111)
(00024) : : H : : TFAS
RIW i e e e STOP
I [ o T 7]
(0008 b
Read only

Figure 2-4. Port?2

Note: Port P20 is used as STOP pin. Therefore, when stop mode is started, OUTEN does not affect to
P20, and P20 becomes High-z mode.
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2.2.3 PortP3(P36 to P30)

Port P3 is a 7-bit input/output port.

It is also used as a External interrupt input, timer/counter mput/output divider output and LCD
common /segment output.

When used as an input port or a secondary function pins, after setting segment /common output control
(P3LCR) to “0” respective output latch (P3DR) should be set to “1”. During reset, the P3DR is
initialized to “1”, and segment output control (P3LCR) is initialized by “0”. In using it as LCD segment/
common output, it sets the bit to which P3LCR corresponds to “1”.

P3 port output latch (P3DR) and P3 port terminal input (P3PRD) 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 bit 7 is
unstable.

Contorl input - ﬂ

Terminal input(P3PRD) -« <}
P3LCRi b Q

]

P3LCRi input

Output latch data (P3DR)

Data output (P3DR) > D _D____ I; E: D P3i

Output latch

g

:]

Control o&;‘;%; Note: i=6to0
OUTEN :lj
LCD data output Nl/
...... 7.6 5 4 3 2 1 0
P3DR P36 | P35 | P34 | P33 | P32 | P31 P30
G |cou | con cows s ECan e encs | anatate: 111 111

PILCR | | | | | | ] | (nitial value: *000 0000)
(000dy) o f
. 0: P3 input/output port or function except LCD
P3LCR ?s::tf’:)?' s::n &:Iilnc;:};?a” ) segment or common output RIW
y 1: LCD segment output/common output
P3PRD : | P36 | P35 | P34 | P33 | P32 | P31 | P30 ]
(000Ay) '
Read only

Note: With ports assigned as MUL6 to MULO, assigned pins can be switched by the multi function register
(MULSEL). The assigned functions are as follow:

MuLo: DVO MUL4: INT1
MUL1: PWM3, PDO3, 1C3 MULS: INT2
MUL2: PPG4, PWM4, PDO34, TC4 MUL6: INT3
MUL3: PPGG, PWME, PDOG6, TC6

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”. When used as an
output port, the respective P5LCR bit should be set to “0”.

P5 port output latch (P5DR) and P5 port terminal input (P5PRD) are located on their respective
address.

When read the output latch data, the P5DR 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.

STOP
OUTEN

PSLCRi b q LD—

P5SLCRi input -
Data input (PSPRD) ==

Data input (PSDR) <}—1 1
Data output (P5DR) : P {\/ D P5i

*

I

Al

:]

Output latch

N Note: i=7to0
LCD data output P
7 6 5 4 3 2 1 0
PSDR ps7 | ps6e | pss | psa | ps3 | ps2 | ps1 [ Ps0 " .
(0005,) | SEG47 | SEGA6 | SEG4S | SEGA4 | SEGA3 | SEGA2 | SEGA1 [ sEGag | (nitialvalue: 11111111)
RIW
PSLCR | | | | Gnitial value: 00000000)
(002A4)
PSLCR Port P5/ segment output select 0: P5input/output port RIW
(set for each bit individually) 1: LCD segment output
psprD | P57 | pse | pss | psa | ps3 | ps2 | pst | pso |
(000B,)
Read only
Figure 2-6. Port5
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2.2.5 PortP6 (P67 to P60)

Port P6 is an 8-bit input / output port which can be configured as an input or an output in one-bit unit.
Port P6 is 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
(P6DR), and AINDS (bit 4 in ADCCR1). During reset, P6CR and P6DR are initialized to “0” and
AINDS is set to “1”. At the same time, the input data of pins P67 to P60 are fixed to “0”. 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 PEBDR to “0” and P6CR to “0”, and start the AD. It is the
penetration electric current measures by the analog voltage.

Pins not used for analog input can be used as I/O ports. During AD 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 AD conversion,

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

STOPJEN

Key on Wake up QY I

Analog input e
AINDS

SAIN _—OD

, P6CRi —]D Q !

P6CRi input e lﬂ

~

Data input (P6DR) :
I_<'|
Data output (P6DR) —DIE

Note 2: STOP is bit7 in SYSCR1
[] p6i  Note 3: saINisbit 0to 3in ADCCRA

@%—

] Notel: i=7t00,j=7to4
N

l/

Note 4: STOPIEN is bit 4 to 7 is STOPCR.

STOP
7 6 5 4 3 2 1 0
P6DR P67 : P66 : P65 : P64 | P63 : P62 : P61 | P60 »
(0006+) | AIN7 : AING : AINS i AIN4 ; AIN3 | AIN2 | AINT : AINO (Initial value: 0000 0000)
RW STOP5:STOP4:STOP3:STOP2: INTO : ECNT : ECIN :
PECR 7 6 5 4 3 2 0
(000Cy) | : : : : : | (Initial value: 0000 0000)
AINDS = 1 (AD unused) AINDS = 0 (AD used)
PECR 1/0 control for port P6 P6DR = "0" P6DR = "1 P6DR="0" P6DR="1"
(specified foreachbit) | 0 |input“0”fixed | Input mode AD input Input mode RIW
Output mode Output mode

Note 1: Do not set output mode to pin which is used for an analog input.

Note 2: When used as anINTO, ECNT and ECIN pins of a secondary function, the respective bit of P6CR should be set
to “0” and the P6 should set to "1".

Note 3: When used as an STOP2 to STOP5 pins of Key on Wake up, the respective bit of P6CR should be set to “0”.

Note 4: When a read instruction for port P6 is executed, the bit of Analog input mode becomes read data "0”.

Figure 2-7. Port 6 and P6CR

Note: Although P6DR is a read / writer register, because it is also used as an input mode control function,

‘ read-modify-write instructions such as bit manipulate instructions cannot be used.
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 an external interrupt input, a divider output
a segment pins of LCD. =~ ~

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

During reset, the P7TDR is initialized to “1”,

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

P7 port output latch (P7DR) 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.

Contorl input ﬂ——
Terminal input(P7PRD) —= <)_

P7LCRIi

P7LCRi input

Output latch data (P7DR)

Data output (P7DR) > b F__D_g_[»___n P7i

Output latch

M_@

|

Control output Note: i=7to0
o ——J
OUTEN
LCD data output {\/\
7 6 5 4 3 2 1 0
P7DR P77 | P76 | P75 | P74 | P73 | P72 | P71 | P70

(0007,)) COM15|COM14 |COM13{COM12|COM11|COM10| COM9 | COM8 | (initial value: 1111 1111)
RIW SCK1 SO0 Si MUL3 | MUL2 | MULY | MULO

PILCR | | | | | | | | | (initial value: 0000 0000)
(002By)
P7LCR Port P7 / segment output select 0: P7input/output port RIW
(set for each bit individually) 1: segment output

p7pRo | P77 | P76 | P75 | P74 | P73 [ P72 [ P71 | 70 |

(000Dy)
Read only

Note: With ports assigned as MUL6 to MULO, assigned pins can be switched by the multi function register
(MULSEL). The assigned functions are as follow:

MuLo: BVO MUL4: INT1
MuL1: PWM3, PDO3, 1C3 MULS: INT2
MUL2: PPGY, PWMJ, PDO4, TC4 MULG6: INT3
MUL3: PPGE, PWME, PDOB, TC6

Figure 2-8. Port7
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2.3 ‘Multi Function Register
With function pins assigned as MUL6 to MULQO, the port to be used can be switched by MULSEL.

Multi function register
7 6 5 4 3 2 1 0
MULSEL [ MUL6 | MULS [ MUL4 | MUL3 [ MUL2 | MUL1 | MULO | (initial value : 000 0000)
(OFCOy) oo
. . 0: P14
MuL6 INT3 function pin select 1: P36
. . 0: P13
MULS INT2 function pin select 1: P35
. . 0: P12
MUL4 INT1 function pin select 1: P34
MUL3 | PPG6, PWMB, PDOG TC6 function pin select ? ::33 R/W
. . 0: P32
MUL2 PPG4, PWM4, PDO4, TC4 function pin select 1: P73
[P . . 0: P31
MUL1 PWM3, PDO3, TC3 function pin select 1: P72
MULO DVO function pin select ? ::;?
Figure 2-9. Multi Function Register
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2.4 Time Base timer (TBT)

The time base timer generates time base for key scanning, dynamic displaying, etc. It also provides a
time base timer interrupt INTTBT).

An INTTBT is generated on the first falling edge of source clock (the divider output of the timing
generator) after the time base timer has been enabled. The divider is not cleared by the program ;
therefore, only the first interrupt may be generated ahead of the set interrupt period (Figure 2-10 (b)).
The interrupt frequency (TBTCK) must be selected with the time base timer disabled (the interrupt
frequency must not be changed with the disable from the enable state). Both frequency selection and
enabling can be performed simultaneously.

mMPX

f/22 or fs/2' >—
{722 or fs/21? >—
fc/2'¢ or fs/28
fc/2' or fs/26 >—
/2% or fs/2° >—
fc/2"? or fs/2* >—

>—7

>—

IOoT"mMogNnw

Y M Falling edge detector IDLEO/SLEEPO release request

fc/2' or fs/23
fc/2° or fs/2

S INTTBT interrupt request
34
TB'TCK TBTEN
| 71BTCR
Time base timer control register

(a) Configuration

Source clock l l I | I I

TBTEN

INTTBT i |'| ﬂ |'L

"Interrupt period '
Enable TBT Note: MPX; Multiplexer

(b) Time base timer interrupt

Figure 2-10. Time Base Timer

Example: Sets the time base timer frequency to fc/2!6 [Hz] and enables an INTTBT interrupt.

LD (TBTCR), 00000010B ; TBTCK « 010
LD (TBTCR), 00001010B ; TBTEN «1
SET  (EIRL).6
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7 6 5 4 3 2 1 0
TBTCR iti
(0036, I(DVOEN)[ (DVQCK) I(DV?CK)J TBTEN [ , TBTCK | I (Initial value: 0#+0 Oxx*)
Time base timer enable / 0: Disable
TBTEN disable 1. Enable
NORMAL1/2, IDLE1/2 mode
DV7CK =0 bvrck=1 | O, SLEEPmode
. o 000 fc/2? fs/2' fs/2'®
Time base timer interrupt 001 fe29 fs/213 f5/213 R/W
TBTCK | frequency select [Hz] 010 fc/2'6 fs/28 -
011 fo/2' fs/2° -
100 fe/2% fs/2° -
101 fc/2% fs/24 -
110 fo2 fs/23 -
111 fc/2° fs/2 -

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

Figure 2-11. Time Base Timer Control Register

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

Time base timer interrupt frequency [Hz]

NORMAL1/2, IDLE1/2 mode

SLOW, SLEEP

DV7CK =0

DV7CK =1

mode

1.91
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2.5 Watchdog Timer (WDT)

The watchdog timer is a fail-safe system to rapidly detect the CPU malfunctions such as endless looping
caused by noise or the llke 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 reset. At first the reset
outputis selected.

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

Note: Care must be given in system design so as to protect the Watchdog Timer from disturbing
noise. Otherwise the Watchdog Timer may not fully exhibit its functionality.

2.5.1 Watchdog Timer Configuration

MPX Reset release signal from T.G.
fc/2® or fs/2 —| A Binary Counters L
fc/2?' or fs/2' —>| B Clock R
/2" or fs/2" —»{C Y Overflow WDT output
f/2V or f5/2° —>|D ¢ 1 2 S 6—{>——> Reset request
A >
clear & ﬂerrupt request DT
internal reset > i i
Q
S R
WDTEN Writi Writi
riting riting
woTtT disable code | clear code wDTOUT

Controller

0034, t 0035y t

WDTCR1 WDTCR2 Note: MPX ; Multiplexer

Watchdog timer control registers

Figure 2-12. Watchdog Timer Configuration
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2.5.2 Watchdog Timer Control

(M

Figure 2-13 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 as follows.

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

@ Repeatedly clearing the binary counter within the setting detection time

If the CPU malfunctions such as endless looping or deadlock occur for any cause, the watchdog timer
output will become active at the rising of an overflow from the binary counters unless the binary
counters are cleared. At this time, when WDTOUT=1 a reset is generated, to reset the internal
hardware. When WDTOUT =0, a watchdog timer interrupt INTWDT) is generated.
The watchdog timer temporarily stops counting in STOP mode including warm-up or IDLE mode, and
automatically restarts (continues counting) when the STOP /IDLE mode is released.

Note: The watchdog timer consists of an internal divider and a two-stage binary counter. When
clear code 4Ey is written, only the binary counter is cleared, not the internal divider.
Depending on the timing at which clear code 4Ey is written on the WDTCR2 register, the
overflow time of the binary counter may be at minimum 3/4 of the time set in WDTCR1
<WDTT>. Thus, write the clear code using a shorter cycle than 3/4 of the time set in WDTCR1
<WDTT>.

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

LD(WDTCR2), 4EH ; Clears the binary counters
LD(WDTCR1), 00001101B ; WDTT « 10, WDTOUT «1
—LD(WDTCR2), 4EH ; Clears the binary counters
Within 3/4 of WDT (always clear immediately before and after
detection time changing WDTT)
B LD (WDTCR2), 4EH ; Clears the binary counters
Within 3/4 of WDT :
detection time
L LD (WDTCR2), 4EH ; Clears the binary counters
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Watchdog Timer Register 1

7 6 5

4

3 2 1

0

| (atas) [ (atoun [ woren |

WI?TT

[wotout| (initial value: **111001)

Watchdog timer
enable/disable

0: Disable (It is necessary to write the disable code to WDTCR2)
1: Enable

Watchdog timer
detection time [s]

NORMAL1/2 mode
DV7CK=0 DV7CK = 1 SLOW mode
00 25)ic 27/fs 27/fs
01 | 2%3/f¢ 2"%/fs 2'%/fs
10 2V/fc 2'¥fs 2Y%fs
11 2Y%fc 2'fs 2V/s

Watchdog timer
output select

0: Interrupt request
1. Reset generates

Write
only

Note 2:
Note 3:
Note 4:

Note 5:

WDTCR1 .. 0......B...
(0034y) : IR T
WDTEN
WDTT
WDTOUT
Note 1:

WDTOUT cannot be set to “1” by program after clearing WDTOUT to “0”.
fc,; High-frequency clock [Hz], fs ; Low-frequency clock [Hz], *; Don’t care
WDTCR1 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.
To disable the watchdog timer, always write “4E” (clear code) to WDTCR2 for clearing the binary
counter before writing “0” to WDTEN, and then write “B1y"” (disable code) to WDTCR2.
Also, immediately before these procedure, disable the interrupt master flag(IMF) by DI instruction.
Watchdog Timer Register 2

WDTCR2 7
(00354

6 5 4

3 2 1 0
: : I (Initial value: #x** xxx*)

WDTCR2

Watchdog timer control
code write register

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

D2y: Enable assigning address trap area

Others: Invalid

Write
only

Don’t care

Note 1: The disable code is invalid unless written when WDTEN =0.
Note2: *;
Note 3: The binary counter of the watchdog timer must not be cleared by the interrupt task.

(2)

Note 4: Write clear code 4Ey within 3/4 of the time set in WDTCRI<WDTT>.

Figure 2-13. Watchdog Timer Control Registers

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 timer disable

To disable the watchdog timer, write “4Eq” (clear code) to WDTCR2 for clearing the binary counter
before writing “0” to WDTEN, and then write “B1y” (disable code) to WDTCR2. The watchdog timer is
not disabled if this procedure is reversed and the disable code is written to WDTCR2 before WDTEN is
cleared to “0”. Also, immediately before these procedure, disable the interrupt master flag(IMF) by DI

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

Example: Disables watchdog timer

DI
LD

(WDTCR2), 04En
LDW (WDTCR1), 0B101H ;

s IMF<0
;  Clear the binaly counter
WDTEN « 0, WDTCR2 « Disable code

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

Watchdog timer detection time [s]

WDTT NORMAL1/2 mode
DV7CK =0 DV7CK =1 SLOW mode
eeereereremnerennerenenes 2097 e e, B e,
....... 254.288M e
......................... 131.072m e 20,
32.768 m 62.5 m
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2.5.4

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,023FH ;  Sets the stack pointer
LD (WDTCR1),00001000B ; WDTOUT «0

Watchdog Timer Reset

If the watchdog timer reset request occurs, a reset is generated, to reset the internal hardware. The
reset time is about 8/fc to 24/fc [s] (0.5 to 1.5 us at fc=16.0 MHz).

Note: The high-frequency clock oscillator also turns on when a watchdog timer reset is generated in
SLOW mode. The reset 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

1 I |
Binary counter IX 2 XEX o X L X2 X3 X 0

Overflow
INTWDT interrupt |

internal reset IReset generates

2%/c {s]

[ | [ | [ | [ WoTT=115)

Writes 4E,; to WDTCR2

Figure 2-14. Watchdog Timer Interrupt/Reset
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2.5.5 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 2-15.

Watchdog Timer Control Register 1

WDTCR1  ....... AR, 6. 5 4 3 2 1
003y i - i = | atas | atour [worem ]  worn  Jwotoun| (nitial value: x¢11 1001)

0: No address trap
Selection of address trap in | 1: Addresstrap

internal RAM (After setting ATAS to “1”, it is necessary to write the | write
control code D2, to WDTCR2) only
ATOUT Selection of operation at |0: Interrupt

address trap 1: Reset

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

WDTCR2 l

(0035,) —I (Initial value: **%* xxxx)

D2y: Address trapped area valid to set
(ATRAP control code)

Watchdog timer control | 4Ey: Watchdog timer binary counter clear Write
WDTCR2 |code and Address trapped (WDT clear code) only
area control code B1y: Watchdog timer disable

(WDT disable code)
Others: Invalid

Figure 2-15. Watchdog Timer Control Registers

(1) Selection of address trap in internal RAM (ATAS)

Using WDTCR1<ATAS>, address trap or no address trap can be selected for the internal RAM area.
To execute an instruction in the internal RAM area, set “0” in WDTCR1<ATAS>. Setting in
WDTCR1<ATAS> becomes valid after control code D2H is written in WDTCR2. Executing an
instruction in the SFR/DBR area generates an address trap unconditionally regardless of the setting in
WDTCR1<ATAS>.

(2) Selection of operation at address trap (ATOUT)

As the operation at address trap either interrupt generation or reset output can be selected by
WDTCR1<ATOUT>.
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2.6 Divider Output (DVO)

Approximately 50% duty pulse can be output using the divider output circuit, which is useful for
piezoelectric buzzer drive. Divider output (DVO) is output from P30 or P71. The selection of P30 or P71
is controlled by MULSEL<MULO>. To output DVO, the corresponding bit of output latch (P3DR or
P7DR) should be set to “1”.

Note: Selection of divider output frequency must be made while divider output is disabled.
Also, in other words, when changing the state of the divider output frequency from enabled
to disabled, do not change the setting of the divider output frequency.

