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The information contained herein is subject to change without notice. 021023 D

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,\te comply 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, \badily injury or damage to
property.

In developing your designs, please ensure that TOSHIBA products are nsed within spécified-operating
ranges as set forth in the most recent TOSHIBA products specifications.

Also, please keep in mind the precautions and condition$/set) forth in_the (Handling Guide for
Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook® etc. 021023 A

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 ner-warrantedfor usage in equipment that requires
extraordinarily high quality and/or reliabilityor-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 devices, etc. Unintended
Usage of Toshiba products listed in'this-document shallbe-made at the customer's own risk. 021023 B

The products described. in thissdocument shall not be used or embedded to any downstream products
of which manufacture, use "and/or sale ate-prohibited under any applicable laws and regulations.
060106_Q

The information contained herein is presented only as a guide for the applications of our products. No
responsibility is/assumed by TOSHIBA for any infringements of patents or other rights of the third
parties which-may-result from its yse! No license is granted by implication or otherwise under any
patent.or patent rights of TOSHIBA or-others. 021023 C

The_products-described in thiy document may include products subject to the foreign exchange and
foreign-trade laws. 021023 ¢F

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. 030619 S
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TOSHIBA

Caution in Setting the UART Noise Rejection Time

When UART is used, settings of RXDNC are limited depending on the transfer clock specified by BRG. The com-
bination "O" is available but please do not select the combination "-".

The transfer clock generated by timer/counter interrupt is calculated by the followingequation :

Transfer clock [Hz] = Timer/counter source clock [Hz] + TTREG set value

RXDNC setting
11
) Transfer 01 10
BRG setting lock [H 00 . . (Reject pulses shorter
clock [Hz] . o (Reject pulses shorter |“(Rejectpulses shorter
(No noise rejection) . . than 127/fc[s] as
than 31/fc[s] as noise). [~than 63/fc[s] as noise) .
noise)
000 fc/13 (0] o o -
110 fc/8 (0] £ - -
(When the Fransfer clock gen- fc/16 o g _ _
erated by timer/counter inter-
rupt is thf-:‘ same as the right fc/32 o o o _
side column)
The setting except the above O 9] (®) (0]
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Comparison table of TMP86C829B/H29B/M29B/PM29A/PM29B/C929AXB and TMP86FM29 |:| Difference

TMP86C829B TMP86C929AXB
TMP86PM29A ] )
TMP86CH29B (Emulation chip) TMP86FM29F
TMP86PM29B
TMP86CM29B (Note 3)
8 K (Mask ROM)
ROM 16 K (Mask ROM) 32 K (OTP) - 32 K (Flash)
32 K (Mask ROM)
512
RAM 1.5K 1.5K - 2K
1.5K
110 42 pin 42 pin (MCU part) 42 pin
External . .
Interrupt Spin 5pin

AD Converter

10-bit AD converter x 8 ch

10-bit AD converter x 8 ch

Timer Counter

18-bit timer x 1 ch
8-bit timer x 4 ch

18-bit timer x1°¢ch
8-bit timer x 4 ch

Serial Interface

8-bit UART / SIO x 1 ch

8-bitUART / SIOx 1 ch

LCD 32 seg x 4 com 32 seg x/4)com (Note 2)
V}\</2ieounp 4ch 4(h
Operating 1.8t05.5V at 4.2 MHz 1.8105.25V at 4.2 MHz 1.%@2& MHz (External clock)
Voltage 2.7t05.5V at 8 MHz 2.7'0 5.25V at 8 MHz :8-16 3.6 V at 8 MHz (Resonator)
in MCU Mode 4.5t05.5V at 16 MHz 25 16'5.25 V at 16 MHz 7103.6 V at 16 MHz
Operating
Temperature 40 to 85°C 0to 60°C -40 to 85°C
in MCU Mode
Writing to ) 2.7 t0 3.6V at 16 MHz
Flash Memory 25°C £ 5°C
CPU Wait (Note 1) N/A Available

Note 1: The CPU wait is a CPU halt function for stabilizing-of power supply of Flash memory. The CPU wait

period is as follows. In the_CPU-wait period except RESET, CPU is halted but peripheral functions
are not halted. Therefore,.if the interrupt occurs during the CPU wait period, the interrupt latch is set.
In this case, if thé IMF has-been set to “1”,/the’ ihterrupt service routine is executed after CPU wait
period. For details referto 214 “Flash-Memory™inTMP86FM29 data sheet.
Thus, even if the same software is-executed~in 86FM29 and 86C829B/H29B/M29B/PM29A/PM29B
/C929AXB, the operation process is_not the-same. Therefore, when the final operating confirmation
on target./application is executed~ for software development of Mask ROM Product
(86C829B/H29B/M29B), not the Flash product (86FM29) but the OTP product (86PM29A/PM29B)
should be-used.