7 6 5 4 3 2 1 0
TBTCR) | DVOEN | DVOCK [ (ovrex) | (18TEN) | (TBTCK) | | nitial value: 0000 0000)
(00364
Divider output enable/ 0: Disable
DVOEN | gisable 1: Enable
NORMAL1/2 mode
DV7CK=0 DVICK=1 | -OW. SLEEPmode| |
DVOCK Divider output (DVO) 00 fc/2P fs/2° fs/2°
frequency selection [Hz] 01 fc/2? fs/24 fs/2*
10 fer2" fs/2? fs/23
11 fe/2"° fs/2? f5/2?
Note: fc, High-frequency clock [Hz], fs,; Low-frequency clock [Hz], +;Don‘tcare

Figure 2-16. Divider Output Control Register

Example: 1.95 kHz pulse output (at fc =16 MHz) from P30
LD (MULSEL), 00000000B ;  DVO output from P30

SET (P3DR).0 ; P30 outputlatch «“1”
LD (TBTCR), 00000000B ; DVOCK «“00”
LD (TBTCR), 10000000B ; DVOEN «*“1”

Table 2-3. Divider Output Frequency (Example: atfc=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, 1953 K o 1.024k
""" Of L3908k 208K
""" TG sk gk
...... ) e ey

Output latch

Dataoutput —D Q P30 or P71 (DVO)

fclzg or ISIZZ > A

fc/2'? or fs/2° >— | I
: P30 or P71

fc2M or f5/22 >—C Y output latch —-l ; :

fc/2'° or fs/2? >—Dg

2] : —
1 DVOEN__Jj ! L

DVOCK DVOEN

| mrer | . l'_l: :I_l M. I—l r-l I——:
DVO pin output . :

Divider output control register
(a) Configuration (b) Timing Chart

Note: MPX; Multiplexer

Figure 2-17. Divider Output
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18-bit Timer / Counter (TC1)

2.7

2.7.1 Configuration
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2.7.2 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 1 10 9 8 7 6 5 4 3 2 1 0

TREG1A, TREG1Ay, (0011 TREG1A (0010,
TREG1A l (O(Z‘C'?Z-.-)H | 1 1 1 hlll( l'||) 1 I ! I 1 %( H|) 1 1 I
(0012, 00114, 00104) Read/Write

) ) ) (Initial value: 00 0000 0000 0000 0000)
Internal window gate pulse setting register

6 s 4 3 2 1 0
Ta | Tb | (nitial value: 0000 0000)

Il N Il F X 1

TREG1B I
(0013y)

Setting “H" level period of _ 13 _ 5
Ta the window gate pulse (16 - Ta) x 213/fc or (16~ Ta)x 25/fs [s]

Setting “L” level period of _ 13 _ 5 RAW
Tb the window gate pulse (16 - Tb) x 213/fc or (16-Tb)x 25/fs [s]
Note: WGPSCK =01
Timer/counter 1 control register 1
TCICR1 7 6 5 4 3 2 1 0
(0013, LTEIC|  TCIS _TCICK | 1M ] (nitial value: 1000 1000)
TCIC 0: Counter/ overflow flag clear request
(“1" is automatically set after clearing.)

00: Stop and counter clear and overflow flag clear

TC1S TC1 start control 10: Start
*1: reserved
000: Internal clock fc [Hz]
001: Internal clock fs {Hz]
010: Internal clock fc/2§3 or fs/2'%  [Hz]
011: Internal clock fc2" or fs/2°  [Hz} R/W

TC1CK | TCH source clock select 100: Internal dlock  fa/2" or f5/2°  [Hz]
101: Internal clock fa/2? [Hz]
110: Internal clock fu23 [Hz]
111: External clock (ECIN pin input)
00: Timer/event counter mode
01: reserved

TCiM TC1 mode select 10: Pulse width measurement mode
11: Frequency measurement mode

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

Note 2: Writing to the low-byte of the timer register 1A (TREG1A,, TREG1A,,), the compare function is inhibited
until the high-byte (TREG1Ap) is written.

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

Note4: “fc” can be selected as the source clock only in the timer mode during SLOW mode and in the pulse
width measurement mode during NORMAL 1/2 or IDLE 1/2 mode.

Note 5: When a read instruction is executed to the timer register (TREG1A), the counter immediate value, not
the register set value, is read out. Therefore it isimpossible to read out the written value of TREG1A. To
read the counter value, the read instruction should be executed when the counter stops to avoid
reading unstable value.

Note 6: Set the timer register (TREG1A)to = 1.

Note 7: When using the timer mode and pulse width measurement mode, set TC1CK (TC1 source clock select) to
internal clock.

Note 8: When using the event counter mode, set TC1CK (TC1 source clock select) to external clock.

Note 9: Because the read value is different from the written value, do not use read-modify-write instructions to
TREG1A.

Note 10: fc/2” and fc/2? can not be used as source clock in SLOW/SLEEP mode.

Note 11: The read data of bits 7 to 2 in TREG1AH are always “0”. (Data “1” can not be written.)

Figure 2-19. 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 3 2 1 0

TC1CR2 A SGP [SGEDG |  WGPSCK  [TC60UT| “0" : (initial value: *000000%)
(0015p)

00: ECNTinput

01: Internal window gate pulse (TREG1B)
10: PWM6/PDOBb/PPG6 (TC6) output
11: reserved

SGP Window gate pulse select

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

00: Select 212/fc or 24/fs

Window gate pulse source clock 01: Select 213/fc or 25/fs
WGPSCK select 10: Select 214/fc or 26/fs
11: reserved

TC6 output (PWM6/PDO6/PPG6) | 0: Outputto P33
external output select 1: No output to P33

TC6OUT

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

Note 2: Set the mode, source clock, and edge (selection) when the TC1 stops (TC1S =00).

Note 3: If there is no need to use PWMG6 / PDOG / PPGE as window gate pulse of TC1, always write “0” to TC60UT.
Note 4: Make sure to write "0” to bit 7 and 0in TC1CR2.

TC1 Status register

7 6 S 4 3 2 1
rerse  HECF [HEOVE] 0¥ "™ g« "% g+ i g% " o 16" & (initial value: 00000000)

(00164)

0: Stop (during Tb) or disable
1

HECF Operating Status monitor : Under counting (during Ta)

Read
: No overflow only
: Overflow status

HEOVF | Counter overflow monitor

-0

Figure 2-20. Control Register of the TC1/Status Register
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2.7.3 Function

TC1 has four operating modes. The timer mode of the TC1 is used at warm-up when switching form
SLOW mode to NORMALZ2 mode.

Timer mode

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

is cleared. 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 fg =
DV7CK =0 DV7cK=1 | StOWmode | SLEEPmode | fc=16MHz | fs=32.768kHz | fc=16 MHz | 32,768 kHz

/2% [Hz] fs/2'° [Hz] fs/2'% [Hz] fs/2'5 [Hz] 0.52s 1s 38.2h 728 h

fc/2¥ fs/25 fs/25 fs/25 512 us 0.98 ms 2.2 min 4.3 min

fg2" fs/23 fs/23 fs/23 128 us 244 us 0.6 min 1.07 min

fo/2’ fo/2’ — —_— 8 us — 2.1 S

fe/23 fe/23 —_ S 0.5 us —_— 131.1 ms -

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

fs fs — — —_ 30.5 us —_— 8s

Note: When fc is selected for the source clock in SLOW mode, the lower bits 11 of TREG1A is invalid,

and a match of the upper bits 7 makes interrupts.

Comm:iind Start
¢

UUUuUUUUUuUL

Source clock

|

; «
counter 0 | X1X2XZX4X_;' xn—1anGX1X2X3X4X5XsX
TREG1A X ;n o
INTTC1 i match detect \ry Counter clear
Figure 2-21. Timing Chart for Timer Mode
(2) EventCounter mode

It is a mode to count up at the falling edge of the ECIN pin input. 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 fe/24 [Hz] in NORMAL 1/2 or IDLE 1/2 mode and fs/24 [Hz] in SLOW
or SLEEP mode. Two or more machine cycles are required for both the “H” and “L” levels of the pulse
width.

Start
]

ECIN pin input I |: I I I I '_I «

N

o N e

H ( : :
Counter {0 X 1 X 2 X 2: X -t X_"_X o X 1 X 2
1 ’ [
TREG1A X !In 6 1
INTTC1 i match detect \n/ Counter clear

Figure 2-22. Event Counter Mode Timing Chart
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3)

Pulse Width Measurement mode

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 (bit 2, 3 and 4 in
TC1CR1). An INTTCI] interrupt is generated at 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). In the interrupt
service program, read the contents of TREG1A while the count is stopped (ECIN pin is low), then clear
the counter using TC1C (bit 7 in TC1CR1). When the counter is not cleared, counting up resumes by
starting count-up. When TREG1A is counted up from 3FFFFg to 00000y, an overflow occurs. HEOVF
(bit 6 in TC1SR) of the status register can monitor whether the overflows or not. HEOVF remains the
old data until the counter is required to be cleared by TC1C. '

ECIN pin input l l
InternalclockIlllllllllllllllllll |I||||||||||

Counter o X X2 X X Xrz2Xo X » X o X X2

INTTCH

Program

Count Start Count Stop Count Start

" A

Read and clear

Interrupt

Figure 2-23. Pulse Width Measurement Mode Timing Chart

Note 1: INTTC1 interrupt occurs when ECIN input is “1” and TC1S of TCICR1 is written to “00”.
According to the following step, when timer counter is stopped, INTTC1 interrupt latch
should be cleared to “0”.

TC1STOP:
DI ; Clear IMF
CLR (EIRH). EF8 ,; Clear EF8
LD  (TCICR1),0y00011010 ; Stop timer counter 1
LD  (ILH),0y11111110 ; CleariL8
SET (EIRH). EF8 ; SETEF8
El ; SET IMF

Note2: When SGEDG (window gate pulse interrupt edge select) is set to both edges and ECIN pin
input is “1” in the pulse width measurement mode, an INTTCT interrupt is generated by
setting TC1S (TC1 start control) to “10” (start).

Note 3: In the pulse width measurement mode, HECF (operating status monitor) cannot used.
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(4)

Frequency 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. 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). To use ECNT terminal input as a window gate pulse, SGP

(bit 5 and 6 in TC1CR2) should be set to “00”. In the interrupt service program, read the contents of

TREG1A while the count is stopped (window gate pulse is low), then clear the counter using TC1C.

When the counter is not cleared, counting up resumes by stating count-up. The window pulse status can

be monitored by HECF of the status register. HEOVF of the status register can monitor whether the

binary counter overflows or not. In the overflow flag status, a new data is not input until the counter
clear requests.

e Using TC6 output (PWM6/PDO6/PPGS6) for the window gate pulse, external output of
PWM6/PDO6/PPG6 to P33 can be controlled using TC60UT (bit 1 in TC1CR2). Zero-clearing
TC60UT outputs PWM6/PDO6/PPG6 to P33; setting 1 in TC60UT does not output
PWM6/PDO6/PPG6 to P33. (TC60UT is used to control output to P33 only. Thus, use the timer
counter 6 control register to operate/stop PWM6/PDO6/PPG6.)

e 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 Tb can be individually set by TREG1B. One cycle
contains Ta+ Tb.

Note 1: Because the internal window gate pulse is generated in synchronization with the internal
divider, it may be delayed for a maximum of one cycle of the source clock (WGPSCK)
immediately after start of the timer.

Note 2: Set the internal window gate pulse when the timer counter is not operating or during the Tb
period. When Tb is overwritten during the Tb period, the update is valid from the next Tb

period.
Tabale 2-5. Setting Taand Tb
(WGPSCK = 10, fs =32.768 kHz)
[<€--Ta~——~>»[<-Tb- Ss;;creg Setting time SS;TL'LQ Setting time
The setting time fo Ta or Tb is shown as the following | |....... 0 .................. 3125"15 ............ 8 ................... 1563ms
format. at (WGPSCK=10). ] LS I 2930 ms ... 9 i 1367 .ms..
(16-n) ><2;4f/fc %s} or 2 27.34 ms A 11.72 ms
(16_ n) xz / s s ...............................................................................................
The setting time at fs=32.768 kHz is listed in a table | |....... 3 ................... 2539ms ............ B 977ms
menitionedright. ] 4B ms .. )....n8 ms
Ta set by the upper side (bits 7 to 4), and Th is set by the 5 21.48 ms D 586 ms
lOWefSlde(bltS3t00)lnTREG1B. ....... g ................ 1. §:.5.é..4..r.ri.s ............ .E........ ..............3...6.1.....r.T.{S‘-“.
Figure 2-24. Window Gate Pulse Format 7 17.58 ms F 1.95 ms

ECINpmmputIIIIIllIIIIlIlIIIIIlllIlIIllIlIll
Window I I I L__

gate pulse e ki Ta-====mmmomoee e Tb---->€-------om-—- Ta-~m=m-omommm- >

Counter o X1 X2 X3 Xa)Xs X 6 0 X1 X2 X3 XaXs

INTTC1 ) "

Figure 2-25. Timing Chart for the Frequency Measurement Mode
(window gate pulse falling interrupt)
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2.8 8-bit Timer/Counter(7C3, 4,5, 6)

The TMP86CM25/S25 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. These are also available as a 16-bit timer / counter
by cascade connection.

2.8.1 Configuration

PWM mode
Overflow
- | ! ) ] :D—>|NTTC4
3~
fer211 or 1572 o Clear /_’J l_
fe/27 —>»B Y 1A Y -
> up-counter
fe25 —ic ) \—\_Lo<}— TC4S
3 —3 D S >
:dz E I \ PDO, PPG mode
s —>
fo2 —>F 16-bit |F:> Ay ﬁ)‘ﬂ Toggle
fc —|G mode B Q D o D
TCapin [_—>{H 16-bit | : >|set 004/ FWNiA
S -—:> mode Timer, event PDO4/PWMA4/
TCAM —r ‘ . —_—
\ - A counter mode —»Clear PPGA4 pin
TCAS > /
TEF4 *-I TC4CK b B Y| Timer F/F4
I TCACR ] I TTREGA " PWREG4 I PWM, PPG mode Decode
. PDO, PWM, PPG mode
1/[ 1/[ 1/[ TFF4

16-bit
mode
TC3S

Clear PWM mode n

0

INTTC3
fc/211 or /23 — (A Py
7 s "
fC/25 — z Y up-counter Overflow 16-bit mode
o PDO mode
fo/23 —>|D
" e . L O o
fc2 —IF /
fe [ N 16-bit mode Q —-DO—D
TC3pin H Timer, event Set 5T WG
S \ counter mode | >
TC3M \ ) Clear pi
TC3S -—— Timer F/F3
TC3CK

TFF3 4—-]

PWM mode PDO, PWM mode

16 bit mode

TC3CR TTREG3 PWREG3

g U U

Figure 2-26. 8 bitTimer 3,4
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)

I

PWM mode
< fl
" Quarfiow LD_—:D—> INTTCE
fa211 or fs/23 =>A 8-bit Clear /—7_1 r_
fer2? —i8 Y A Y[
] up-counter
fes2s —{c B \J—L-OQ— TC6S
3 —iD S
:"2 ‘ | > PDO, PPG mode
S >
fo2 —{F 16-bit / Ay ﬁ >—b Toggle
fc —lG mode : B Q D D
Teopin " 16-bit ¢ > Set PDOG /PWM6 /
2 mode Timer, event . Fove
TCOM e— A AS counter mode Clear PPG6 pin
TC6S -=—
Y N
Trre - l—l—> Tj:)" . _FID— Timer F/F6
TC6CR I I TTREG6 " PWREG6 I PWM, PPG mode
l céC PDO, PWM, PPG mode
H ]v[ U TFF6

16-bit

mode

TCSS

Clear \ INTTCS
fe/211 or f5/23 —>|A abit
fer27 —»B Y up-counter Overflow 16-bit mode
f¢/25 —3C
fe/23 —3|D —LI—>\
fs —E
fc2 —>»F
—_—
fc G Timer mode
S
TCSM ~— A
TC5S -—
TC5CK
TC5CR TTREGS PWREGS

Figure 2-27. 8 bitTimer5, 6
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2.8.2 Control

The timer / counter 8 is controlled by a timer / counter 3 control register (TC3CR) and two 8-bit timer
registers (TTREGS and PWREGS3).

Timer Register

TTREG3 . - . . . . .
(001Ch) | : : : : : : : | (Initial value: 1111 1111)

R/W
PWREG3 . N . M . . M .
(002Cy) [ : : : : : : ; I (Initial value: 1111 1111)
RIW

Note 1: Do not change the timer register (TTREG3) while timer/counter is operating.
Note 2: Do not change the timer register (PWREG3) while timer/counter is operating, except 8-bit PWM and
16-bit PWM mode.

Timer/ counter 3 control register

7 6 5 4 3 2 1 0
TC3CR [ TFF3 | TC3CK | | Te3s |  TC3M | | (nitial value: 0000 0000)
(00184)
. 0: Clear
TFF3 Timer F/F3 contorl 1: Set
NORMAL1/2,IDLE1/2 mode SLOW1/2, SLEEP1/2
DV7CK =0 DV7CK = 1 mode
000 fe/2" fs/23 fs/23
001 fc/2? fa/27 -
TC3CK | TC3 source clock select [H 010 fo/2? fa2? -
tHl | o1 fe/2’ fo/2? -
100 fs fs fs
101 fe/2 fc/2 - R/W
110 fc fc fc (Note8)
111 TC3 pin input

0: Stop and counter clear

TC3S TC3 start control 1: Command start

000: 8 bit timer /event counter mode

. 001: 8 bit programmable divider output (PDO) mode
TC3M TC3 operating mode select | 010: 8 bit pulse width modulation (PWM) mode

011: 16 bit mode (Mode selelction is controlled by TC4M)
1%+ 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 (TC3S = “1”—"0"), do not change TC3M, TC3CK and TFF3. But itis
possible to change TC3M, TC3CK and TFF3 at the start timing (TC3S = “0” > “17).

Note4: When used as 16-bit mode,the operating mode is selected by TC4CR<TCAM>, and TC3M should be
setto “011”.

Note 5: When used as 16-bit mode, only the source clock is selected by TC3CK, and start of operation and
control of F/F are controlled by TCACR<TC45> and TCACR<TFF4>.

Note 6: Selecting source clock depends on the operating mode, refer to Table 2-6 and 2-7 for details.
Note 7: Value of timer register depends on the operating mode, refer to Table 2-8 for details.

Note 8: When used as the SLOW and SLEEP modes, the "fs” of TC3 source clock can use only “fc warming-up
counter ” mode.

Figure 2-28. 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

TTREGA 7 6 5 4 3 2 1 0
(001Dy) | s ; ; : ; ; ; | Gnitial value: 1111 1111)
RIW

PWREGA 7 6 5 4 3 2 1 0
(002Dy) | ; : ; ; ; ; ; | Gnitial value: 1111 1111)
RIW

Note 1: Do not change the timer register (TTREG4) while timer/counter is operating.

Note2: Do not change the timer register (PWREG4) while timer/counter is operating, except 8-bit PWM and
16-bit PWM mode.

Timer/ counter 4 control register

7 6 5 4 3 2 1 0
TCACR [ TFF4 | ,TCACK | | TCas | L TCAM | | (nitial vatue: 0000 0000)
(0019y)
. 0: Clear
TFF4 Timer F/F4 contorl 1: set
NORMAL1/2,IDLE1/2 mode SLOW1/2, SLEEP1/2
DV7CK=0 DV7CK =1 mode
000 fg2" fs/23 fs/23
001 fa/2? fa/2? -
TCACK | TC4 source clock select [Hz] | 010 fo/2? fa2® -
011 fe/23 fu23 -
100 fs fs fs
101 fa/2 fc/2 -
110 fc fc -
111 TC4 pin input W

0: Stop and counter clear

TC4S TC4 start control 1: Command start

000: 8bittimer/event counter mode

001: 8 bit programmable divider output (PDO) mode

010: 8bit pulse width modulation (PWM) mode

011: reserved

100: 16 bit timer/ event counter mode

101: Warming-up counter mode

110: 16 bit programmable divider output (PDO) mode

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

TC4AM TC4 operating mode select

Note 1: fc;High-frequency clock[Hz], fs;Low frequency clock [Hz]
Note 2: During TC4 operation, do not change TC4M, TC4CK 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 (TC4S = “0" - “1”).

Noted4: When TC4AM is selected to “1x+” (16-bit mode), the source clock is automatically selected to the over-
flowing signal of TC3 counter.

Note 5: When used as 16-bit mode,the operating mode is selected by TC4M, and TC3CR<TC3M> should be
setto "011”.

Note 6: When used as 16-bit mode, only the source clock is selected by TC3CR<TC3CK>, and start of
operation and control of FIF are controlled by TC4S and TFF4.

Note 7:  Selecting source clock depends on the operating mode, refer to Table 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.

Figure 2-29. 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 (TTREG5 and PWREGS).

Timer Register

TTREGS 7 6 s 4 3 2 1 o0
(001E,) | ; ; ; ; ; ; : | (nitial value: 1111 1111)
RAW

PWREGH - - . - - - -
(002Ey) [ : : : : : : : I (Initial value: 1111 1111)
R/W

Note 1: Do not change the timer register (TTREGS) while timer/counter is operating.

Note 2: Do not change the timer register (PWREGS5) while timer/counter is operating, except 16-bit PWM
mode.

Timer/ counter 5 control register

6 5 4 3 2 1 0
TC5CR TC5CK | [ Tess |  TC5M | | Onitial value: 000 0000)
(001AR)
NORMAL1/2,IDLE1/2 mode SLOW1/2, SLEEP1/2
DV7CK=0 DV7CK =1 mode
000 fo2" fs/23 fs/23
001 fe/27 fe/2? -
TC5CK | TCS source clock select [Hz] 010 fo/2? fe/2® -
on fe/23 f/23 -
100 fs fs fs
101 fe/2 fo/2 -
110 fc fc fc (Note8) | paw
11 reserved

0: Stop and counter clear
1: Command start

000: 8 bit timer mode

001: reserved

TC5M TCS operating mode select | 010: reserved

011: 16 bit mode (Mode selelction is controlied by TC6M)
1+ reserved

TC5S TCS start control

Note 1: fc;High-frequency clock[Hz], fs;Low frequency clock [Hz]
Note 2: During TC5 operation, do not change TC5M and TC5CK .

Note 3: When TC5 operation is stopped (TC5S = “1”—"0"), do not change TC5M and TC5CK. But it is possible
to change TC5M and TC5CK at the start timing (TC5S = “0"—>"1").

Note 4: When used as 16-bit mode, the operating mode is selected by TC6CR<TC6M>, and TC5M should be
setto "011”,

Note 5: When used as 16-bit mode, only the source clock is selected by TC5CK, and start of operation and
control of FIF are controlled by TC6CR< TC65> and TC6CR<TFF6>.

Note 6: Selecting source clock depends on the operating mode, refer to Table 2-6 and 2-7 for details.
Note 7: Value of timer register depends on the operating mode, refer to Table 2-8 for details.

Note 8: When used as the SLOW and SLEEP modes, the “fs” of TC5 source clock can use only "fc warming-up
counter “ mode.

Figure 2-30. 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

TTREG6 _ . ' ‘ . ' .
(001F,) | : z s z s : : | Gnitial value: 1111 1111)
RIW

PWREG6 : : : i : i :
(002Fy) I : z : : s : : | (nitial value: 1111 1111)
RIW

Note 1: Do not change the timer register (TTREG6) while timer/counter is operating.

Note 2: Do not change the timer register (PWREG6) while timer/counter is operating, except 8-bit PWM and
16-bit PWM mode.

Timer/ counter 6 control register

7 6 5 4 3 2 1 0
TC6CR [ TFF6 | ,TC6CK | | Tces | , TC6M | (nitial value: 0000 0000)
(001By)
. 0: Clear
TFF6 Timer F/F6 contorl 1: Set
NORMAL1/2,IDLE1/2 mode SLOW1/2, SLEEP1/2
DV7CK=0 DV7CK =1 mode
000 fe/2" - fs/23 fs/23
001 fa/2? fe/27 -
TC6CK | TC6 source clock select [Hz] | 910 fa/2? fo/2? -
o1 fc/23 fe/23 -
100 fs fs fs
101 fa/2 fc/2 -
110 fc fc -
111 TC6 pininput RW

0: Stop and counter clear

TC6S TC6 start control 1: Command start

000: 8bittimer/event counter mode

001: 8 bit programmable divider output (PDO) mode

010: 8 bit pulse width modulation (PWM) mode

011: reserved

100: 16 bit timer/event counter mode

101: Warming-up counter mode

110: 16 bit programmable divider output (PDO) mode

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

TCOM TC6 operating mode select

Note 1; fc;High-frequency clock[Hz], fs;Low frequency clock [Hz]
Note 2: During TC6 operation, do not change TC6M, TC6CK and TFF6.

Note 3: When TC6 operation is stopped (TC6S = "1” — “0”), do not change TC6M, TC6CK and TFF6. But it is
possible to change TC6M, TC6CK and TFF6 at the start timing (TC6S = “0” ~» "1”).

Note 4: When TC6M is selected to “1x+” (16-bit mode), the source clock is automatically selected to the over-
flowing signal of TC5 counter.

Note 5: When used as 16-bit mode,the operating mode is selected by TC6M, and TC5CR< TC5M> should be
setto "011”,

Note6: When used as 16-bit mode, only the source clock is selected by TC5CR<TC5CK>, and start of
operation and control of F/F are controlled by TC6S and TFFé.

Note 7: Selecting source clock depends on the operating mode, refer to Table 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: If there is no need to use PWM6 / PDO6 / PPG6 as window gate pulse of TC1, always write “0” to
TC60UT.

Figure 2-31. 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)

fa2" TG
Operating Mode .. _ or fer27 fe/25 fa/23 fs fc/2 fc pin
fs/23 input
8-bit Timer O O O O - - - -
8-bit Event Counter - - _ - - - — ®)
8-bitPDO O O O @) - - - -
8-bit PWM O O O O O @) O -
16-bit Timer O O O o | - - - —
16-bit Event Counter - - - - — — - o)
Warming-up Counter - - - - O - - _
16-bit PWM O O o) O o | o O O
16-bit PPG O ©) O O — — — O

Note 1: For 16-bit operation (16-bit Timer/Event Counter, 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)

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

fe2" ' TCi
Operating Mode or fc27 | fu2s | fy23 fs fc/2 fc  |pin
fs/23 input
8-bit Timer O - - — — - - -
8-bit Event Counter — - - - - - - ‘O
8-bit PDO O - - - - - - -
8-bit PWM O - - - O - - -
16-bit Timer O — - — - - - -
16-bit Event Counter - - - - - — - O
Warming-up Counter - - — — - -— O —
16-bit PWM ) — - - O - — 0)
16-bit PPG O - - - — - - @)

Note 1: For 16-bit operation (16-bit Timer/Event Counter, 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)

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 = (TTREGS, 5) = 65535

fc Warming-up Counter

256 = (TTREG4, 3) = 65535, 256 = (TTREGS6, 5) = 65535

16-bit PWM

2 = (PWREG4, 3) = 65534, 2 = (PWREGS, 5) = 65534

16-bit PPG

1 = (PWREG4, 3) < (TTREG4, 3) = 65535 and (PWREG4, 3) + 1 < (TTREG4, 3)
1 = (PWREGS, 5) < (TTREGS6, 5) = 65535 and (PWREGS, 5) + 1 < (TTREGS, 5)

Note: n=3tob6
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2.8.3 Function

Timer/Counter 3, 4, 5 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 output mode, 16-bit programmable pulse
generator output mode.

16-bit timer mode can use Timer counter 3 and 4 (5, 6) by cascade connection.

(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 1: In the timer mode, always write TGCR<TFFj> to “0”. If TFFj is set to “1”, unexpected pulse
may be output from PDOj/ PWMj / PPGj pin.

Note 2: In the timer mode, do not change the setting of timer registers (TTREGi) while timer/counter
is operating. Since TTREGI is configured as one-stage register, a newly set value is
immediately reflected on the timer register.

Note3: j=3,4,6 i=3to6

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

Source clock . Resolution Maximum time setting
NORMAL1/2, IDLE1/2 modes
SLOW1/2, SLEEPA/2 | At fc = 16 MHz | Atfs=32.768 kHz | At fc= 16 MHz | At fs = 32.768 kHz

DV7CK=0 DV7CK =1 modes

fc/2" [Hz] fs/2%[Hz] fs/2® [Hz) 128 [us) 24414 [us] 32.6 [ms] 62.3 [ms]
fc/27 fc/12’ - 8 [us] - 2.0 [ms] -

fe/25 fe/ 28 - 2 [ps] - 510  [es] -

fc/2? fes 23 - 500 [ns] - 127.5 [uws] -

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

LDW (TTREG4), 0AH ;  Sets the timer register (80 us+ 2"/fc=0Ag)

DI

SET (EIRH).EF11 ;  Enables INTTC4 interrupt

EI

LD (TC4CR),00010000B ;  Sets the 8-bit timer mode and source clock (fe/27)

LD (TC4CR),00011000B ;  Starts TC4

TC4CR<TCAS > ' . I___

internal

source clock ! “I I I l I | I l I li :
] 1
]

(¢ | S }
Counter 0 X1X2X3)¢’ Xn=1XnX0 1X2)<’ Xr -1 Xn X0 1)@?( 0
1
H I (
1 LY

TTREG4A  ? n 0 « Q

¢
)

1

1

1

Match detect Counter clear » Match detect Counter clear|

1

INTTC4 !

{¢ {4
1 4

Figure 2-32. 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 TCj pin input. The contents of TTREGj are
compared with the conténts of up-counter. If a match is found, an INTTCj interrupt is generated, and
the counter is cleared. The maximum applied frequency is fc/24 [Hz] in NORMAL1/2 or IDLE1/2 mode
and fs/24 [Hz] in SLOW1/2 or SLEEP1/2 mode. Two or more machine cycles are required for both the
“H” and “L” levels of the pulse width.

Note 1: In the event counter mode, always write TCJCR<TFFj> to “0”. If TFFj is set to “1”,
unexpected pulse may be output from PDOj / PWM] / PPGj pin.

Note 2: In the event counter mode, do not change the setting of timer registers (TTREGj) while
timer/counter is operating. Since TTREG] is configured as one-stage register, a newly set
value is immediately reflected on the timer register.

Note3: j=3,4,6

TCACR<TCAS>
—] I
1
TC4 pin input Ilu'l'l ’ll““l'”lllll'lll:ll I
1 [}
[}

: | [} [} 1 | | } ] I | | 1

1 ]
Counter 0 X sz OO EH DOOEE 0
1
! (¢ (

TTREGA ? >( n o o | ot 0

)] )]
1
: Match detect! Counter Match Counter
INTTC4 ] clear detect clear

————f ey

(3)

Figure 2-33. Event Counter Mode Timing Chart (In Case of Timer/Counter 4)

8-bit Programmable Divider Output (PDO) Mode (Timer/Counter 3, 4 and 6)

The internal clock is used for counting up. The contents of TTREG]j are compared with the contents of

‘the up-counter. Timer F/Fj output is toggled and the counter is cleared each time a match is found.

Timer F/Fj outputis inverted and output to the PDOj 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/Fj can be
initialized by program, and it is initialized to “0” during reset. An INTTC]j interrupt is generated each
time the PDOj output is toggled.

Example: Output a 1024 Hz pulse (at fc = 16 MHz, MULSEL<MUL2> = “0”, in case of TC4)

SET (P3DR). 2 ; P32 output latch « 1
LD (TTREG4), 7TAH i (1/1024+27/fc) +2=TAg
LD (TC4CR),00010001B ;  Sets the 8-bit PDO mode and source clock (f¢/27)

LD (TC4CR),00011001B ;  Starts TC4

Note 1: In the programmable divider output(PDO) mode, do not change the setting of timer
registers (TTREGj) while timer/counter is operating. Since TTREG] is configured as one-stage
register, a newly set value is inmediately reflected on the timer register.

Note 2: If PDO output is stopped during output operation, the output state is maintained at the
state immediately before timer/counter is stopped. For changing the level of PDOj pin,
modify TGCR<TTFj> after timer/counter has been stopped. Do not execute halt of
timer/counter and modification of TFFj simultaneously.

Example: Fixes PDOj output at high level after timer/counter is stopped
CLR (TCjCR).3 ,; Stopstimer/counter.
CLR(TCjCR).7 ; Sets PDOj output to high level output

Note 3: j=3,4,6
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(4)

8-bit 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 PWREGi are compared with the contents of up-counter. If a match is found, the timer F/Fi
output is toggled. The counter continues counting. And, when an overflow occurs, the timer F/Fi
output is again toggled and the counter is cleared. Timer F/Fi output is inverted and output to the
PWM i pin. An INTTCi interrupt is generated when an overflow occurs.

In PWM mode, because PWREGI becomes a 2-stage registers with shift register, it is possible to change

the setting value of PWREGI while timer/counter is operating. Therefore, output can be altered
continuously. The shift operation of PWREGI to shift register is executed at the INTTCi timing, While
timer/counter is operating, the data by read instruction is not a setting value of PWREGi but a value of
shift register. Thereofre, after writing to PWREGI, the reading data of PWREGI is previous value till
INTTCi is generated.

While timer/counter stops, written value to PWREGi is shifted to shift register immediately.

Note 1: In PWM mode, write to the timer register PWREGi immediately after an INTTCi interrupt is
generated (normally during the INTTCj interrupt service routine). If writing to PWREGI and
INTTCi interrupt occur at the same time, the unstable value being written is shifted. This may
cause pulses different from the set value to be output until the next INTTCi interrupt is
generated.

Note 2: If PWM output is stopped during output operation, the output state is maintained at the
state immediately before timer/counter is stopped. For changing the level of PWMi, modify
TCiICR<TTFi> after timer/counter has been stopped. Do not execute halt of timer/counter
and modification of TFFi simultaneously.

Example: Fixes PWMi output at high level after timer/counter is stopped
CLR(TCiCR).3 ; Stopstimer/counter.
CLR(TCiCR).7 ; Sets PWMi output to high level output

Note 3: Before starting STOP mode, disable PWM output. When the timer/counter is enabled and fc,
fc/2 or fs is selected as the source clock, pulse is output from PWM pin during warming-up
after releasing STOP mode.

Note4: i=3,4,6
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Table 2-10. PWM Output Mode

Source clock Resolution Maximum setting time

NORMAL/2, IDLEV2mode | SLOW1/2,SLEEP12 | ¢ _1amuz | -fs=32768KkHz | fc=16MHz | fs=32.768kHz
DV7CK=0 DV7CK =1 mode

fe/2' [Hz) fs/2® [Hz} 5/2% [Hz] 128  [us] 244.14 [us] 32.8 [ms] 62.5 [ms]

fg2’ fe/27 - 8 [us] - 2.05 [ms] -

fe/28 fe/28 - 2 [l - 512 [us] -

fa2? fe/23 - 500 [ns] - 128 [15] -

fs fs fs 30.5 [us) 30.5 [us] 7.81 [ms] 7.81 [ms}

fc/2 f/2 - 125 [ns] - 32 [} -

fc fc - 62.5 [ns] - ’ 16 [1s] -

(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 cascade 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 timer register should write to the TTREG3 more first
than TTREG4. The timer register must not write only either TTREG3 or TTREGA4.

b. 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 TTREGS5 more first
than TTREG6. The timer register must not write only either TTREG5 or TTREGS.

Note 1: In the timer mode, always write TCJCR<TFFj> to “0”. If TFFj is set to “1”, unexpected pulse
may be output from PDOj / PWMj | PPGj pin.

Note 2: In the timer mode, do not change the setting of timer registers (TTREGi) while timer/counter
is operating. Since TTREGI is configured as one-stage register, a newly set value is
immediately reflected on the timer register.

Note3: j=3,4,6 i=3to6

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

Source clock Resolution Maximum setting time
NORMAL1/2, IDLE1/2 mode
SLOW1/2, SLEEP/2 | A fc= 16 MHz | Atfs=32.768KHz | Atfc=16MHz | Atfs=32.768 kHz

DV7CK=0 DV7CK =1 mode

fe/2" fs/23 [Hz] fs/23 128 [us] 244.14 [us) 8.39 [s] 16 [s]

fe/2’ fe/2? - 8 [us] - 5243 [ms] -

fc/23 fe/28 - 2 [ps) - 131.1 [ms] -

fe/23 fe/2° - 500 [ns] - 32.8 [ms] -

Example: Set the 16-bit timer mode with source clock fc/27 [Hz] and generates an interruput 300 [ms]
later (at fc=16 [MHz])

LDW (TTREG3),927CH  ; Setsthe timer register (300 ms+27/fc=927Cy)

DI

SET (EIRH).EF11 ;  Enable INTTC4 interrupt

El

LD (TC3CR),13H ;  Sets the 16-bit timer mode (lower) and source clock
LD (TC4CR), 04H ;  Sets the 16-bit timer mode (upper)

LD (TC4CR),0CH ;  Starts timer/counter
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Figure 2-36. 16-bit Timer Mode Timing Chart (In Case of Timer/Counter 3 and 4)
(6) 16-bit Event Counter Mode (Timer/counter 3 and 4)

7)

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 maximum applied
frequency is fc/24 [Hz] in NORMAL1/2 or IDLE1/2 mode and fs/24 [Hz] in SLOW1/2 or SLEEP1/2
mode. Two or more machine cycles are required for both the “H” and “L” levels of the pulse width.
The timer register should write to the TTREG3 more first than TTREG4. The timer register must
not write only either TTREG3 or TTREG4.

Note 1: In the event counter mode, always write TCjCR<TFFj> to “0”. If TFFj is set to “1”,
unexpected pulse may be output from PDOj / PWMj | PPGj pin.

Note 2: In the event counter mode, do not change the setting of timer registers (TTREGj) while
timer/counter is operating. Since TTREG;j is configured as one-stage register, a newly set
value is immediately reflected on the timer register.

Note 3: j=3,4

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 PWM output mode by cascade connection.

a. 16 bit PWM output mode of Timer/counter 8 and 4

The contents of PWREGS3/4 are compared with the contents of up-counter. If a match is found, the
timer F/F4 output is toggled. The counter continues counting. And, when an overflow occurs, the
timer F/F4 output is again toggled and the counter is cleared. Timer F/F4 output is inverted and
output to the PWM4 pin. An INTTC4 interrupt is generated when an overflow occurs. When used as
PWMA pin, respective output latch should be set to “1”. In PWM mode, because PWREG4/3 each
becomes a 2-stage registers with shift register, it is possible to change the setting value of
PWREG4/3 while timer/counter is operating. Therefore, output can be altered continuously. The
shift operation of PWREG4/3 to shift register is executed at the INTTC4 timing. While
timer/counter is operating, the data by read instruction is not a setting value of PWREG4/3 but a
value of shift register. Therefore, after writing to PWREG4/3, the reading data of these registers is
previous value till INTTC4 is generated.

While timer/counter stops, written value to PWREG4/3 is shifted to shift register immediately.
When writing to PWREG4/3, always write to the lower side (PWREG3) and then the upper side
(PWREG4) in that order. Writing to only lower side (PWREG3) or the upper side (PWREG4) has no
effect.
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b.

16 bit PWM output 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/F6 output is toggled. The counter continues counting. And, when an overflow occurs, the
timer F/F6 output is again toggled and the counter is cleared. Timer F/F6 output is inverted and
output to the PWMS6 pin. An INTTC6 interrupt is generated when an overflow occurs. When used as
PWMBG pin, respective output latch should be set to “1”. In PWM mode, because PWREG#6/5 each
becomes a 2-stage registers with shift register, it is possible to change the setting value of
PWREG6/5 while timer/counter is operating. Therefore, output can be altered continuously. The
shift operation of PWREG®6/5 to shift register is executed at the INTTC6 timing. While
timer/counter is operating, the data by read instruction is not a setting value of PWREG®6/5 but a
value of shift register. Therefore, after writing to PWREG®6/5, the reading data of these registers is
previous value till INTTCS is generated.