[ - Halt/Operate
Condition Wait Time :
CPU Peripherals
After reset release 210/fc[s] Halt Halt
Changing from STOP mode te/NORMAL mode 10
2 7 /fi Halt O t
(at EEPCR<MNPWDW> = *1%) cfs] a perate
Changing from STOP mode to SLOW mode 3
2°[f Halt O t
(at EEPCR<MNPWDW> = *1%) sts] a perate
Changing from IDLE0/1/2 mode to NORMAL mode 10
, 2 /fc[s] Halt Operate
(at EEPCR<ATPWDW> =“0")
Changing from SLEEP0/1/2 mode to SLOW mode 3
27/fs[s] Halt Operate
(at EEPCR<ATPWDW> =“0")
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TOSHIBA TMP86FM29

Note 2: The 86FM29 can not drive the 5V LCD panel because the electrical characteristics in 86FM29 is
altered from 86C829B/H29B/M29B/PM29A/PM29B/C929AXB. The recommended operating
condition of V3 pin in TMP86FM29 is 3.6V (max). For details, refer to “Electrical Characteristics”.
When the LCD booster circuit is used in 86FM29, connect the reference voltage and capacitor as
shown in "case2". Though the method of "casel1" has been recommended in 86C829B
/H29B/M29B/PM29A/PM29B datasheets, the 86FM29 should not use method of "case1". Even if the
method of "case1" is used in the 86C829B/H29B/M29B/PM29A/PM29B/C929AXB, the function and
operation are not issue at all. However, if the "case2" is used, the bogster ability becomes higher
than "case1". Therefore, when the application board is designed newly in—future, the method of
"case2" is also recommended in 86C829B/H29B/M29B/PM29A/PM29B/C929AXB.

_L VDD _CL VDD

V3 V3

V2 V2
Cco VA1
C

Ty

J%J

Reference voltage

€¥ (1v)
V1 —_L co T C
VSS Reference voltage VSS
i T av
Case 1 Case 2
(For 86C829B/H29B/M29B/PM29A/PM29B/C929AXB) (For 86FM29 and 86C829B/H29B/M29B/
PM29A/RM29B/C929AXB)

Note 3: Flash function, CPU wait period and serial PROM mgdé cannot be emulated in the 86C929AXB. If
the software including the flash fupctien\is~executed in~86C929AXB, the operation process differs
from 86FM29.

2004-03-01



TOSHIBA TMP86FM29

CMOS 8-Bit Microcontroller

TMP86FM29UG/FG

The TMP86FM29 is the high-speed, high-performance and low power consumption 8-bit
microcomputer, including FLASH, RAM, LCD driver, multi-function timer/counter, serial interface
(UART/SIO), a 10-bit AD converter and two clock generators on chip.

Product No. FLASH RAM Package Emulation Chip
TMP86FM29UG 32768 x 8 bits | 1536 x 8 bits |- ~04-1010-0.50E TMP86C929AXB
TMP86FM29FG P-QFP64-1414-0.80C

Feautures
¢ 8-bit single chip microcomputer TLCS-870/C series P-LQFP64-1010-0.50K

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

*

132 types and 731 basic instructions

¢ 19 interrupt sources (External: 5, Internal: 14)

Input/Output ports (39 pins)

*

(Out of which 24 pins are also used as-SEG pins)

¢ 18-bit timer counter: 1 ch P-QFP64-1414-0.80C

e Timer, Event counter,
Pulse width measurement,
Frequencymeasurement modes

¢ 8-bit timer counter: 4 ch

e Timer, Event counter,

PWM output, Programmable)divider output, TMPBEFM29FG
PPG output modes
¢ Time Base Timer
¢ Divider output function
030619EBP1

» The information contained heréin is subject to,change without notice.