While timer/counter stops, written value to PWREG®6/5 is shifted to shift register
immediately.When writing to PWREG®6/5, always write to the lower side (PWREGS5) and then the
upper side (PWREG®6) in that order. Writing to only lower side (PWREGS5) or the upper side
(PWREGS®) has no effect.

Note 1:

Note 2:

Note 3:

In PWM mode, write to the timer register PIWREGm,n immediately after an INTTCm interrupt
is generated (normally during the INTTCm interrupt service routine). If writing to PWREGm,
n and INTTCm interrupt occur at the same time, the unstable value being written is shifted.
This may cause pulses different from the set value to be output until the next INTTCm
interrupt is generated.
If PWM output is stopped during output operation, the output state is maintained at the
state immediately before timer/counter is stopped. For changing the level of PWMi, modify
TCiCR<TTFi> after timer/counter has been stopped. Do not execute halt of timer/counter
and modification of TFFi simultaneously.
Example: Fixes PWMi output at high level after timer/counter is stopped
CLR(TCiCR).3 ; Stopstimer/counter
CLR(TCiCR).7 ; Sets PWMi output to high level output
Before starting STOP mode, disable PWM output. When the timer/counter is enabled and fc,
fc/2 or fs is selected as the source clock, pulse is output from PWM pin during warming-up
after releasing STOP mode.

Noted4: m=4andn=3, orm=6andn =5.

Table 2-12. 16-bit PWM Output Mode
Source clock Resolution Maximum setting time
NORMAL1/2, IDLE1/2 mode
SLOW1/2, SLEEPV/2| oy ¢ _ 16 MHz | Atfs=32.768kHz | Atfc=16MHz | Atfs=32.768 kHz
DV7CK =0 DV7CK = 1 mode
fe/2" fs/2®  [Hz}] fs/23 128  [us) 244.14 {us] 8.39 [s] 16 [s]
fe/27 fe/2’ - 8 [us] - 524.3 [ms] -
fes25 fe/2° - 2 [us) - 131.1  [ms] -
fe/23 /23 - 500 [ns) - 32.8 [ms) -
fs fs fs 30.5 [s] 30.5 [us] 2 s] 2 [s]
fc/2 fc/2 - 125 [ns] - 8.2 [ms] -
fc fc 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, MULSEL<MUL2> = “0”, DVICK =0)
SET (P3DR).2 ;  Sets P32 output data latch to “1”
LDW(PWREGS3),07DOH ; Setspulse width

LD (TC3CR), 33H ;  Sets the 16-bit PWM mode (lower) and source clock (fc/23)
LD (TC4CR),0D6H  ; Setsthe TFF4 to “1” and sets the 16-bit PWM mode (upper)
LD (TC4CR),0DEH ; Startstimer/counter
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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/F4 output is toggled. Next, timer F/F4 is again toggled and the counter is cleared by
matching with TTREG3/4. The INTTC4 interrupt is generated at this time.

When used as PPG4 pin, respective output latch should be set to “1”. During reset, the F/F4 is
initialized to “0”.

The F/F4 output is configured by TC4CR<TFF4>. 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/TTREGS or
PWREG4 /TTREGA4.

b. 16 bit PPG output mode of Timer/counter 5 and 6

First, the contents of PWREG5/6 are compared with the contents of up-counter. If a match is found,
the timer F/F6 output is toggled. Next, timer F/F6 is again toggled and the counter is cleared by
matching with TTREG5/6. The INTTC6 interrupt is generated at this time.

When used as PPG6 pin, respective output latch should be set to “1”. During reset, the F/F6 is
initialized to “0”.

The F/F6 output is configured by TC6CR<TFF6>. 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 PWREG5/TTREGS5 or
PWREG6/TTREGS.

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 MHz, DV7CK =0)

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

LDW (PWREGS3),07DOH ; Sets pulse width

LDW (TTREGS3), 8002H ;  Sets pulse term

LD (TC3CR),33H ;  Sets the 16-bit PPG mode (lower) and source clock (fc/23)
LD (TC4CR),0D7H ;  Sets the TFF4 to “1” and sets the 16-bit PPG mode(upper)
LD (TC4CR),0DFH ; Starts timer/counter

Note 1: In the programmable pulse generate (PPG) mode, do not change the setting of timer
registers (PWREGI, TTREGI) while timer/counter is operating. Since PWREGI, TTREGi are
configured as one-stage register, a newly set value is immediately reflected on the timer
register.

Note 2: If PPG output is stopped during output operation, the output state is maintained at the state
immediately before timer/counter is stopped. For changing the level of PPGj, modify
TCiICR<TTFi> after timer/counter has been stopped. Do not execute halt of t:mer/counter
and modification of TFFj simultaneously.

Example: Fixes PPGjoutput at high level after timer/counter is stopped
CLR(TCjCR).3 ,; Stopstimer/counter
CLR(TCjCR).7 ; Sets PPGj output to high level output
Note3: j=4,6 i=3to6
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Warming-up counter mode

In this mode, the warming-up period for switching the main system clock can be generated.
Timer/counter 3 and 4 (5 and 6) are used as a 16-bit timer by cascade connection.

There are 2 modes in warming-up counter mode, one is a mode from NORMAL to SLOW and the other is
a mode from SLOW to NORMAL.

Note3: i=3,4,6

Note 1: In the warming-up mode, always write TCICR<TFFi> to “0”. If TFFi is set to “1”, unexpected
pulse may be output from PDOi/ PWMi / PPGi pin.

Note 2: In the warming-up mode, the lower 11 bits of TTREGm,n are ignored and an interrupt is
generated by matching the upper 5 bits.

m=4andn=3,orm=6andn=5

a. Warming-up counter mode for low-frequency (NORMAL1—NORMAL2—SLOW2—SLOW1)

In this mode, it can obtain the warming-up period till the oscillation for low-frequency (fs) is

stabilized.

Before timer/counter is started, turn on low-frequency oscillation by setting SYSCR2<XTEN > to

“1 »
.

After timer/counter is started by setting TCmCR<TCmS>, the contents of TTREGm,n are
compared with the contents of up-counter. If a match is found, an INTTCm interrupt is generated
and the counter is cleared to “0”.

In the interrupt service program, stop the timer/counter and change the system clock to low-
frequency clock by setting SYSCR2<SYSCK > to “1”.

After that, halt the high-frequency oscillation by clearing SYSCR2<XEN > to “0”.

Table 2-13. Warming-up period for low-frequency oscillation

(at fs =32.768 kHz)

Min (at TTREGm, n = 0800H) Max (at TTREGm, n = F800H)

62.5ms 1.945s

Example: Switching to the SLOW1 mode after low-frequency clock has stabilized by using TC4, 3.

SET
LD
LD
LD
DI
SET
EI
SET

PINTTC4: CLR
SET

CLR
RETI

VINTTC4: DW

(SYSCR2).6 ; SYSCR2<XTEN > «“1”
(TC3CR), 43H ; TFF3=“0", fs for source clock, sets 16-bit mode
(TC4CR), 05H ; TFF4=“0", sets warming-up counter mode
(TTREGS), 8000H ; sets warming-up time (depend on oscillator characteristics)
; IMF « “0”
(EIRH).3 ; Enables INTTC4
; IMF «“1”
(TC4ACR). 3 ; Starts TC4, 8
(TC4CR).3 ; Stops TC4, 3
(SYSCR2).5 ; SYSCR2<SYSCK > «“1”
(Switches the main system clock to the low-frequency clock)
(SYSCR2).7 ; SYSCR2<XEN> « “0” (Turns off low-frequency oscillation)
PINTTC4 ; INTTC4 vector table
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b. Warming-up counter mode for high-frequency(SLOW1—SLOW2—NORMAL2—NORMAL1)

In this mode, it can obtain the warming-up period till the oscillation for high-frequency (fc) is
stabilized.

Before timer/counter is started, turn on high-frequency oscillation by setting SYSCR2<XEN> to
“1”,

After timer/counter is started by setting TCmCR<TCmS>, the contents of TTREGm,n are
compared with the contents of up-counter. If a match is found, an INTTCm interrupt is generated,
and the counter is cleared to “0”.

In the interrupt service program, stop the timer/counter and change the system clock to high-
frequency clock by clearing SYSCR2<SYSCK > to “0”.

After that, halt the low-frequency oscillation by clearing SYSCR2<XTEN > to “0”.

Table 2-14. Warming-up period for high-frequency (at fc = 16 MHz)

Min (at TTREGm, n = 0800H) Max (at TTREGm, n = F8O0H)

128 us 3.97 ms

Esample: Switching to the NORMAL1 mode after high-frequency clock has stabilized by using TC4, 3.

SET (SYSCR2).7 ; SYSCR2<XEN> «“1”
LD (TC3CR), 63H ; TFF3=“0", fc for source clock, sets 16-bit mode
LD (TC4ACR), 05H ; TFF4=“0", sets warming-up counter mode
LD (TTREG3), 0F800H ; Sets warming-up time (depend on oscillator characteristics)
DI ; IMF « “0”
SET (EIRH).3 ; Enables INTTC4
EI ; IMF «“1”
SET (TC4CR).3 ; Starts TC4, 3
PINTTC4: CLR- (TC4CR).3 ; Stops TC4, 3
CLR (SYSCR2).5 ; SYSCR2<SYSCK > «“0”
(Switches the main system clock to the high-frequency clock)
CLR (SYSCR2).6 ; SYSCR2<XTEN > «“0”
(Turns off high-frequency oscillation)
RETI
VINTTC4: DW  PINTTC4 ; INTTC4 vector table
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2.9 UART (Asynchronous serial interface)

The TMP86CM25/525 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.

2.9.1 Configuration

4 U i)

UART control register!  Transmit data buffer - Receive data buffer
UARTCR1 | | Tosur | RDBUF
L
) ¥ ——il
V. « . H 3
13 12 . Shiftregister | |
L] 7 —;;l 1! I
_ Parity bit |
<—':{/ B Stop bit
Transmit | i Shift register ]_ Receive
INTTXD - control control
circuit circuit

—-LNoise rejection circuit I——D RxD

\ A A
INTRXD —_DT\ ] ™0
. Y
Transmit/receive clock M A< fes28
A A B 1 P8 fu/2’
s E X ez
fc/13 H— A : |, , ]
fd26  »iig ' A2 44 b
f52  >ec : \ 12
;Z;gg >Ho v—>| Counter I ! UARTSR UARTCR2
>_L. E ]
fc/416 >_:L 3 X E UART status register UART control register2
INTTC5 >Hg ; @ ﬁ
199 21| soud rate generator |

Note: MPX =Multiplexer

Figure 2-39. UART
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2.9.2 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 o0
voeey [Txe [ Rxe [st87 [even] pe | BRG | | (Initial value: 0000 0000)

000: fc/13 [Hz]
001: fc/26

010: fc/52

011: f/104

100: fc/208

101: fc/416

110: TC5(INTTCS)
111: fc/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

1 bit
2 bit
: Disable
: Enable

: Disable
: Enable

- O

STBT Transmit stop bit length

RXE Receive operation

-0

4

TXE Transfer operation

Note 1: When operations are disabled by setting UARTCR1<TXE> and UARTCR1<RXE> bitto "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 not 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.

Note 3: RXE and TXE should be set to "0" before BRG is changed.

7 6 5 4 3 2 1 0

(002600 b L RXQNC [sTPBR] (nitial value: +ses +000)

0: 1bit

STOPBR [ Receive stop bit length 1: 2 bit

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

11: Rejects pulses shorter than 127/f¢ [s] as noise

RxDNC

Note: When UARTCR2<RxDNC> = "01”, pulses longer than 96/fc [s] are always regarded as signals ; when
UARTCR2<RxDNC> = "10”, longer than 192/fc [s] ; and when UARTCR2 <RxDNC> = "11”, longer than
384/fc [s]

Figure 2-40. UART Control Register
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6 5 4 3 2

UARTSR
(0025y) | PERR | FERR | OERR | RBFL | TEND| TBEP |

i (Initial value: 0000 11x#)

TBEP | Transmit data buffer empty flag ? ;::::::: g::: gzg:: :\:;Ipty (Twagﬁr;sasr;{'\tll?:? ;Sugcgrr;‘earggﬂ'y)
TEND | Transmitend flag (1) ;::::ﬁ::térr:g
RBFL | Receive data buffer full flag ? 2:2:::: g::: gﬂ;;:: zmpty Read
OERR | Overrun error flag (1) g:etnr::;r:?rziror only
FERR | Framing error flag ? Er::r:iar:;izgs:mr
PERR | Parity error flag ? y:rgsrei:{:r"or
UART receive data buffer (Initial value: 0000 0000) Read-only
RDBUF 6 5 4 3 2 0
©OFogy) . ]
UART transmit data buffer (Initial value: 0000 0000) Write-only
TDBUF 7 6 5 4 3 2 0
(OF9By) | , , . , . . L
Figure 2-41. UART status register and Data Buffer Registers
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2.9.3 Transfer Data Format

In UART, a one-bit start bit (low level) , stop bit (bit length selectable at high level, by
UARTCR1 <STBT>, and-parity (select parity in UARTCR1<PE> ; even-or odd-numbered parity by
UARTCR1<EVEN > are added to the transfer data. The transfer data formats are shown as follow.

Table 2-15. Transfer Data Format

PE STBT Frame length
|1]2|3| ------- |8|9|1o|11|12|

0 o [ T\ Lstert [Ceito XTeitt X=----X B X Bit7_Y Stopi

0 1 T\ stert (a0 Xt X=---- Y Bie X B Y Stop1  Stop2

1 o || T\ stert {Taito X Bitt X=----X Bite_X_Biz_X Parity ¥ Stopi

1 1| \Stert (B0 YCeitt Y=---- X Bite X _Bit7 X Parity Y Stop! _ 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

= N\,

With parity / 1 STOP bit Without parity /2 STOP bit

AN )/

With parity /2 STOP bit

86CM25-84 2001-04-02




TOSHIBA Under Development TMP86CM25/525

2.9.4 Transfer Rate
The baud rate of UART is set of UARTCR1 <BRG>. The example of the baud rate shown as follows.
Table 2-16. Transfer Rate

Sourse clock
BRG
16 MHz 8 MHz 4 MHz
000 76800 [baud] 38400 [baud] 19200 [baud]
“oor || 38400 [ Te00 [T 9600
Toto || 19200 | ee00 | " ago0
Tott | 9600 | as00 | 200
100 || ago0 | "2s00 |7 1200
01 [T 2400 [TTTh200 T 600

When TC5 is used as the UART transfer rate (when UARTCR1 <BRG > =“110"), the transfer clock and
transfer rate are detarmined as follows:

TC5 source clock

Transfer clock =
erclo TTREGS set value
Transfer clock
Transfer rate = 6

2.9.5 Data Sampling

The UART receiver keeps sampling input using the clock selected by UARTCR1 <BRG> 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(s), and parity bit are sampled at three times of RT7, RTS8, 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 Bit0
RTO 1 2 3 45 6 7 8 9 1011121314150 1 2 3 4 5 6 7 8 9 10 11
RT clock
||
internal receive data \ Start bit l l l A Bit0 Y ¥

a) Without noise rejection circuit

RxD pin | \ Start bit A Bit0 )C:

RTO 1 2 3 45 6 7 89 1011121314150 1 2 3 4 5 6 7 8 9 10 11

RT clock

| | |
Internal receive data \ Start bit l l l A Bit0 Yy VY

b) With noise rejection circuit

Figure 2-42. Data Samping

2.9.6 STOPBitLength
Select a transmit stop bit length (1 or 2 bits) by UARTCR1 <STBT>.
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2.9.7

2.9.8
(1

(2)

299
(1

Parity

Set parity/no parity by UARTCRI <PE>; set parity type (odd-or even-numbered) by UARTCR1
<EVEN>,

Transmit/ Receive
Data transmit

Set UARTCRI<TXE> to “1”. Read UARTSR to check TBEP=%1", then write data in TDBUF
(transmit data buffer). Writing data in TDBUF zero-clears UARTSR<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 UARTCR1 <STBT> 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 UARTSR<TBEP> is set to “1” and an INTTXD
interrupt is generated.

While UARTCR1 <TXE> = “0” and from when “1” is written to UARTCR1 <TXE > to when send data
are written to TDBUTF, the TXD pin is fixed at High level.

When transmitting data, first read UARTSR, then write data in TDBUF. Otherwise, UARTSR
<TBEP> is not zero-cleared and transmit does not start.

Data receive

Set UARTCR1<RXE> 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 UARTSR
<RBFL> is set and an INTRXD interrupt is generated. Select the data transfer baud rate using bits 0
to 21in UARTCRI.

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 UARTCR1<RXE> bit to “0”, 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-receive 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 UARTSR<PERR> is set to “1”. The UARTSR<PERR > is cleared to “0” when the RDBUF is read
after reading the UARTSR.

RxD pin X Parity 7 Stop
\ \
Shift register XXXX0%* X PXXXX0% X 1pxxxx0
UARTSR<PERR> / Reading UARTSR then RDBUF
: clears PERR.
INTRXD N

Figure 2-43. Generation of Parity Error
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(2) Framing error

When “0” is sampled as the stop bit in the receive data, framing error flag UARTSR <FERR> is set to
“1”, The UARTSR <FERR > is cleared to “0” when the RDBUF is read after reading the UARTSR.

#rensucenansannavenas
RxD pin K Final bit )\ Stop
) ,
Shift register XXX0%% X xoo0s X 1xxxx0
UARTSR<FERR> /- Reading UARTSR then RDBUF
H clears FERR.
INTRXD ﬂ

Figure 2-44. Generation of Framing Error

(3) Overrun error

When all bits in the next data are received while unread data are still in RDBUF, overrun error flag
UARTSR<OERR> is set to “1”. In this case, the receive data is discarded ; data in RDBUF are not
affected. The UARTSR <OERR > is cleared to “0” when the RDBUF is read after reading the UARTSR.

RBFL="H"
RxD pin X Final bit : )’ Stop
Y
Shift register XXX0*# X xxox0s X 1xxxx0
A
RDBUF yyyy
UARTSR<OERR> , Reading UARTSR then RDBUF
: clears OERR.
INTRXD M

Figure 2-45. Generation of Overrun Error

(4) Receive data buffer full

Loading the received data in RDBUF sets receive data buffer full flag UARTSR<RBFL>. The
UARTSR <RBFL> is cleared to “0” when the RDBUF is read after reading the UARTSR.

RxD pin ‘X Final bit Y stop
\ \
Shift register XXXO*¥ X xxxx0e X 1xxxx0
Ly
RDBUF yyyy X XXXX
UARTSR<RBFL> / Reading UARTSR then RDBUF
: clears RBFL.
INTRXD M

Figure 2-46. Generation of Receive Buffer Full
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(5) Transmit data buffer empty
When no data is in the transmit buffer TDBUF, UARTSR <TBEP > is set to “1”, that is, when data in
TDBUF are transferred to the transmit shift register and data transmit starts, transmit data buffer
empty flag UARTSR<TBEP> is set to “1”. The UARTSR<TBEP> is cleared to “0” when the TDBUF
is written after reading the UARTSR.
i Data write i Data write
TDBUF XXXX K yyyy -t XZZZZ'
: \
Shift register *krrk | X 1xxxx0' X *1 XXX X:—-— x *ekk X x wxxnn] x 1yyyy0 X
~ TxD pin start | A _bio X --- x Final bit )‘ Stop \ start_| ,<
UARTSR<TBEP> _/__-\ — Y e
Afterireading UARTSR, writing
INTTXD M --- [] TDBUF clears TBEP.
Figure 2-47. Generation of Transmit Buffer Empty
(6) Transmitend flag

When data are transmitted and no data is in TDBUF (UARTSR<TBEP> =“1"), transmit end flag
UARTSR<TEND> is set to “1”. The UARTSR<TEND > is cleared to “0” when the data transmit is
stated after writing the TDBUF.

Transmit clock n rl n I-I rL rI n
H ) : )
Shift register *4% XX x ko | X *xkkk| X 1yyyy0j.x *1yyyy
: ! '
'Y ' i
TxD pin X Y stop N\ __Start K Bito
i Data writing to TDBUF * i
UARTSR<TBEP > E \ V4
i ;
UARTSR<TEND> 4 ' ;\
[}
1
INTTXD n

Figure 2-48. Generation of Transmit Buffer Empty

86CM25-88 2001-04-02




TOSHIBA | Under Development TMP86CM25/525

2.10

Serial Interface (SI00, SIO1)

The TMP86CM25/S25 have two clocked-synchronous 8-bit serial interface. Serial interface has an 8-

2.10.1

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 (S00), P15 (SI0), P17 (SCKO) and P76
(SO1), P75 (SI1), P73 (SCK1). The serial interface pins are also used as port P1 port P7. When these
pins are used as serial interface pins, the correspondence output latch should be set to “1”. In the
transmit mode, pin P15, P75 can be used as normal /O port, and in the receive mode, the pin P16, P76
can be used as normal I/0 ports.

Configuration

SIOOSR/SIO1SR  SIOOCR1/SIO1CR1 SIO0CR2/SI01CR2

SIO control / status registers

o T

A

Transmit and receive

l—\/ data buffer
(8 bytes in DBR)

| circu ] Buffer control
Control circuit circuit
Shift register
7 6 5 4 "3 2 1 0

Shift T 1 L SO0, SO1 pin
clock l L Lo ]__H:Jse"'a' data output
8-bit transfer . 4-bit transfer SI0, Si1 pin

{JSenal data input

INTSIO interrupt request Serial clock SCKO, SCK1 pin
Senal clock l/O

Figure 2-49. Serial Interfaces
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2.10.2 Control

The serial interface is controlled by SIO control registers (SIOOCR1/SIO0CR2, SIO1CR1/SIO1CR2).
The serial interface status can be determined by reading SIO status register (SIOOSR, SIO1SR).

The transmit and receive data buffer is controlled by the BUF (bits 2 to 0 in SIOOCR2, SIO1CR2). The
data buffer is assigned to address 0F90y to 0F97y, 0OFAOy to 0FA7y 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 (INTSIO0, INTSIOL) is generated.

When the internal clock is used as the serial clock in the 8-bit receive mode and the 8-bit transmit /
receive mode, a fixed interval wait can be applied to the serial clock for each word transferred. Four
different wait times can be selected with WAIT (bits 4 and 3 in SIOOCR2, SIO1CR2).

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

SIOOCR? | 5105 | 3O SIOM SCK (Initial value: 0000 0000)
INH { 1 1 1

(OF98y)

SIO1CR1 . 0: Stop

(OFA8,,) SIOS Indicate transfer start/stop 1: Start

0: Continue transfer
1: Abort transfer (automatically cleared after abort)

000: 8-bit transmit mode

010: 4-bit transmit mode

100: 8-bit transmit/receive mode
101: 8-bit receive mode

110: 4-bit receive mode

SIOINH | Continue/abort transfer

SIOM Transfer mode select

Except the above; reserved VZ;'I;E

NORMAL1/2,IDLE1/2 mode
DV7CK =0 bvrck=1 | oW, SLEEP mode

000 fe/213 fs/28 fs/28

001 fo/28 fe/28 -

SCK Serial clock select 010 fa/2? fa2? -

011 fc/28 fc/28 -

100 fe/28 fc/25 -

101 fc/24 fe/24 -

110 reserved

111 External clock (input from SCK pin)

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

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

Note 3: SIOOCR1, SIO1CR1 is write-only register, which cannot access any of in read-modify-write instruction
such as bit operate, etc.

SIO Status Registers

7 6 5 4 3 2 1 0
SIO0SR [T+ oo A A - e pererenens . .
: : : : : : Initial value: 00%* &
(OF99,) SIOF | SEF | . R ( )
SIOTSR Serial transfer operating | 0: Transfer terminated
(OFA9R) SIOF . . .
H status monitor 1: Transfer in process Read
SEF shift operating status|0: Shift operation terminated only
monitor 1: Shift operation in process

Figure 2-50. SIO Control Register and Status Register (1/2)
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SIO0CR2
(0F99y)

SIO1CR2
(OFA9y)

S10 Control Register 2

7 _.6'. 5 4 . 3 2 1 0
................................ WAIT BUF, | nitial value: #++0 0000)
Always sets “00” except 8-bit transmit/receive mode.
00: T¢ =Tp (non-wait)
WAIT Wait control 01: Ty =2Tp
10: Ts =4Tp - (wait)
11: T¢ =8Tp
SI00 SIO1 )
000: 1 word transfer | OF90, OFAOQH Write
001: 2 wordstransfer [OF30 to OF91y |OFAOy to OFA1, | ©nlY
010: 3 words transfer | OF90 to OF92, [OFAOy to OFA24
BUF Number of transfer words 011: 4 wordstransfer | OF90 to OF93, |OFAOy to OFA3y
100: 5 wordstransfer | OF90 to OF%4, | OFAOL to OFA4y
101: 6 wordstransfer | OF90 to OF95, | OFAO, to OFASy
110: 7 words transfer [OF90 to OF96y |OFAOy to OFA6y
111: 8 words transfer (OF90 to O0F97, [OFAQy to OFA7y
Note 1. Ty, frame time, Tp, data transfer time
e . h
sckpin | LT LT LTLLL LI
] ! H
= o ! !
: !
< Ts -

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

Note 3: Transmitting starts at the lowest address. Received data are also stored starting from the lowest
address to the highest address. For example, in the case of SIO, the first buffer address transmitted is
0F90y.

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

Note 5: SIOO0CR2, SIOTCR2 must be set when the serial interface is stopped (SIOF = 0).

Note 6: SIOOCR2, SIO1CR2 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 2-51. SIO Control Register and Status Register (2/2)
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(M

Serial Clock

a. Clock Source

i ~

SCK (bits 2 to 0 in SIOOCR, SIO1CR) 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 SCK0, SCK1
pin. The SCKO0, SCK1 pin goes high when transfer starts.

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

Table 2-17. Serial Clock Rate

NORMAL1/2, IDLE1/2 modes SLOW, SLEEP modes
DV7CK=0 DV7CK =1

SCK Clock Baud rate Clock Baud rate Clock Baud rate
000 fc/2% 1.91 Kbps fs/2® 1024 bps fs/2° 1024 bps
001 fe/28 61.04 Kbps fc/28 61.04 Kbps - -
010 fe/2’ 122.07 Kbps fer2? 122.07 Kbps - -
011 fe/2¢ 244.14 Kbps fe/28 244.14 Kbps - -
100 fc/28 488.28 Kbps fe/28 488.28 Kbps - -
101 fer24 976.56 Kbps fer2¢ 976.56 Kbps - -
110 - - - - - -
111 External External External

1 Kbit = 1024 bit
(fc= 16 MHz, fs = 32.768 kHz)

Automatically
| wait function I
o ——— g

SCKO, SCK1 pin output IllIIIII IIIIlIIIIIlI

SO0, SO1 pin output \ 20 X a1 X a X a3 X bo X b1 X by X b3 X < )< <1
Written t it < —_
dartla teon“:g%sgwé a X b X <

Figure 2-52. Clock Source (Internal Clock)

@ External Clock

An external clock connected to the SCKO, SCK1 pin is used as the serial clock. In this case, the P17
(SCKO), P73 (SCKI) 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.

SCKO, SCKT pin input L L1 L1 L1

i

tsckL  tscku

tseku tsckn > 41CYC Note: teyc=  4ifc(In NORAML1/2, IDLE1/2 modes)
4/fs (In SLOW, SLEEP modes)
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b. Shiftedge

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 SCK0, SCK1

pin input/output).
@ Trailing Edge

Received data are shifted on the trailing edge of the serial clock (rising edge of the SCKO0, SCK1 pin

input/output).

SCKO, SCK1 pin

SO0, SO1 pin

Shift register

$CKO, SCKT pin

SI0, Si1 pin

Shift register

I T T N

\ Bito X Bit1 X Bit2 X Bit3

X 3210 X *321 X *%32 X 443

(a) Leading Edge

L+ Lt Lt L_f

X BfitO X Bit1 X Bit2 X Bit3

*kkk X Q% X 10%% X 210+ x3210

(b) Trailing Edge

Note: * ; Don’t care

Figure 2-53. 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 (LSB).
(3) Number of Words to Transfer

Up to 8 words consisting of 4 bits of data (4-bit serial transfer) or 8 bits (8-bit serial transfer) of data can

be transferred continuously. The number of words to be transferred is loaded to BUF.

An INTSIOO, INTSIO1 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.

500, SO1 pin

INTSIOO0, INTSION
interrupt

SCKO, SCK1 pin
SO0, SO1 pin

- INTSIOOQ, INTSIO1
interrupt

SCKO, SCK1pin
S10, SI1 pin

INTSIOOQ, INTSIO1
interrupt

sekosektein L L LI L]

\aoKmXazXag

|

(a) 1 Word Transmit

UL T

N2 X2t X 22 X @ X bo X b1 X b2 X B3 X 0 Xt X2 X

|

(b) 3 Words Transmit

SR I I I 6 I O I O

Ao A2 X 22 X2 X bo X b1 X b2 X Bs X o Xt X2 Xz /

|

(c) 3 Words Receive

Figure 2-54. Number of Bits to Transfer (Example: 4-bit serial transfer)
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2.10.3

(1

Transfer Mode

SIOM (bits 5 to 3 in SIOOCR1, SIO1CR1) is used to select the transmit, receive, or transmit/receive
mode. M

4-bit and 8-bit Transmit Modes

In these modes, the SIOOCR1, SIO1CR1 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 SO0, SO1 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 INTSIO0, INTSIO1 (buffer
empty) interrupt is generated to request the next transmitted data.

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

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

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

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
SIOO0SR, SIO1SR) 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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i Clear$I0S
SI0S o —
~ =
sioF | \> I;

_SCKo,“”scmmn——l' ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂr_
(output) :

00,501 pin Emammmmaﬁmmmmmmﬁ

INTSIOOQ, INTSIO1

interrupt »
DBR ’ a * b
Ao
Write Write (a) Internal Clock
(a) (b)

Clear SIOS --—-——»

sms_fj‘ |

SIOF I
SEF I

SCKO, SCK1 pin
(output)

500,501pin X agX a1 X azX 23X 23 X a5 X 26X )X boX b1 )X 02 X s X b X b5 X o6 )Xoz

INTSIOO0, INTSIO1
fnterrupt "\ "

Y
oBR _Ja J b

Write Write
(a) (b)

(b) External Clock

Figure 2-55. Transfer Mode (Example: 8-bit, 1 Word Transfer)

5CKO, SCKT pin l |
SIOF |

500,501pin Bit6 X Bit7 : 7

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

Figure 2-56. 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 SI0, SI1 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 INTSIO0, INTSIO1 (buffer
full) interrupt is generated to request that these data be read out. The data are then read from the data
buffer registers by the interrupt service program.

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

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

When an external clock is used, the shift operation is synchronized with the external clock; therefore,
the previous data are read before the next data are transferred to the data buffer register. If the
previous data have not been read, the next data will not be transferred to the data buffer register and
the receiving of any more data will be canceled. When an external clock is used, the maximum transfer
speed is determined by the delay between the time when the interrupt request is generated and when
the data received have been read.

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 SIOF (bit 7 in SIO0SR, SIO1SR). 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
isignored, 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.

|&————— Clear 5105 ————>1

5105 __Q /E ___________________ l\\
SIOF 1 \ \(1_
SEF S | ]

SCKO, SCK1 pin output

D,

INTSIOOQ, INTSIO1 interrupt

DBR X = X o

Read out Readtzu; ‘
Figure 2-57. Receive Mode (Example: 8-bit, 1 word, internal clock)

S10, SI1 pininput
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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 SO0, SO1 pin at leading edges of the serial clock. When
receiving, the data are input to the SI pin at the trailing edges of the serial clock. 8-bit data are
transferred from the shift register to the data buffer register. An INTSIOO, INTSIO1 interrupt is
generated when the number of data words specified with the BUF has been transferred. The interrupt
service program reads the received data from the data buffer register and then writes the data to be
transmitted. The data buffer register is used for both transmitting and receiving; therefore, always
write the data to be transmitted after reading the received data. '

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

Note: The wait is 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 applications.

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

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

When SIOINH is set, the transmit/ receive operation is immediately ended and SIOF is cleared to “0”.
If it is necessary to change the number of words in external clock operation, SIOS should be cleared to
“0”, then BUF must be rewritten after confirming that Siof has been cleared to “0”.

If it is necessary to change the number of words in internal clock, during automatic-wait 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.

86CM25-98 2001-04-02



TOSHIBA

Under Development TMP86CM25/525

SIOS

SIOF

SEF

output
SO0, SO1 pin

SI0, S11 pin

interrupt

DBR

SCKO, SCK1 pin

| «————— Clear 5105 ———>|

72222K o Kes Ao X calea Kes X caX ez [ X doX di X da X daX da X dsX 06 X o

INTSIOOQ, INTSIO1 " "

Write (A) - Read out(c) Write (b) Read out (d)

Figure 2-58. Transmit/Receive Mode (Example: 8-bit, 1word, internal clock)

SCKO, SCKT pin l |
SIOF l

500,501pin e X Y 7

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

Figure 2-59. Transmitted Data Hold Time at End of Transmit/Receive
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2.1

2111

8-bit AD Converter (ADC)
The TMP86CM25/525 have a 8-bit successive approximation type AD converter.
Configuration

The circuit configuration of the 8-bit AD converter is shown in Figure 2-60.

It consists of control registers ADCCR1 and ADCCR2, converted value registers ADCDRl and
ADCDR2, a DA converter, a sample-and-hold circuit, a comparator, and a successive comparison
circuit.

0 g
A= e— W

DA converter

VAREF D : LL : AM_MA,. .......................................... _M_—DVSS

Analog input multiplexer ...Sample hold Reference

i circuit voltage

8

to Analog

comparator

< 4 Successive approximate circuit
f_ ~ SAIN 4 Shift clock —

AINDS Control circuit

INTADC

A
J 2 IREFON |ACK sx
AoRs | | amp V3 v

EOCF | ADBF
\

ADCCR1 ADCCR2 ADCDR1 ADCDR2

AD converter control register1, 2 AD conversion result register

2.11.2

(M

(2)

(3)

4

Figure 2-60. AD Converter (ADC)

Register Configuration
The AD converter consists of the following four registers:

e AD converter control register 1 (ADCCR1)
o AD converter control register 2 (ADCCR2)
o AD converted value register H/L (ADCDR1/ADCDR2)

AD converter control register 1 (ADCCR1)
This register selects the analog channels and operation mode in which to perform AD conversion and
controls the AD converter as it starts operating.

AD converter control register 2 (ADCCR2)
This register selects the AD conversion time and controls the connection of the DA converter (ladder
resistor network).

AD converted value register (ADCDR1)
This register is used to store the digital value after being converted by the AD converter.

AD converted value register (ADCDR2)
This register monitors the operating status of the AD converter.

The AD converter control register configurations are shown in Figures 2-61 and 2-62.
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AD Converter Control Register 1

7 6 5 4 3 2 1 0
,(%lggg:)t ["ADRs | AMD [ AINDS | ‘ SAIN . | (nitial value: 00010000)
. 0 -
ADRS AD conversion start 1: Start
00: reserved
AMD AD Operating mode 01: Software start mode

10: reserved
11: reserved

0: Analoginput enable

AINDS | Analog input control 1: Analog input disable

R/W
0000: Selects AINO
0001: Selects AIN1
0010: Selects AIN2
0011: Selects AIN3
SAIN Analog input channel select | 0100: Selects AIN4
0101: Selects AINS
0110: Selects AIN6
0111: Selects AIN7
1++%; reserved
Note 1: Select analog input when AD converter stops (ADRS = "0”).
Note 2: When the analog input is all use disabling, the AINDS should be set to “1”,
Note 3: During conversion, do not perform output instruction to maintain a precision for all 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..
Note 5: Do notset ADRS (ADCCR1 bit 7) newly again during AD conversion. Before setting 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).
Note 6: After STOP or SLOW mode are started, AD converter control register 1 (ADCCR1) is all initialized.
Therefore, set the ADCCR1 newly again after exiting STOP or SLOW mode.
AD Converter Control Register 2
7 6 5 4 3 2 1 0
ADCCR2 .ol i 2 8
(000Fy) : T TACK “0" "1 (Initial value: ++0% 000)
DA converter Inputting current to the ladder resistor
IREFON | (ladder resistor) 0: Connected only during AD conversion
connection control 1: Always connected
ACK | CONVersion is _ 16 Mz fc =8 MHz | fc =4 MHz | fc= 2 MHz
000
001 reserved R/W

L 010 78/fc [s] - - 19.5 us 39.0 us
ACK | AD conversiontimeselect | o1 | 45g/ic[s] - 1954 | 39.0 s 156.0'(;5
100 312/fc[s) 19.5 us 39.0 us 156.0 us -
101 624/fcis] | 39.0us 78.0 us - -
110 | 1248/fc[s] 78.0 us 156.0 us -~ -
111 reserved

Note 1: Settings for “~ “ in the above table are inhibited.
Note 2: Set conversion time by analog reference voltage (Vaper) as follows.
Vaprer=4.5t0 5.5V (15.6 xor more)
Vagper=2.7t0 5.5V (31.2 x or more)
Vaper=1.8t05.5V (124.8 ;. or more)
Note 3: Always set bit 0in ADCCR2 to “0” and set bit 4 in ADCCR2 to “1”.
Note 4: When a read instruction for ADCCR2, bit 6 to 7 in ADCCR2 read in as undefined data.
Note 5: fc; High-frequency clock [Hz]
Note 6: After STOP or SLOW mode are started, AD converter control register 2 (ADCCR2) is all initialized,
Therefore, set the ADCCR2 newly again after exiting STOP or SLOW mode.

Figure 2-61. AD Converter Control Register
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AD Conversion Result Register

7 6 5. 4 3 2 1 0
ADCDR1 ["Apo7 | ADO6 | ADO5 [ ADO4 | AD03 | AD02 | ADO1 | ADOO | (lnitial value: 0000 0000)
(0020,) 6 5 4 3 2 1 0

ADCDR2 (™" EOCF | ADBF : : : ¢ (Initial value: **00 **x*)

: Before or during conversion
: Conversion completed Read
only

EOCF AD conversion end flag

ADBF | AD conversion busy flag

0
1
0: During stop of AD conversion
1: During AD conversion

Note 1. The EOCF is cleared to "0” when reading the ADCDRI1.
Therefore, the AD conversion result should be read to ADCDR2 more first than ADCDR1.

Note 2: ADBF issetto “1”when AD conversion starts and cleared to "0” when the AD conversion is finished. It
also is cleared upon entering standby mode (STOP or SLOW).

Note 3: If a read instruction is executed for ADCDR2, read data of bits 7, 6 and 3 to 0 are unstable.