» The information’ gontained herein is presented.only as a guide for the applications of our products. No responsibility is assumed by
TOSHIBA for any.infringements of patents or otherrights of the third parties which may result from its use. No license is granted by
implication or otherwise’under any patentor-patent rights of TOSHIBA or others.

* TOSHIBA is-continuatly'working to imprave 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 produets, to_comply 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 te_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..

e 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 devices, 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.

o TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced and sold, under any
law and regulations.

» 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.

86FM29-1 2004-03-01
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L2

*

*

Watchdog Timer

Interrupt source/reset output (programmable)

Serial interface

8-bit UART/SIO: 1ch

10-bit successive approximation type AD converter

Analog input: 8 ch

Four Key-On Wake-Up pins

LCD driver/controller

Built-in voltage booster for LCD driver

With displaymemory

LCD direct drive capability (max 32 seg x 4 com)

1/4, 1/3, 1/2duties or static drive are programmably selectable

Dual clock operation

Single/Dual-clock mode

Nine power saving operating modes

STOP mode

SLOW 1, 2 mode :
IDLE 0 mode :

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

SLEEP 2 modé

: Oscillation stops. Battery/Capacitor’back-up.

Port output hold/High-impédanece.
Low power consumptiof operation using low-frequency’clock (32.768 kHz)

: CPU stops, and peripherals opérate using high-frequency clock of

Time-Base-Timer. Release by falling edge¢ of TBTCR <TBTCK> setting.

: CPU stops, and peripherals operate using high/frequency clock.

Release by intérruputs.

¢ CPU stops, and peripherals operate using high and low frequency clock.

Release by linterruputs.

: CPU stops, and peripherals operate using low-frequency clock of

Time-Base-TFimer. Release by falling edge of TBTCR <TBTCK> setting.

¢ CPU stops;-and peripherals eperate using low-frequency clock.

Réleasé by interrupts.

CRUstops, and peripherals operate using high and low frequency clock.

Release by interrupts.

Wide operating voltage: 1.8 to 3.6 V at-8-MHz/32.768 kHz

2.7 t0"8.6-V-at-16 MHz/32.768 kHz

86FM29-2 2004-03-01



TOSHIBA TMP86FM29
Pin Assignments (Top View)
P-LQFP64-1010-0.50E
P-QFP64-1414-0.80C
~ 5T ®IToorN®
OO - -+ - v« «— «— —
[CRONOVNOGROGNOROURONONONV)
W oW W ow oW ow oW owowow
Nt e LORDLDNDNONDON
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OMNOUOTONTODNDONOL SO
SEGR2 eI ggTF T T T T I T ON MO DO P54 (SEG19)
SEG1 <] 50 31 prie> P53 (SEG20)
SEGO <1 51 30-HTr—T< P52 (SEG21)
COM3 «——11] 52 29 g« P51 (SEG22)
COM2 <10 53 28 I« P50/(SEG23)
COM1 «—11 54 27 3« P17 (SEG24/SCK )
COMO «—1m 55 26 o P16(SEG25/TXD/SO)
V3> 56 25 o (P15 (SEG26/RXD/SIBOOT)
V2 -1 57 24 mr«> P14 (SEG27/INT3)
V1—[11] 58 23 g« RP13(SEG28/INT2)
C1——] 59 22 %> P12(SEG29/INT1)
CO0—>—1 60 21 <> R11/(SEG30)
(DVO ) P30 &1 61 20 fr=4> /P10 (SEG31)
(PWM3 /PDO3 /TC3) P31 «> =1 62 19 rT—1%=AVDD
(PWM4 /PDO4 / PPG4 /TC4) P32 «>CI 63 O 18/ «— VAREF
(PWM6 / PDOG / PPGE /TC6) P33 >[I g4 5« o0 o 17JI3e P67 (AIN7/STOPS5)
AN O TA[ONWO O~ — =
HFHEHEEHEEHEHERHEHE
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<N zelpezEsgey
>3] Eggozooo
CE ~=SEWUSEEE
X la S 32RQ0
~ {0-Zz7<F00
h<3<zZz
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86FM29-3
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TOSHIBA TMP86FM29