Figure 2-62. AD Converter Result Register

2.11.3  AD Converter Operation
(1) Setup the AD converter control register 1 (ADCCR1) as follows:

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

(2) Setup the AD converter control register 2 (ADCCR?2) as follows:

e Set the AD conversion time using AD conversion time (ACK). For details on how to set the
conversion time, refer to Note 2 for AD converter control register 2.
¢ Choose IREFON for DA converter control.

(3) After setting up (1) and (2) above, set AD conversion start (ADRS) of AD converter control register 1
(ADCCR1) to “1”.

(4) After an elapse of the specified AD conversion time, the AD converted value is stored in AD converted
value register 1 (ADCDR1) and the AD conversion finished flag (EOCF) of AD converted value register
2 (ADCDR2) is set to “1”, upon which time AD 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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2.11.4  AD Converter Operation Modes
(1) Software start mode

After setting AMD (ADCCRI1 bits 5, 6) to “01” (software start mode), set ADRS (ADCCR1 bit 7) to “1”.
AD conversion of the voltage at the analog input pin specified by SAIN (ADCCR1 bits 0-3) is thereby
started. ’

After completion of the AD conversion, the conversion result is stored in AD converted value registers
(ADCDRI1) and at the same time EOCF (ADCDR2 bit 5) is set to 1, the AD conversion finished interrupt
(INTADC) is generated.

ADRS is automatically cleared after AD conversion has started. Do not set ADRS (ADCCRI1 bit 7)
newly again (restart) during AD conversion. Before setting 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 [ 1

Convert operation | I___J——_I

ADCDR1 Indpterminate XFirst conversion result X Second conversion result

EOCF [ 1
INTADC M Il

AD conversion start Conversion EOCF cleared by reading
result read conversion result

Figure 2-63. Operation in Software Start Mode

2.11.5 STOP and SLOW Modes during AD Conversion

When standby mode (STOP or SLOW mode) is entered forcibly during AD conversion, the AD convert
operation is suspended and the AD converter is initialized (ADCCR1 and ADCCR2 are initialized to
initial value.). 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, AD conversion is not automatically restarted, so it is necessary to restart
AD conversion. Note that since the analog reference voltage is automatically disconnected, there is no
possibility of current flowing into the analog reference voltage.
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2.11.6  Analog Input Voitage and AD Conversion Result

Example: After selecting the conversion time of 19.5 us at 16 MHz and the analog input channel
AINS3 pin, perform AD conversion once. After checking EOCF, read the converted value
and store the 8-bit data in address 009Fy on RAM. The operation mode is software start

mode.
; AIN SELECT
LD (P6CR), 00000000B ; P6CRDbit3 =0
LD (P6DR), 000000008 ; P6DRbit3 =0

LD (ADCCR1),00100011B ; Select AIN3
LD (ADCCR2),11011000B ; Select conversion time (312/fc) and operation mode
; AD CONVERT START
SET (ADCCR1).7 ; ADRS =1
SLOOP: TEST (ADCDR2).5 ; EOCF=1?
JRS T,SLOOP
; RESULT DATA READ
LD A, (ADCDR1)
LD (9FH), A

The analog input voltage is corresponded to the 8-bit digital value converted by the AD as shown in
Figure 2-64.

AD conversion result A

(2
J7
4

[ (¢ i 1 1 ]
H

0 1 2 3 253 254 255 256 "‘V'AR_EEG__V&

Analog input voltage

Figure 2-64. Analog Input Voltage and AD Conversion Result (typ.)

86CM25-104 ‘ 2001-04-02




TOSHIBA Under Development TMP86CM25/525

2117
(1)

(2)

(3)

Precautions about AD Converter
Analog 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.

Analog input shared pins

The analog input pins (AINO to AIN7) are shared with input/output ports. When using any of the
analog inputs to execute AD conversion, do not execute input/output instructions for all other ports.
This is necessary to prevent the accuracy of AD 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.

Noise countermeasure

The internal equivalent circuit of the analog input pins is shown in Figure 2-65. 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 kQ or less. Toshiba also recommends
attaching a capacitor external to the chip.

Internal resistance
AINi R=5kQ (typ.) Analog comparator
etz L e L
?g::::?:;é%’;i‘ce Internal capacitance
C=22pF .
5k (max) :I; PF (typ.) J/;
DA converter Note: i=0to7

Figure 2-65. Analog Input Equivalent Circuit and Example of Input Pin Processing
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2.12 Key-On Wake-Up (KWU)

In the TMP86CM25/S25, the STOP mode must be released by not only P20 (INT5 / STOP) pin but also

P64 to P67 pins.
When the STOP mode is released by P64 to P67 pins, the P20 (INT5 / STOP) pin needs to be used.

2.12.1  Configuration

INT5 TNTE / STOD!
Stop mode control - o@ D P20 (INT5/STOP)

Stop mode
o] resamarstorz)

release signal
D P65 (AIN5 / STOP3)

(1: release)
oy
o] Ps6 (aine/sTOPS)
<

D P67 (AIN7 / STOPS)

m{ﬁ

—

STeTe TS
STOPCR |o|Oo|O|O|{~|~
(OF9Ay) ([P [P [P |P

51413 ]2

Figure 2-66. 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 release the STOP mode, then P20 must be input to “0” level.

a) atP20 b) atP64toP67
P20 "L"
P20 pin |
D —
-« STOPmode —  STOP mode release P64 pin |

< STOP mode —> . __ STOP mode release

2.12.2 Control

P64 to P67 (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, P6DR, ADCCR1).

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 1 (SYSCR1). When the STOP mode, 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 STOPS or must be set “1”
level into STOP2 to STOP5 pins.

Key On Wake Up control register
STOPCR 7 6 5 4 3 2 LI 0.
(OFSAw) - [sTops [sTOP4 [STOPS|STOP2| - & - f = i ... (nitial value: 0000 ++s+)
0: Disable
STOP2 | Stop mode released by P64 port 1 Enable
0: Disable
STOP3 | Stop mode released by P65 port 1: Enable Write
0: Disable only
STOP4 | Stop mode released by P66 port 1: Enable
STOPS | Stop mode released by P67 port ? EDria?beI:

Figure 2-67. Key On Wake Up control register
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2.13 LCD Driver

The TMP86CM25/S25 incorporates a driver to directly drive the liquid crystal display (LCD) and its
control circuit. The connectmg pins with the LCD are as shown below:

(1) Segment output pin 40 pins (SEG39 to SEGO0)
(2) Segment output/ I/O port pin (shared) 20 pins (SEG59 to SEG40)
(3) Common output pin 5 pins (COM4 to COMO0)

(4) Common output I/O port pin (shared) 11 pins (COM15 to QOM5)

In addition, C0, C1, V1, V2, V3 and V4 are provided as the LCD drive booster circuit pins.
The following three types of LCD can be driven directly:

(1) 1/4 duty LCD: Maximum 240 pixels (60 segments x 4 digits)

(2) 1/8 duty LCD: Maximum 480 pixels (60 segments x 8 digits)

(3) 1/16 duty LCD: Maximum 960 pixels (60 segments x 16 digits)
2.13.1  Configuration of LCD Driver

LCD Driver Control Register 2 fc
LCDCTLz g....“...é ......... ;f ......... ? ........ W&;ﬁl ‘ fs ——j
............................... Dedicated
Divider DBR
‘ Data Area
LCD Driver Control Register 1 | |
Y
l | l | ,,,,,,, I Duty Timing Gen. . —
Leoetut [ outy | reev Joutyslputvalputys| eres | [ DissT | Control Circuit Display Data Select Circuit
Brankin : -
| Controlg | Display Data Buffer Register |
Low Voltage Booster Circuit Ccmmon Drlver Segment Driver l
como coM15 SEGO SEG39 SEGA40 SEG59
Figure 2-68. LCD Driver Block Diagram
Note: The LCD driver circuit has a built-in dedicated divider circuit. Thus, during use of the tool, LCD
outputting is not stopped by debugger break processing.
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2.13.2  Controlling LCD Driver

The LCD driver is controlled by the LCD control register 1 (LCDCTL1) and the LCD control register 2
(LCDCTL?2). The display of the LCD driver is enabled by DISST.

LCD Control Register 1

7 6 5 4 3 2
LCDCTLY  [pyuTY7 | REFV |DUTY5|[DUTY4[DUTY3] BRES |
©027) D—mm———1— 1
O%**. reserved
1000: 1/4duty
1001: reserved

0
| DISST | (initial value: 0000 00%0)

DuTY? 1010: 1/8duty
DUTY5

Select duty. 1011: reserved
DUTY4 1100: reserved
DUTY3 :

1101: reserved

1110: 1/16 duty

1111: reserved

0: V4 VDD

1. VDD<V4=55V

0: Booster circuit disable
1: Booster circuit enable
0
1

REFV Sets LCD reference voltage.

BRES Sets booster circuit. (Note 4)

LCD display blanking

DISST Controls LCD display. LCD display enable

Note 1: After reset, <DUTYs> are set to "0000” (Initial value: reserved). Set the duty as appropriate for LCD
panel.

Note 2: Switch <REFV> according to VDD. If it is not set appropriately, an overcurrent may flow causing
damage to the device. Caution is especially required when VDD is battery-driven.

Note 3: If <DISST> isset to “0” (LCD display blanking), all SEG/COM pins become V5SS level.

Note 4: When <REFV> for the LCD reference voltage <REFV> is set to "0“, always make sure the reference
power supply is entered from the V4 pin.

LCD Control Register 2

2 1 0
VFSEL2 i VFSEL1:VFSELO|  (Initial value: +++ +011)

LCDCTL2
(0028y)

000: fc/2°(at 16 MHz)
001:  fc/2%(at 8 MHz)
010: fc/27 (at 4 MHz) RW
011:  fc/2°%(at 2 MH2)
1#%;  fs(at 32.768 kHz)

Selects base frequency for
frame frequency.

VFSEL

Note 1: reserved; Not to be set.
Note 2: Set the LCD control register 2 according to operating frequency. For details of the actual frame
frequency, see Table 2-9.

Figure 2-69. LCD Driver Control Register
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(1) - Frame Frequency

The frame frequency is set depending on the driving method and the base frequency as shown in

Table 2-18.
The base frequency is selected with LCDCTL2 <VFSEL> depending on the basic clock frequencies fe
and fs to be used.
Table 2-18. Frame Frequency Settings
VFSEL [ Base frequency [Hz] Frame frequency [Hz]
1/4 duty 1/8 duty 1/16 duty
fc fc fc ' fc
000 | ... 2 b o844 L 2:42:8 | 2:21016
(fc= 16 MHz) 93 93 93
fc fc fc fc
001 | 2844 24208 | 221006
(fc =8 MHz) 93 93 93
fe fc fc fc
010 | 2 i, .84:4 | 2:42:8 1...20:21006
(fc = 4 MHz) 93 93 93
fc fc fc fc
o1 [ S 28424 | 2:42:8 | 2221016
(fc=2 MH2) 93 93 93
fs fs fs
I i g4 | ms | " 2006
(fs = 32.768 kHz) 97.5 97.5 97.5
Note 1: fc; High-frequency clock frequency [Hz] fs; Low-frequency clock frequency [Hz]
Note 2: Although this product is guaranteed to operate at fc =1 MHz, fc=1.32 [MHz] is not
recommended for LCD display as the frame frequency becomes 61 [Hz] or less.
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2.13.3 LCD Booster Circuit
(1) LCD Booster Circuit

The TMP86CM25/525 can boost (divide) the externally-supplied reference voltage using the built-in
booster circuit as a power supply for driving the LCD. When V1 pin is the reference voltage, the
inputted reference voltage is boosted by two times (V2), 3 times (V3) and 4 times (V4) to generate a
voltage for a segment/common signal. When V2 pin is the reference voltage, the inputted reference
voltage is divided/boosted by 1/2 time ( V1), 3/2 times (V3) and two times (V4). Likewise, when V3 pin
or V4 pin is the reference, the inputted reference voltage is boosted/divided and the voltage ratio is V1 x
4 =V2x2 =V3x(4/3) = V4. Asthiscircuit uses a 4-times boosting method, the bias ratio is 1/4 only.

Note: When the reference pin is other than V1 pin, a condenser is required between V1 pin and GND.

2.13.4  Methods of Connecting LCD Booster Circuit
(1) Method of Connecting Booster Circuit by Using a Regulator

If VDD is not stable because it is battery-driven, etc., we recommend a connection method using a
regulator as shown below in order to preserve the quality of display.

oo T _{voo
. ¢ ar—/ °©
o —T co—T
-1 SEG va __:L_C ~— SEG va __lc

~— COM v3 {C -— COM V3 —{C
vi—Jc V2

C
oV ‘L_Begulator Vi __ic Regulator
i p i A 3

(a) Example of voltage step-up operation by a regulator (b) Example of voltage step-up operation by a regulator
(relative V1 pin) (relative V2 pin)

Note: C=0.1t00.47 ufF

Figure 2-70. Method of Connecting Booster Circuit by Using a Regulator

Note: For use with VDD = V4 (LCDCTL1 <REFV> =0), always make sure the reference power supply
is entered from V4.
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(2) Method of Connecting Booster Circuit Without Using a Regulator
If stable VDD supply is achieved (VDD=V4) . the booster circuit can be connected without using a
regulator as shown below. In this case, set LCDCTL1 <REFV> to “0” and make sure the reference
power supply is entered from the V4 pin.
—— —0—
VDD ’ vDD
c1 __Lc C1 C
co — co R1
-«— SEG va = «— SEG va = Adjustment of contrast)
~— COM ~<~—{com R2
vs— ¢ v3 C

};— Vvss ;; 7;— Vvss

(c) Example of voltage division from VDD (relative to V4 pin)  (d) Example of voltage division from VDD (relative to V4 pin)

v2—c V2
vi {c vi

(o]

-l L

Note: C=0.1t00.47 uF

Figure 2-71. Method of Connecting Booster Circuit without Using a Regulator

2.13.5 LCD Display Operation

(1)

Setting Display Data

Display data is stored in display data area (128 bytes in addresses 0FOOH to OF7FH) provided in DBR.
Display data stored in the display data area is automatically read by hardware and sent to the LCD
driver. The LCD driver generates segment and common signals according to display data and the
driving method. Thus, display patterns can be changed simply by rewriting the contents of display data
area in the program.

Figure 2-72 shows the correspondence between display data areas and SEG/COM pins. The light comes
on when display data is “1” and it goes out when “0”. Because the number of pixels that can be driven
varies with the method of driving the LCD, the number of bytes in the display data area used to store
display data also varies. Thus, bytes not used to store display data and data memory corresponding to
ddresses not connected to the LCD can be used for storing generally processed data. (See Table 2-19)

Note: Because the contents of display data area become unstable at powering on, execute the
initialize routine for the initial setting.
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comMo
comi
comz
com3
com4
coms
cOom6
comz7
coms
com9
COM10
comM11
comM12
comi3
comi14
COM15

SEG7 SEG15  SEG23  SEG31 SEG39  SEG47  SEG55  SEG63
to to to to to to to to
SEGO SEG8 SEG16  SEG24  SEG32 SEG40  SEG48  SEGS56

Figure 2-72. LCD Display Data Area (DBR)

Table 2-19. Areas Used to Store Display Data

Driving Method COM number to be used
1/16 Duty COM15 to COMO
1/8 Duty COM7 to COMO
1/4 Duty COM3 to COMO

(2) Blanking

The LCD display can be blanked by clearing DISST to “0”. Blanking extinguishes the LCD by
-outputting GND level to COM/SEG pins.

If the STOP mode is entered while the LCD display is on, DISST is cleared to “0” and blanking is
performed automatically. If the STOP mode is then reverted, DISST is set to “1” and display is resumed
automatically.

Note: At reset, the segment dedicated pins (SEG40 to SEG0O) and common output becomes GND level,
whereas the I/O port /| segment shared pins (P1, P3, P5 ports) output, the /O port/common
shared pins (P3, P7 ports) output become the high-impedance state. Thus, if an external reset
input lasts for a significant length of time, it may affect the LCD display such as blurring.
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2.13.6

Method of Controlling LCD Driver

(1) Initial Setting

te

-
]

The procedure of initial setting is shown below.

Example: When 60 seg X 8 com, 1/8 duty , 5 V-system LCD operates with fc=8 MHz (at VDD =5 V)
(LCDCTL1),10010100B ;

LD
LD
LD
LD

LD

(P1LCR),0FFH
(PSLCR),0FFH

(P5LCR),0FFH

(LCDCTL1),10010101B ;

(2) Storing Display Data

1/8 duty, LCD reference voltage (VDD =V4), booster
circuit enable set

Set P1 port for segment output

Set P3 port for segment/common output

Set P5 port for segment output

LCD display enable set

Display data is normally prepared as fixed data in the program memory (ROM) and stored in the
display data area by a load instruction.

Example 1: Corre.sponding to the connection and display using a 1/8 duty LCD shown in Figure 2-73,
the Table 2-20 shows display data and Figure 2-74 shows displyay timing.

comMmo

oM O RO R B momm s R A
VA el ot B St ittt et Tt -
o T RO R R SREEE OB SaaRy
VP et el etk oo™ i hobbrt-B e kot
VIS - et Tttt -ttt ot -
o RO O RERO CRREO B e e Ry
oM B oA OO OO oo e E e L -
N e T T ———
Figure 2-73. Example of Display Data (1/8 duty)
Table 2-20. Example of Display Data (1/8 duty)
SEG |SEG | SEG | SEG [ SEG |SEG SEG | SEG | SEG [SEG | SEG | SEG | SEG [ SEG
31als5!l6]7 8 11
DBR it 3|bit 4|bit 5[bit 6]bit 7] HEX i i HEX
COMO | OFOOH {0 B9
COM1 | OFO1H c6
com2 | oFo2H 86
COM3 { OFO3H BA
com4 | 0F04H C2
COMS5 | OFO5H C6
COM6 | OFO6H B9
COM?7 | OFO7H 00
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Example 2: Corresponding to the connection and display using a 1/16 duty LCD shown in Figure 2-75,

Table 2-21 shows display data and Figure 2-76 shows display timing.

comMo
comi
COM2
comM3
com4
COMS5
COM®6
comz
coms
com9
comM10
com1i1
comi12
com13
comM14
COM15

Figure 2-75. Example of Display Data (1/16 duty)

Table 2-21. Example of Display Data (1/16 duty)

SEG | SEG | SEG | SEG | SEG | SEG | SEG | SEG SEG [SEG | SEG | SEG [ SEG | SEG [ SEG

.1 12 .3

415 |67 8 112

COoMO

coOM1

bit

COM2

COM3

COM4

COMS5

COM6

comM7

cOmM8

COM9

ICOM 10

HEX

B9
C6
86

BA
C2
Cé
B9

00

39

46

COM11

ICOM12

COM13

COM 14

ICOM 15

Olo|jolo|o|ojojo|lojo|o|c]lojo|o

Oolof{o|O|CljOo|O|Cojo|Oo|o|o|0|Oo|O

O|lOojOojOo || |OojO|OojOo|o oo O
OCljOo|O|Ooj0jOo|o|Oojo|0|Oo|o|o|jojO

42
89
Co
c4
3B

00
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TOSHIBA TMP86CM25/525

Under Development

lhput/Output Circuitry
(1) Control Pins

The input/output circufi;rﬂas of the TMP86CM25/S25 control pins are shown below.

Control Pin o Input/ Qutput Circuitry Remarks
Osc. enable *—__13,_—> fe
VDD ) AAA | VDD zisohn?tor conne)ctmg pins
XIN Input R¢ < Ro Igh-trequency,
XouTt Output | - R¢ = 1.2MQ (typ.)
! Ro = 1.0kQ (typ.)
XIN XOuT
O e NORMAL2 mode
Osc. enable "‘:Doﬂi% fs | Resonator connecting pins
Refer to J | (Low-frequency)
XTIN Input port P2 vDD VR“f' VDD Rs = 6 MQ (typ.)
XTOUT Output R =Ro Ro = 220 kQ (typ.)
XTIN XTOUT
R ) VDD Sink open drain output
eset input
P Rin Hysteresis input
110
RESET Address-trap-reset Pull-up resistor
Watchdog-timer Rin = 220 kQ (typ.)
System-clock-reset
VDD
-D Hysteresis input
- |
STOP/INTS Input o—]
P20 <l
STOP/INTS @
%/DD
Puli-down resistor
TEST Input <l ] Rin = 70 k€2 (typ.)
Rin

Note: The TEST pin of the TMP86PS25 does not have a pull-down resistor. Fix the test pin at low-level.
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TOSHIBA Under Development TMP86CM25/525
(2) Input/Output Ports
Port 10 Input/ Output Circuitry Remarks
initial “High-z" P1LCR
SEG output Sink open drain output
Hysteresis input
P1 V0 Data output ~ i
input from output latch
Pininput ﬂ
initial “High-z" p5/pP7 LCR
SEG output Sink open drain output
P 110 )
P7 Data output N
Input from output latch
Pin input <}
initial “High-z" VDD
Sink open drain output
——D Hysteresis input
P2 Vo Data output -
Input from
output latch
Pininput

initial “High-2" P3LCR
. SEG output
P30 ¢
P31 .
P32 Vo . Data output
P33
. Input from output latch

Pininput

Sink open drain output
Hysteresis input

High current output (Nch)

initial "High-z" P3LCR

Sink open drain output

COM output Hysteresis input
P34
P35 10
P36 Data output i
Input from output latch
Pin input
initial “High-z" ‘
initial “High-z vbD Tri-state /O
Data output Hysteresis input
P6 o
Disable
Pininput @l

Note: Port P1, P3, 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 to Vpp +0.3 volts
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TOSHIBA Under Development TMP86CM25/525
Electrical Characteristics
Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Pins Rating Unit
Supply Voltage Vpp -0.3106.5
Input Voltage Vin -0.3toVpp+0.3 \Y
Output Voltage VouTi -0.3toVpp+0.3
louT1 P6 Port -1.8
Output Current (Per 1 pin) louT2 P1, P2, P34 to P36, P5, P6, P7 Port 3.2
louTs P30 to P33 Port 30 mA
pA| P1,P2,P34 to P36, P5, P6, P7 Port 60
Output Current (Total) ouT!
Zlour2 P30 to P33 Port 80
Power Dissipation [Top,=85C] PD T.8B.D mw
Soldering Temperature (time) Tsld 260 (10s)
Storage Temperature Tstg -55t0 125 ‘1 °C
Operating Temperature Topr -40to 85
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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Recommended Operating Condition| (Vss=0V, Topr= - 40 to 85°C)
Parameter Symbol " Pins Condition Min Max Unit
; NORMAL1, 2 mode 45
¢=16MHz I5Te0, 1, 2 mode '
] NORMAL1, 2 mode 27
fe=8MHz 1550, 1, 2 mode '
Supply Voltage Vpp NORMAL1, 2 mode 5.5 Vv
fc=42MHz 15 60,1, 2 mode
fo= SLOW1, 2 mode 1.8
32.768kHz |5 EEPO, 1, 2 mode
STOP mode
\Y Except Hysteresis input Vpp % 0.70
. IH1 p .V. P Voo Z 4.5V DD
Input high Level Viyz | Hysteresis input Vpp x 0.75 Vbp \
ViH3 Vpp <45V Vpp % 0.90
\ Except Hysteresis input Vpp X% 0.30
L1 P Y P Vop Z 4.5V DD
Input low Level Vi2 | Hysteresisinput 0 Vpp x 0.25 \Y
Vi3 Vpp <45V Vpp % 0.10
Vin | Vi 1.0 1.375
LCD ref V2, V2 LCDCTL1<REFV> ="1" 2.0 2.750
reference
N 2
voltage range V3n_|V3 VDD < V4 (Note 2) 3.0 4.125 v
Va4 (V4 4.0 5.500
va,y |va(Note3) LCDCTL1 <REFV> = "0” - vDD
Vpp = 1.8t05.5V 4.2
fc | XIN,XOUT Vpp = 2.7t05.5V 1.0 8.0 MHz
Clock Frequency
Vpp = 4.5t05.5V 16.0
fs [ xTIN, XTOUT 30.0 34.0 kHz
Note 1: The recommended operating conditions for a device are operating conditions under which it can be guaranteed that
the device will operate as specified. If the device is used under operating conditions other than the recommended
operating conditions (supply voltage, operating temperature range, specified AC/DC values etc.), malfunction may
occur. Thus, when designing products which include this device, ensure that the recommended operating conditions
for the device are always adhered to.
Note 2: When LCDCTL1<REFV> isset to “1”, always keep the condition of VDD < V4.
Note 3: When LCDCTLI<REFV> isset to “0”, always supply the reference voltage from V4 pin.
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DC Characteristics (Vss =0V, Topr= -40to 85°C)
Parameter Symbol oY Pins Condition Min Typ. Max | Unit
Hysteresis Voltage Vys | Hysteresis input - 0.9 - \Y
lint TEST
Input Current Iinz | Sink Open Drain, Tri-state Vpp=55V,V|y=55V/0V - - +2 pA
s |RESET,STOP
Rint | TEST Pull-Down - 70 -
Input Resistance kQ
Rinz | RESET Pull-Up 100 | 220 | as0
Output Leakage . . .
Lo Sink Open Drain, Tri-state Vpp=5.5V,Voyr=55V/0V - - 2 A
Current
Output High Voltage Vonz | Tri-stPort Vpop=4.5V,lghp=-0.7mA 4.1 - - \
Except XOUT and P30 to P33
Output Low Voltage Vor Port Vop=4.5V, loL=1.6mA - - 0.4 \Y
Output Low Current | High Current Port Vpp=4.5V,VoL=1.0V 20 A
P L (P30t P33 Port) pp =221 You=1. m
Supply Currentin Vpp=5.5V _ 45 7.0
NORMAL 1, 2 mode Vin=5.3/0.2V ’ ’
mA
Supply Currentin fc=16 MHz 27 35
IDLE 0, 1,2 mode fs=32.768 kHz ’ :
Supply Currentin
SLOW 1 mode | } 60 | %
P— = DD Vpp=3.0V
stggpy1 “”:" n Vin=2.8V/0.2V - 4.0 15
mode fs=32.768 kHz JA
Supply Currentin LCD driver is not enable. _ 25 13
SLEEP 0 mode ’
Supply Currentin Vpp=5.5V _ 0.5 10
STOP mode Vin=5.3Vv/0.2V ’
Note 1: Typical values show those at Topr=25°C, Vpp =5V
Note 2: Input current (N1, IIN2); The current through pull-up or pull-down resistor is not included.
Note 3: Ipp does not include IRgF current.
Note 4: The supply currents of SLOW 2 and SLEEP 2 modes are equivalent to IDLE O, 1, 2.
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AD Conversion Characteristics
(Vss=0.0V,4.5V = Vpp = 5.5V, Topr= - 40 to 85°C)
Parameter Symbol Condition Min Typ. Max Unit
Analog Reference Voltage V AREF Vop-1.5 - Vbp Vv
Analog Reference Voltage Range (Note 4) AV ager 3.0 - - \
Analog Input Voltage Vain Vss - VAREE Vv
Power Supply Current of Vpp=Varep=5.5V
I - .
Analog Reference Voltage REF Vss=0.0V 0.6 1-0 mA
Non linearity Error - - 1
Zero Point Error Vpp=5.0V, Vss=0.0V - - 1 LsB
Full Scale Error Vager=5.0V - - 1
Total Error - _ +2
(Vgs=0.0V,2.7V = Vpp < 4.5V, Topr= - 40 to 85°C)
Parameter Symbol Condition Min Typ. Max Unit
Analog Reference Voltage VAREF Vpp-1.5 - Vop \Y
Analog Reference Voltage Range (Note 4) AV aRer 2.5 - - \
Analog Input Voltage Vain Vgs - VAREF \%
Power Supply Current of Vpp =Varer=4.5V
| - .
Analog Reference Voltage REF Vgs=0.0V 0.5 0.8 mA
Non linearity Error - - 1
Zero Point Error Vpp=2.7V, Vgs=0.0V - - | LsB
Full Scale Error Varer=2.7V - - +
Total Error - _ +2
(Vss=0.0V,2.0V = Vpp <2.7V, Topr = - 40 to 85°C) Note 5
(Vss=0.0V, 1.8V = Vpp <2.0V, Topr= - 10 to 85°C) Note 5
Parameter Symbol Condition Min Typ. Max Unit
Analog Reference Voltage VAREE Vpp—-0.9 - Vbp \Y
1.8V = Vpp <20V 1.8 - .
Analog Reference Voltage Range (Note 4) AV aRer Vv
2.0V S Vpp <27V 2.0 - -
Analog Input Voltage Vain Vsg - VAREF \Y
Power Supply Current of Vop =Varee=2.7V
| - .
Analog Reference Voltage REF Vgs=0.0V 0.3 0.5 mA
Non linearity Error - - 2
Zero Point Error Vpp=1.8V,Vgs=0.0V - - LSB
Full Scale Error Varer=1.8V - -
Total Error - ~ +

conversion line.

conversion value.

Note 1: The total error includes all errors except a quantization error, and is defined as maximum deviation from the ideal

Note 2: Conversion time is different in recommended value by power supply voltage.
About conversion time, please refer to “2.11.2 Register Configuration”.
Note 3: Please use input voltage to AIN input Pin in limit of Vager - Vss,
When voltage of range outside is input, conversion value becomes unsettled and gives affect to other channel

Note 4: Analog Reference Voltage Range: AV ager = Varer — Vss

Note 5: When AD is used with Vpp < 2.7 V, the guaranteed temperature range varies with the operating voltage.
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AC Characteristics (Vss=0V,Vpp=4.5t05.5V, Topr= - 40 to 85°C)
Parameter ’ S;mbol Condition Min Typ. Max Unit
NORMAL 1, 2 mode
. , IDLE O, 1, 2 mode 0.25 - 4
Machine Cycle Time tcy s
SLOW 1, 2 mode 117.6 1333
SLEEP 0, 1, 2 mode : - .
High Level Clock Pulse Width tweH For external clock operation (XIN input) 31.25 ns
Low Leve! Clock Pulse Width twel fc=16 MHz ‘ - ' -
High Level Clock Pulse Width twcH For external clock operation (XTIN input) 15.26 .
Low Level Clock Pulse Width twel fc=32.768 kHz - ) E “

(Vss=0V,Vpp=2.7t0 4.5V, Topr= - 40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
NORMAL 1, 2 mode
0.5 - 4
. . IDLEQ, 1, 2 mode
Machine Cycle Time tcy 73
SLOW 1, 2 mode 17.6 133.3
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 fc=8MHz - : -
High Level Clock Pulse Width twcH For external clock operation (XTIN input)
- fc=32.768 kHz - 15.26 - #s
Low Level Clock Pulse Width twcl :

(Vss=0V,Vpp=1.8t0 2.7V, Topr= -40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
NORMAL 1, 2 mode
, , IDLE O, 1, 2 mode 0.95 - 4
Machine Cycle Time tcy us
SLOW 1, 2 mode 17.6 1333
SLEEP 0, 1,2 mode : B )
High Level Clock Pulse Width tweH | For external clock operation (XIN input) _ 119.05 ns
Low Level Clock Pulse Width twcl fc=4.2 MHz ' -
High Level Clock Pulse Width twcH For external clock operation (XTIN input)
- fc=32.768 kHz - 15.26 - Hs
Low Level Clock Pulse Width twcl :

Timer Counter 1 input (ECIN) Characteristics | (Vss=0V, Topr= -40 to 85°C)

Parameter Symbol Condition Min Typ. Max | Unit
Sf:iif?giyzgssrement mode | ¢ e edge count _ i —
\Fl':::e‘lf'\;);nze;s;rement mode Single edge count ) i 02
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Recommended Oscillating Conditions - 1

(Vss=0V, Vpp=4.5t05.5V, Topr= - 40 to 85°C)

Oscillation Recommended Constant
Parameter Oscillator Recommended Oscillator
Frequency C C;
16 MHz MURATA  CSA16.00MXZ040 10 pF 10 pF
Highf 8MH MURATA  CSA8.00MTZ 30 pF 30 pF
igh-frequenc z
gO " ‘1 y Ceramic Resonator CST8.00MTW 30 pF (built-in) | 30 pF (built-in)
cillation
sciiat MURATA  CSA4.19MG 30 pF 30 pF
4.19 MHz o o
CSTA.19MGW 30 pF (built-in) | 30 pF (built-in)
Low-frequenc
. q ] y Crystal Oscillator 32.768 kHz Sll VT-200 6 pF 6 pF
Oscillation

Recommended Oscillating Conditions - 2

(Vss=0V, Vpp=2.7105.5V, Topr= - 40 to 85°C)

. Oscillation . Recommended Constant
Parameter Oscillator Recommended Oscillator
Frequency C C2
8 MHz MURATA  CSA8.00MTZ 30 pF 30 pF
High-frequency , CST8.00MTW 30 pF (built-in) | 30 pF (built-in)
L Ceramic Resonator
Oscillation 4.19 MH MURATA  CSA4.19MG 30 pF 30 pF
. z
CST4.19MGW 30 pF (built-in) | 30 pF (built-in)

Recommended Oscillating Conditions - 3

(Vss=0V, Vpp=1.8105.5V, Topr= - 40 to 85°C)

(1) High-frequency Oscillation

. Oscillation . Recommended Constant
Parameter Oscillator Recommended Oscillator .
Frequency C C
High-f MURATA  CSA4.19MG 30 pF 30 pF
'9 'req?lency Ceramic Resonator 4.19 MHz P o P .
Oscillation ) CS5T4.19MGW 30 pF (built-in) | 30 pF (buiit-in)
XIN XOouT XTIN XTOUT

(2) Low-frequency Oscillation

Note 1: An electrical shield by metal shield plate on the surface of IC package is recommended in order to protect the device
from the high electric field stress applied from CRT (Cathodic Ray Tube) for continuous reliable operation.
Note 2: TOYAMA MURATA MFG. CO., LTD. (JAPAN)
These product numbers and the corresponding specifications are subject to change.
For up-to-date information, please refer to the following URL,
http://www.murata.co.jp/search/index.html
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CMOS 8-Bit Microcontroller
Vs TMP86PS25F

The TMP86PS25 is a OTP type MCU which includes 60 Kbyte One-time PROM. It is a pin compatible with a
mask ROM product of the TMP86CM25/S25. Writing the program to built-in PROM, the TMP86PS25
operates as the same way as the TMP86CM25/525. Using the Adapter socket, you can write and verify the
data for the TMP86PS25 with a general-purpose PROM programmer same as TC571000D/AD.

Part No. OTP RAM Package ’ Adapter Socket

TMPB86PS25F 60 K x 8-bit 2 Kx8bit P-QFP100-1420-0.65A BM11172

P-QFP100-1420-0.65A

TMP86PS25F

000707EBP1

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

@ TOSHIBA is continually working to improve the quality and 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 complfv with the standards of safety in
making a safe design for the entire system, and to avoid situations in which a malfunction or failure of such TOSHIBA
products 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 TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set
forth in the "Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

@ The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer,
personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These
TOSHIBA products are neither intended nor warranted for usage in equipment that requires extraordinarily high

quality and/or reliability or a malfunction or failure of which may cause loss of human life or bodily injury

("Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or spaceship instruments,
transportation instruments, traffic signal instruments, combustion control instruments, medical instruments, all types of
safety_c{(evices, etc.. Unintended Usage of TOSHIBA products listed in this document shall be made at the customer's
own risk.

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

The information contained herein is presented only as a guide for the applications of our products. No responsibility
is assumed by TOSHIBA CORPORATIgN 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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Pin Assignments (Top View)

P-QFP100-1420-0.65A

HHHHHRHHHHHHEHEHEHEHEHHHHBHAHE
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COONLVLNTNAN—OONNONDINTMNMNORARDOIN O INT MN —
COM3 -—{—TT] 82 49 T 3—» $EG29
COM4 -«——{_IT] 83 . 48 AT 3 $EG30
(MUL4 / COMS5) P34 ~>»[—T1] 84 47 > $EG31
(MULS5 / COM6) P35 ~e»[_TT] 85 46 T 3—> $£G32/A0
(MUL6 / COM7) P36 ~»[_117] 86 45 0T 33 S£G33/A1
(DO /COMS) P70 --»[_TI] 87 44 I 3—» $EG34/A2
(D1/MULG/COM9) P71 -e[—TT] 88 43 T SEG35/A3
(D2/MUL1T/COM10) P72 ~»[—TT] 89 42 T 3—» $eG36/A4
(D3/MUL2/COM11) P73 ~=»[_TT] 90 4 T — §EG37/AS
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Note: Ports assigned as MUL6 to MULO can switch pin assignment by the multifunction register (MULSEL). For
functions assigned to each pin, see the table below.
Pin name Function Pin assignment
MULO DVo P30 or P71
MUL1  [PWM3, PDO3, TC3 P31 or P72
MUL2 PPG4, PWM4, PDO4, TC4 P32 or P73
MUL3 PPG6, PWM®6, PDO6, TC6 P33 or P74
MUL4 INT1 P12 orP34
MULS INT2 P13 or P35
MUL6 INT3 P14 or P36
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Under Development

TMP86PS25

Pin Function

The TMP86PS25 has MCU mode and PROM mode.

)

(1) MCUmode
In the MCU mode, the TMP86PS25 is a pin compatible with the TMP86CM25/525 (Make sure to fix the
TEST pin to low level).
(2) PROM mode
Pin Name Input/ Qutput Function Pin Name (MCU mode)
P57 to P5
|nput Input of Memory address for program L. O ..... 0 .....................
SEG39 to SEG32
1{e] Input/Output of Memory data for program P77 to P70
Chip enable P13
Input Output enable P14
Program control P15
+12.75V/5V (Power supply of program) TEST
Power supply | +6.25V/5V
ov
PROM mode setting pin. Fix to high.
P10, P22, P20, P61 176 e
RESET PROM mode setting pin. Fix to low.
P64, P65, P67 Output Output pin for PROM operation test. Open or release.
P17,P16,P12
o Open
| t
--------- A Self oscillation with resonator (8 MHz).
Output

Note: No pin is applied to A16 input. 1
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Operation

1.1

1.1.1

This section describes the functions and basic operational blocks of TMP86PS25.

The TMP86PS25 has PROM in place of the mask ROM which is included in the TMP86CM25/S25. The
configuration and function are the same as the TMP86CM25/525. For the functions of TMP86PS25 in
details, see the section of TMP86CM25/S525.

In addition, TMP86PS25 operates as the single clock mode when releasing reset.

When using the dual clock mode, oscillate a low-frequency clock by SET. XTEN command at the
beginning of program.

Operating Mode
The TMP86PS25 has MCU mode and PROM mode.
MCU Mode

The MCU mode is set by fixing the TEST/VPP pin to the low level.
In the MCU mode, the operation is the same as the TMP86CM25/S25 (TEST/VPP pin cannot be used
open because it has no built-in pull-down resister).

Program Memory

The TMP86PS25 has a 60 Kbyte built-in one time PROM (addresses 1000y to FFFFy in the MCU mode,
addresses 0000y to EFFFy in the PROM mode).