Block Diagram

1/0O Port (Segment Output)
P77 (SEG8) P57 (SEG16) P17 (SEG24)

Common outputs Segment outputs to to to
COM3 to COMO SEG7 to SEGO P70 (SEG15) P50 (SEG23) P10 (SEG31)
=~ =~ P P S
Power {VDD —+—> > > |« N
Supply VsSs >
LCD driver circuit
N ]} T
c1 > | Address/Data’ Bus
LCD Power V1 5] LCD Voltage
Supply V2 3| booster circuit II II
V3 > TLCS-870/C Data Memory\ |\|Program’Memory|
< 3. CPU (RAM) RAM
Reset I/0 RESET™ System Control Circuit
Test Pin TEST >
~—>|Standby Control Circuit A4
> (Key-On Wake-Up) <—| Interrupt Controller |
i 1 i r ]
Timing Generator >
Time Base Timer 18-bit 8-bit
Eesona';_or {XIN »| High Timer/Counter || Timer/Gounter UARIISIO
onnecting < slfrequenc
) XOUT <€ q Y| Clock
Pins Tow | Generator Watchdog fimer TC1 Tcgre4reslteg]| SIo | UART
frequency] = W 7Y 7Y /Y
I
a YoV < \4 L L
Y | Address/Data Bus
Py P3 —— N
P2l [ o] 7
- | AD/Converter
% J
A
P22 to P20 AVDD P67t(AIN7) P33 to P30
0
VAREF P60 (AIND)
\ Y )
1/0 Ports Analog reference /O Ports
Pins

86FM29-4 2004-03-01
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Pin Functions

P11 (SEG30)

/O (Output)

P10 (SEG31)

/O (Output)

Pin Name Input/Output Functions

P17 (SEG24, SCK ) I/0 (1/0) Serial clock input/output

P16 (SEG25, TxD, SO) |  1/O (Output) N _ UART data output
8-bit input/output port with latch. Serial data output
When used as input port, an external UART data input

P15 (SEG26, RxD, SI /0 (10) interrupt input, serial interface Serial data‘input

BOOT) input/output and UART data Serial PROM mede control | LCD segment

input/output, the P1LCR must be set to | input outputs.

P14 (SEG27, INT3) 1/O (1/0) “0” after setting output latch to “1”. External-interrupt 3 input

P13 (SEG28, INT2) 1/0 (1/0) When used as a LCD segment output, | External jntércupt 2 input

P12 (SEG29, INT1) /0 (1/0) the P1LCR must be set to “1". External interrupt 1 input

P70 (SEG15)

/O (Output)

When used as a LCD segment output,
the P7LCR must be set to “1”.

P22 (XTOUT) /O (Output) Resonator connecting pins (32.768 kHz)
3-bit input/output port with latch. When | Forinputting external clock; XTIN is used and
P21 (XTIN) /0 (Input) used as an input port, the output lateh~_| XOUT is opened.
[ must be set to “1”. i i
P20 (INT5 , 5TOP ) /O (Input) External |.nterrL.1pt input 5'or STOP mode
release/signal input
P33 (PWMe6 , PDO6 10 (1/0) 4-bit programmable input/output-port Timer countorBuapSaltohl
— i u inpu u
PPG6, TC6) (Nch high current output). S g
P32 (PWM4 , PDO4 When used as a timer/counter output or | \
PPG4 , TC4) VG (I/0) divider output, the ‘output latch/must be Timer eguntord)input/output
P31 (PWM3 , PDO3 , set to “1”. When used as.an input port ) _
TC3) /0 (1/O) or timer/counter|inpUt, the P3OUTCR | Timer codnter 3 input/output
J— must be set 10 0 after P3DR is set to
P30 (DVO ) 1/O (Output) o Divider-output
P57 (SEG16) to 8-bit input/output port with latch.
P50 (SEG23) 1/O (Output) When'used as\a LCD segment output,~.| LCD segment outputs
the P5LCR-must be set to “1”.
P67 (AIN7, STOP5) I/0 (Input) 8-bit programmable input/output port [ STOP 5 input
(tri-state). Each bit of this/paort can be .
P66 (AING, STOP4) VO (Input) individually configured as ‘an.input or an STOP 4 input
P65 (AIN5, STOP3) 170 (Input) gutput under software-contral, When STOP 3 input
P64 (AIN4, STOP2) 1/O_(tnput) Usedt 23 antina‘l‘l(())’g i;put, ttf:_e PGCtR t STOP 2 input AD converter
P63 (AIN3, INTO) 1/0 (Input) Irztlj:sh toe“(s)? V\(;hen isZ:jS:s :r?i(r?:uptu External interrupt 0 input | analog inputs
P62 (AIN2, ECNT) 70 (Input) port, a key onwake Up-input, an . .
P61 (AIN1, ECIN) 1/0"(aput) externalinterruptinput and timer/ Timer/Counter 1 input
counterinput, the P6CR must be set to
P60 (AINO) /O (Input) “0” after setting-output latch to “1”.
P77 (SEGS8) to 8-bit.input/output port with latch.

LCD segment outputs

SEG7 to SEGO LCD, segment outputs
Output

COM3 to-EOMO LCD common outputs
V3to W LCD vgltage. | LCD voltage booster pin.
C1to CO booster pin Capacitors are required between C0O and C1 pin and V1/V2/V3 pin and GND.

Resonator connecting pins for high-frequency clock.
XIN, XOUT Input Output ) . ) .

nput Uiipd For inputting external clock, XIN is used and XOUT is opened.

RESET e, Reset signal input or watchdog timer output/address-trap-reset output/system clock

reset output
TEST Inout Test pin for out-going test, and the serial PROM mode control pin. Usually be fixed to

P low level. When the serial PROM mode starts, be fixed to "1".

VDD, VSS +5V, 0 (GND)
VAREF Power Supply | Analog reference voltage inputs (High)
AVDD AD circuit power supply

86FM29-5
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TOSHIBA TMP86FM29

Operational Description
1.  CPU Core Functions

The CPU core consists of a CPU, a system clock controller, and an interrupt controller.
This section provides a description of the CPU core, the program memory, the data memory, the
external memory interface, and the reset circuit.

1.1 Memory Address Map

The TMP86FM29 memory consists of 5 blocks: FLASH memory,;, BOOT ROM, RAM, DBR
(Data buffer register) and SFR (Special function register). They/are) all mapped in 64-Kbyte
address space. Figure 1.1.1 shows the TMP86FM29 memory-address map. The general-purpose
registers are not assigned to the RAM address space.

0000H
SFR | 64 bytes
8825"’ FLASH memory>~FLASH memory includes:
! H FLASH memory
I Vector table
RAM | 1536 bytes BOOT-ROM: FLASH writing program
| RAM: Random Access-Memary includes:
063IFH Data memory
i : : Stack
OF80H SFR: Special Function Register includes:
DBR | 128 bytes I/0O ports
OFIéFH Peripheral control registers
38(:)0 ! ! Peripheral/status registers
BOOT ROM 1 H System-control registers
i 2048 bytes Intefrupt control registers
3FFFH ! Program Status Word
8000, | | DBR:_Datd Buffer Register includes:
i Pefipheral control registers
| Peripheral Status registers
: 32688bytes
|
|
i
FLASH memory !
|
|
FFBOY _
FFBFy 16 bytes Vector table for interrupts (8 vectors)
|’=:|:F|§|8H 32 bytes Vector table for vector call instructions (16 vectors)
H
FFEOH 32 bytes Vector table for interrupts/reset (16 vectors)
FFFFH

Figure 1.1.1 Memory Address Maps

1.2 —Program Memory (FLASH)
The TMP86FM29has a.32 K x 8 bits (Address 8000H to FFFFH) of Flash memory.

86FM29-6 2004-03-01
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1.3

Data Memory (RAM)

The TMP86FM29 has 1536 bytes 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: Clears RAM to “00H".

LD HL, 0040H ;  Start-address setup
LD A H ; Initial/valde (O0H) setup
LD BC, 05FFH ;
SRAMCLR: LD (HL), A
INC HL
DEC BC
JRS F, SRAMCLR

86FM29-7 2004-03-01
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1.4 System Clock Controller

The system clock controller consists of a clock generator, a timing generator, and a standby
controller.