When using TMP86PS25 for evaluation of TMP86CM25/S25, the program is written in the program
storing area shown in Figure 1-1.

0000y 0000y 00Q0w
10004 1000, !
1
1 1
E i i Program
1
1 1 |
E Program i Program !
]
a s
! H E Don'tuse
FFFFy FFFFy FFFFy
MCU mode PROM mode
TMP86CS25 TMP86PS25
(a) ROM Size = 60 KByte
0000y 0000y ; 0000y
i 1 i .
i : ! Don't use
; | 7000,
| i ]
1
80¢0H 80¢0H E Program
1 ]
i Program E Program EF?FH
: | ! Don't use
FFFFy FFFFy FFFFy
MCU mode PROM mode
TMP86CM25 TMP86PS25

(b) ROM Size = 32 KByte

Figure 1-1. Program Memory Area

Note: The area that is not in use should be set data to FFH, or a general-purpose PROM programmer
should be set only in the program memory area to access.
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1.1.2 Data Memory
TMP86PS25 has a built-in 2 Kyte Data memory (static RAM).
1.1.3 Input/Output Circuitry o
(1) Control pins

The control pins of the TMP86PS25 are the same as those of the TMP86CM25/S25 except that the TEST
pin does not have a built-in pull-down resister.

(2) /O ports
The I/O circuitries of TMP86PS25 I/O ports are the same as the those of TMP86CM25/525.
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1.2 PROM Mode

The PROM mode is set by setting the RESET pin, the ports P11 to P10, P22 to P20, P61 and TEST as
shown in Figure 1-2. The programming and verification for the internal PROM is achieved by using a
general-purpose PROM programmer with the adapter socket.

Note: The high-speed program mode can be used. The setting is different according to the type of
PROM programmer to use, refer to each description of PROM programmer.
The TMP86PS25 does not support the electric signature mode, apply the ROM type of PROM
programmer to TC571000D/AD.

Always set the switch of Adapter socket to the N side when using TOSHIBA’s Adapter socket.

EPROM Adapter socket (TC571000 - 1MbitEPROM)

Vep (12.5V/5V) TMP86PS25

Vee
°
/ vDD |
TEST P21
P11 |
(| P57
to P13 |—CE
P50 P14 j«— OF
Al5to A0 I—_—>< SEG39 P15 [«— PGM
: to P70
SEG32 to } <:> DO to D7
- P77
——||——:L— XIN P61
CJ 8MHz P10
P20
—] XouT P22
VsS VAREF
GND RESET
777 777
PROM programmer connection adaptor sockets
BM 11172 for TMP86PS25F

Inside pin name for TMP86PS$25
Outside pin name for EPROM.

No pinis applied to A16 pin of TC571000 (open).

Figure 1-2. PROM Mode Setting
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1.2.1 Programming Flowchart (High-speed Program Writing)

The high-speed programming mode is set by applying 12.75 V (programming voltage) to the Vpp pin
when the Vcc is 6.25 V. After the address and data are fixed, the data in the address is written by
applying 0.1ms of low level program pulse to PGM pin. Then verify if the data is written.

If the programmed data is incorrect, another 0.1 ms pulse is applied to PGM pin.

This programming procedure is repeated until correct data is read from the address (maximum of 25
times).

Subsequently, all data are programmed in all addresses.

When all data were written, verify all address under the condition of Vog=Vpp=5V.

(s )
!

| Vee=625v |

!

| Vpp=12.75V |

!

l Address = Start Address l
|
Y
|

| w0 |
"y

l Program 0.1ms Puise |

!
| N=N+1 I

Address = Address + 1

t No

Last Address ?

Vee=5V
Vep=5V

Read All Data

Com

Figure 1-3. Programming Flowchart

Error i 'C Fail )
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1.2.2 Program Writing using a general-purpose PROM programmer
(1) Recommended OTP Adalptﬂer
BM11172; for TlVIPSéPé25F
(2) "Setting of OTP Adapter
Set the switch (SW1) to N side.
(3) Setting of PROM programmer

i) Set PROM type to TC571000D/AD.
VPP: 12.75 V (high-speed program writing)

ii) Data transmission (Note 1)

The PROM of TMP86PS25 is located on different addresses; it depends on operating modes: MCU
mode and PROM mode. When you write the data of ROM for TMP86CM25/S25, the data should be
transferred from the address for MCU mode to that for PROM mode before writing operation is
executed. For the applicable program areas of MCU mode and PROM mode are different, refer to
Figure 1-1 Program Memory Area.

Ex. In the block transfer (copy) mode, executed as below.
ROM capacity of 32 KB: Transferred address 8000y to FFFFy to addresses 7000y to EFFFy
ROM capacity of 16 KB: Transferred address C000q to FFFFy to addresses BO00y to EFFFy

iii)Setting of the program address (Note 1)

Start address: 7000y (When ROM capacity of 16 KB, start address is B000y.)
End address: EFFFy

(4) Writing program
Write and verify according to the above mentioned “Setting of PROM programmer.”

Note 1: For the setting method, refer to each description of PROM programmer.
Make sure to set the data of address area that is not in used to FF.

Note 2: When setting MCU to the adapter or when setting the adapter to the PROM programmer,
set the first pin of the adapter and that of PROM programmer socket matched. If the first pin
is conversely set, MCU or adapter or programmer would be damaged.

Note 3: The TMP86PS25 does not support the electric signature mode.

If PROM programmer uses the signature, the device would be damaged because of applying
voltage of 12 * 0.5 V to pin 9 (A9) of the address.
Do not use the signature.
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Electrical Characteristics

Absolute Maximum Ratings (Vss=0V)

Parameter Symbol Pins Rating Unit
Supply Voltage Vpp -0.3t06.5
Program Voltage Vpp TEST/Vpp -0.31t013.0 v
input Voltage Vin -03toVpp+0.3
Output Voltage Vourt -0.3toVpp+0.3
louT P6 Port . -1.8
Output Current (Per 1 pin) louT2 P1, P2, P34 to P36, P5, P6, P7 Port 3.2
fouTs P30 to P33 Port 30 mA
Output Current (Total) ZlouTi P1,P2,P34 to P36, P5, P6, P7 Port 60
SlouT? P30 to P33 Port 80
Power Dissipation [Top, =85C] PD T.8.D mwW
Soldering Temperature (time) Tsld 260 (10 )
Storage Temperature Tstg - -55t0 125 °C
Operating Temperature Topr -40to 85

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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Recommended Operating Condition | (Vgs=0V, Topr = - 40 to 85°C)
Parameter Symbol " " Pins Condition Min Max Unit
NORMAL1, 2 mode
fe=16MHz 1150, 1, 2 mode 43
NORMAL1, 2 mode
fe=8MHz 11 6.1, 2 mode 27
Supply Voltage Vpp NORMAL1, 2 mode 5.5 \
fe=4.2MHz [\ k0, 1, 2 mode
fs= SLOW1, 2 mode 1.8
32.768kHz |sLEEPQ, 1,2 mode
STOP mode
Viy1 | Except Hysteresis input Vpp x 0.70
Input high Level Viqz2 | Hysteresis input Voo = 4.5V Vpp % 0.75 Vpp Vv
Vins Vpp < 4.5V Vpp x 0.90
ViL Except Hysteresis input Vpp % 0.30
input low Level Viiz2 | Hysteresis input Voo = 4.5V 0 sz x 0.25 \%
ViLs Vpp < 4.5V Vpp % 0.10
Vin |V 1.0 1.375.
V2i)y | V2 LCDCTLI<REFV> = "1" 2.0 2.750
oltagerange | Van_|V3 VDD < va (Note 2 30 a5 | v
V4, (V4 4.0 5.500
V4 | va(Note3) LCDCTL1<REFV> = “0" - vDD
Vpp = 1.8t05.5V 4.2
Clock Frequency fc | XIN,XOUT Vpp = 2.7t05.5V 1.0 8.0 MHz
Vpp = 4.5t055V 16.0
fs | XTIN, XTOUT 30.0 34.0 kHz

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

Note 2: When LCDCTLI<REFV> issetto “1”, always keep the condition of Vpp < V4,

Note 3: When LCDCTL1<REFV> is set to “0”, always supply the reference voltage from V4 pin.
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DC Characteristics (Vss =0V, Topr = - 40 to 85°C)
Parameter Symbol R Pins Condition Min Typ. Max | Unit
Hysteresis Voltage Vys | Hysteresisinput - 0.9 - \
hN1 TEST
Input Current lin2 | Sink Open Drain, Tri-state Vpp=5.5V,Viy=5.5V/0V - - +2 LA
lin3 RESET, STOP
Input Resistance Rinz | RESET Pull-Up 100 220 450 kQ
Output Leakage ] Sink Open Drain, Tri-state \ 55V,V 5.5V/0V 2
in, Tri-sta =55V, =5. - -
Current Lo P DD out HA
Output High Voltage | Vou2 | Tri-st Port Vpp=4.5V,lon= —0.7mA 4.1 - - | v
Output Low Voltage VoL |Except XOUTP30toP33Port |[Vpp=4.5V,lo =1.6mA - - 0.4
Output Low Current o | "High Current Port Vop=4.5V, Vo =1.0V 20 A
utput Low Curr =45V, =1. - -

P L 1(P30to P33 Port) oD ot m
Supply Current in Vpp=5.5V - 6.2 9.0
NORMAL 1, 2 mode ViN=5.3/0.2V ’ A
Supply Currentin fc=16 MHz m
IDLE 0, 1, 2 mode fs = 32.768 kHz - 3.7 6.5
Supply Currentin _

SLOW 1 mode v 10 25
Supply Currentin Bb Vpp=3.0V
SngPy1 mode Vin=2.8V/0.2V - 45 15

- fs=32.768 kHz A
Supply Current in LCD driver is not enable. _ 35 13 s
SLEEP 0 mode )
Supply Currentin Vpp=5.5V _ 05 10
STOP mode ViN=5.3V/0.2V :
Note 1: Typical values show those at Topr =25°C, Vpp =5V
Note 2: Input current (Ijn1, 1N2); The current through pull-up or pull-down resistor is not included.
Note 3: Ipp does not include IRgF current.
Note 4: The supply currents of SLOW 2 and SLEEP 2 modes are equivalent to IDLEO, 1, 2.

86PS25-11 2001-05-11




TOSHIBA Under Development TMP86PS25
AD Conversion Characteristics
(Vss=0.0V,4.5V = Vpp =55V, Topr = -40 to 85°C)
Parameter Symbol Condition Min Typ. Max Unit
Analog Reference Voltage VAREF Vpp=1.5 - Vpp \Y
Analog Reference Voltage Range (Note 4) AVarer 3.0 - - Y
Analog Input Voltage Vain Vss - VAREF \Y
Power Supply Current of Vpp=Varer=5.5V
1 - X .
Analog Reference Voltage REF Vss=0.0V 0.6 1.0 mA
Non linearity Error - - +1
Zero Point Error Vpp=5.0V, Vss=0.0V - - 1 LSB
Full Scale Error Varer=5.0V - -
Total Error - - 2
(Vss=0.0V,2.7V = Vpp < 4.5V, Topr= -40to 85°C)
Parameter Symbol Condition Min Typ. Max Unit
Analog Reference Voltage VAREF Vpp-1.5 - Vop Y
Analog Reference Voltage Range (Note 4) AV ARErF 2.5 - - \
Analog Input Voltage Vain Vss - VAREF Y
Power Supply Current of Vop=Vargr=4.5V _
Analog Reference Voltage Irer Vgs=0.0V 0.5 08 mA
Non linearity Error - . 1
Zero Point Error Vpp=2.7V,Vgs=0.0V - - 1 LSB
Full Scale Error Varer=2.7V - - 1
Total Error - - 2
(Vss=0.0V,2.0V = Vpp <2.7V, Topr= -40to 85°C) Note 5
(Vss=0.0V,1.8V =V 20VT opr= - 10 to 85°C) Note 5
Parameter Symbol Condition Min Typ. Max Unit
Analog Reference Voltage VAREF Vpp~0.9 - Vpp \Y
1.8V = Vpp <2.0V 1.8 - -
Analog Reference Voltage Range (Note 4) AV arer DD Vv
20V = Vpp <27V 2.0 - -
Analog Input Voltage Vain Vss - VAREF \Y
Power Supply Current of Vop=Varer=2.7V B
Analog Reference Voltage Ine Vss=0.0V 03 0.5 mA
Non linearity Error - - 2
Zero Point Error Vpp=1.8V,Vss=0.0V - - 2 LSB
Full Scale Error Varer=1.8V - -
Total Error - - +

conversion line.
Note 2:

Note 3:
conversion value.

Note 4:
Note 5:

Conversion time is different in recommended value by power supply voltage.
About conversion time, please refer to “2.11.2 Register Configuration”.
Please use input voltage to AIN input Pin in limit of Vapgr - Vss,

When voltage of range outside is input, conversion value becomes unsettled and gives affect to other channel

Analog Reference Voltage Range: AV arer = Varer — Vss
When AD is used with Vpp < 2.7 V, the guaranteed temperature range varies with the operating voltage.

Note 1: The total error includes all errors except a quantization error, and is defined as maximum deviation from the ideal
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AC Characteristics (Vss=0V,Vpp=4.5t05.5V, Topr = - 40 to 85°C)
Parameter " symbol Condition Min Typ. Max | Unit
NORMAL 1, 2 mode
. , IDLEO, 1, 2 mode 0.25 - 4
Machine Cycle Time tey us
SLOW 1, 2 mode
117.6 - 1333
SLEEP O, 1, 2 mode
High Level Clock Pulse Width tweH For external clock 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) .
: fc=32.768 kHz - 15.26 - #
Low Level Clock Pulse Width twel .

(Vss=0V,Vpp=2.71t04.5V, Topr= - 40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
NORMAL 1, 2 mode
, , IDLEO, 1,2 mode 0.5 - 4
Machine Cycle Time tcy us
SLOW 1, 2 mode
117.6 - 133.3
SLEEP 0, 1,2 mode
High Level Clock Pulse Width tweH | For external clock operation (XIN input) 62.5 ns
Low Level Clock Pulse Width twcl fc=8 MHz : -
High Level Clock Pulse Width twcH For external clock operation (XTIN input)
- fc=32.768 kHz - 15.26 - us
Low Level Clock Puise Width twcl :

(Vss=0V,Vpp=1.81t02.7V, Topr= —40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
NORMAL 1, 2 mode
, , IDLEO, 1, 2 mode 0.95 - 4

Machine Cycle Time tcy s

SLOW 1, 2 mode
117.6 - 133.3

SLEEPO, 1, 2 mode

High Level Clock Pulse Width tWeH | For external clock operation (XIN input) 119.05 ns

Low Level Clock Pulse Width twcl fc=4.2 MHz : -

High Level Clock Pulse Width twcH For external clock operation (XTIN input) 15.26 s

Low Level Clock Pulse Width twel | fe=32.768kHz ) -

Timer Counter 1 input (ECIN) Characteristics | (Vss=0V, Topr= - 40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
' \F/r:: :in;{;n ;:S\L;rement mode Single edge count - - 1.0

Tetinput (ECINinput tres :/l:: :ezn;);;n :aSS\l;rement mode Single edge count - - 0.5 MHz
5‘::::?;);:;;screment mode Single edge count j i ez
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Recommended Oscillating Conditions - 1

(Vss=0V, Vpp=4.5t05.5V, Topr = - 40 to 85°C)

Oscillation Recommended Constant
Parameter Oscillator Recommended Oscillator
Frequency C C2
16 MHz MURATA  CSA16.00MXZ040 10 pF 10 pF
. MURATA CSA8.00MTZ 30 pF 30 pF
High-frequency ) 8 MHz - A
Oscillati Ceramic Resonator CST8.00MTW 30 pF (built-in) | 30 pF (built-in)
ion
scifla ' 419k MURATA  CSA4.19MG 30 pF 30 pF
. z
CST4.19MGW | 30 pF (built-in) | 30 pF (built-in)
Low-frequency .
e Crystal Oscillator 32.768 kHz S| VT-200 6 pF 6 pF
Oscillation

Recommended Oscillating Conditions - 2

(Vss=0V, Vpp=2.7t05.5V, Topr= - 40 to 85°C)

. Oscillation . Recommended Constant
Parameter Oscillator Recommended Oscillator
Frequency C C;
8 MHz MURATA  CSA8.00MTZ 30 pF 30 pF
High-frequency . CST8.00MTW 30 pF (built-in) | 30 pF (built-in)
L Ceramic Resonator
Oscillation 419 MH MURATA  CSA4.19MG 30 pF 30 pF
2 z
CST4.19MGW 30 pF (built-in) { 30 pF (built-in)

Recommended Oscillating Conditions - 3

(Vss =0V, VDD =1.8to5.5V, TOpT = —=40t0 85°C)

Oscillation . Recommended Constant
Parameter Oscillator Recommended Oscillator
Frequency C C
"High-f MURATA  CSA4.19MG 30 pF 0 pF
'9 'reqt..!ency Ceramic Resonator 4.19 MHz P o 30p o
Oscillation CST4.19MGW 30 pF (built-in) | 30 pF (built-in)
XIN XOouT XTIN XTOUT

oL L
1; ;—17;2

(1) High-frequency Oscillation

C D C
1/-7|— /;7,—2

(2) Low-frequency Oscillation

Note 1: An electrical shield by metal shield plate on the surface of IC package is recommended in order to protect the device
from the high electric field stress applied from CRT (Cathodic Ray Tube) for continuous reliable operation.

Note 2: TOYAMA MURATA MFG. CO., LTD. (JAPAN)

These product numbers and the corresponding specifications are subject to change.
For up-to-date information, please refer to the following URL;

http://www.murata.co.jp/search/index. htm!
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DC Characteristics, AC Characteristics (PROM Mode) | (Vss =0V, Topr = - 40 to 85°C)

(1) Read operation in PROM mode

Parameter Symbol Conditions Min Typ. Max Unit
High level input voltage (TTL) ViHa 2.2 - Vee \Y
Low leve input voltage (TTL) ViLa 0 - 0.8 Vv
Power supply Yee 475" 5.0 5.25 v
Power supply of program Vep
Address access time tacc Vee=5.020.25V - 1.5tcyc + 300 - ns

LNote: tcyc =500 ns at 8 MHz

A16t0 AD >L X

Ny L
AN\ LI
Ly ALY

tacc |

' High-z
D7 to DO Data output )m—-—
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(2) Program operation (High-speed) (Topr=25%5°C)

Parameter - *Symbol Conditions Min Typ. Max Unit
High level input voltage (TTL) Vina 2.2 - Vee \Y
Low leve input voltage (TTL) ViLa 0 - 0.8 \
Power supply Vee 6.0 6.25 6.5 Vv
Power supply of program Vpp 12,5 12.75 13.0 \Y
Pulse width of initializing program tpw  [Vcc=6.0V 0.095' 0.1 0.105 ms

High-speed program writing

AOto A16 X X

cE N Y,

oF A \ /

D7 to DO Unknown >—< Input data >—————
<l2W

v ¥

Vep //4 2 2 2 2 %

- Write -« Verify ———>

Note 1:

Note2 :

Note3 :

The power supply of Vpp (12.75 V) must be set power-on at the same time or the later time
for a power supply of Vcc and must be clear power-on at the same time or early time for a
power supply of Vcc.

The pulling up/down device on the condition of Vpp=12.75V * 0.25 V causes a damage for
the device. Do not pull up/down at programming.

Use the recommended adapter (see 1.2.2 (1)) and mode (see 1.2.2 (3) i).

Using other than the above condition may cause the trouble of the writting.

86PS25-16 2001-04-02