Timing generator control register

,---Clock generator - - -,

! 1 0036H
XIN '

1

1

1

1

1
|
1
= Hlighl;freql_JI(Ier;cy i fc >
: gi: clock oscifiator | Timing Standby controller
XOUT i i - generator
\ 1
XTIN : i AN
Low-frequency | ' fs
= | -
| clock oscillator ! Systerheladks
. | 0038H 0039y
¢
XTOUT | « | syscri | | syscr2 |
1 1

Clock generator-control -
""""""""" System control registers

Figure 1.4.1 System Clock Control
1.4.1 Clock Generator

The clock generator generates thebasicelock which prevides the’system clocks supplied
to the CPU core and peripheral hardware. It contains two/d@scillation 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 lowsfrequency (fs) clocks ¢an easily be obtained by connecting
a resonator between the XIN/XOUT and XTIN/XTOUT pins respectively. Clock input from
an external oscillator\is.also possible. In this'case, external clock is applied to XIN/XTIN
pin with XOUT/XTOUT pinnot connected.

e High-ffequency cloeck-—=#----------+ Y N Low-frequency clock - -------------- !
! /! 1
i XIN XOouT XIN XOUT-_ i XTIN XTOUT XTIN XTOUT |
1 ! 1 !
: O N O |
1 ! 1 !
! (Open) T (Open)
i : : =
! P! i
- ¥ R it |
1 ! 1 !
i (a) Crystal/Ceramic resonator (b) External-oscillator i i (c) Crystal (d) External oscillator i
CH N N N Ny Y40 N, S R ]

Figure-1:4.2" Examples of Resonator Connection

Note: The functionte_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.

86FM29-8 2004-03-01
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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.
a. Generation of main system clock
b. Generation of divider output (DVO) pulses
c. Generation of source clocks for time base timer
d. Generation of source clocks for watchdog timer
e. Generation of internal source clocks for timer/counters and serial interface
f.  Generation of warm-up clocks for releasing STOP mode
(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 cyclecounters.

An input clock to the 7th stage of the‘divider depends on the’ cperating mode,
TBTCR<DV7CK>, that is shown(in~Figure 1.4.4. As reset land STOP mode
started/canceled, the prescaler and the divider are cleargd to“07.

- fc orfs 7
; Main system clock generator, |—>| Machine cycle counters
A
SYSCR2<SYSCK>
TBTCR<DV7CK>

High-frequency

fcl4 Dividey

clock fc

Low-frequency

89 (10[11]12|13]|14{15|16(17]18[19]|20{21

112 112131415
17

Multiplexer

clock fs

Timer/counters

Serial interface

[ 1
VYV ¥

A0 YO
A1 Y1P>» |Warm-up
E controller

Y

|

]Watchdog timer

Time Base Timer

Divider output

KAAAAAA )UU\)UUUU\IT+
YVYVYY

E3
[

circuit

YYVYY VVVVVVI

Figure 1.4.3 Configuration of Timing Generator
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TBTCR 7 6 5 4 3 2 1 0
(0036y)  |OVOEN)|  (dvock) | pvzck | (TBTEN) | | (TBTCK),| | (Initial value: 0000 0000)

DV7CK Selection of i.n.put to the 7th|O0: fc/2® [HZ] RIW
stage of the divider 1:fs

Note 1: In single clock mode, do not set DV7CK to “1”.

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

Note 3: fc: High-frequency clock [HZz], fc: Low-frequency clock [Hz], *: Don’t care

Note 4: In SLOW1/2 and SLEEP1/2 modes, the DV7CK setting is ineffective, and fs'is input to the 7th stage of the
divider.

Note 5: When STOP mode is entered from NORMAL 1/2 mode, the DV7CK<setting is ineffective during the

warm-up period after release of STOP mode, and the 6th stage of the divider is input to the 7th stage during

this period.

Figure 1.4.4 Timing Generator Control-Register

(2) Machine cycle

Instruction execution and peripheral hardware operation are ‘synchronized with the
main system clock.

The minimum instruction execution.unit4s called an/Smachine’ cycle”. There are a
total of 10 different types of instructions for the TLCS=870/C series: ranging from
1-cycle instructions which réquire~one machine cycle for” execution to 10-cycle
instructions which require 10 machine cycles for execution.

A machine cycle consists of 4 states (S0/tg S3);~and each state consists of one main
system clock.

1I/fc or 1/fs [?]

[ —
Main system clock —l |

State S0

S1

S2

S3 so | st [ s2 [ s3 |

Machine cycle

Figure-1.4.5 Machine Cycle
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1.4.3

Operation Mode Control Circuit

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 1.4.6 shows the operating mode transition diagram‘and Figure 1.4.7 shows the

system control registers.

(1) Single-clock mode

Only the oscillation circuit for the high-frequeney clock/s 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].

a.

NORMAL1 mode

In this mode, both the CPU core\and ‘on-chip peripherals Joperate using the
high-frequency clock.

The TMP86FMZ29 is placed in'this mode after reset;

IDLE1 mode

In this mode, the internal oscillation circuit\remains active. The CPU and the
watchdog timer are halted;-hewever on-chip_periphefrals remain active (Operate
using the high-frequency clock).

IDLE1 mode is (started by SYSCR2<IDLE>, /and IDLE1 mode is released to
NORMALI1 mode by ari 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 resurhe-with\the acceptance of the interrupt, and the
operationywill return to normad afterthe interrupt service is completed. When the
IMFis “OZ (Interrupt disable), the execution will resume with the instruction
which follows the IDEE1 modé/start instruction.

IDEEO-mode

In this mode, all the circuit, except oscillator and the time-base-timer, stops
operation.

This mode js 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 cloek 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 IDLEO 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”, EF6 (TBT interrupt individual
enable flag) = “1”, and TBTCR<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.
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(2) Dual-clock mode

Both the high-frequency and low-frequency oscillation circuits are used in this mode.
P21 (XTIN) and P22 (XTOUT) pins cannot be used as input/output ports. The main
system clock is obtained from the high-frequency clock in NORMALZ2 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 ps
at fs = 32.768 kHz) in the SLOW and SLEEP modes.

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

a. NORMALZ2 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.

b. SLOW2 mode

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

c. SLOWI1 mode

This mode can-be-used to reduce power-consumption by turning off oscillation of
the high-frequency\clock. The CPU cere 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 régister 2 (SYSCR2). In SLOW1 and SLEEP mode,
the mnputclock to theIst stage of the divider is stopped; output from the 1st to 6th
stages 1s also stopped.

d/ 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
releaging of IDLE2 mode are the same as for IDLE1 mode, except that operation
returns to NORMALZ2 mode.

e. SLEEPI1 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.
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f. 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.

g. SLEEPO mode

In this mode, all the circuit, except oscillator and the time-base-timer, stops
operation.

This mode is enabled by setting “1” on bit TGHALT on the system control
register 2 (SYSCR2).

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

When returned from SLEEPO mede;, the \CPU restarts/operating, entering
SLOW1 mode back again. SLEEPO mode)is entered and teturned regardless of
how TBTCR<TBTEN> is set. WhenIMF = “1”, EF6 (BT interrupt individual
enable flag) = “1”, and TBTCR<TBTEN> = “1”, interrupt processing is performed.
When SLEEPO mode is entéred while TBTCR<TBTEN> = “1”, the INTTBT
interrupt latch is set after returning to SLOW1 mode.

(3) STOP mode

In this mode, the internal escillation eircuit is \turned off, causing all system
operations to be halted.(Theinternal status imumedigtely 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 or key on-wakeup pin input which is enabled by STOPCR.
After/the warmt=up period is completed, the execution resumes with the instruction
which follows-the STOP mode start/instruction.

Note - When the- IDLEO/1/2/ and SLEEPO/1/2 modes are started with the
EEPCR<ATPWDW> = “0”, the CPU wait period for stabilizing of the power
supply of Flash control circuit is executed after being released from these
mode.

Note 2: Whenthe STOP mode is started with the EEPCR<MNPWDW> =“1”, the CPU
wait,_period for stablizing of the power supply of Flash control circuit is
executed after in the STOP warm-up time.
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IDLEO
mode Reset release
A
(Note 2)
SYSCR2<TGHALT> =“1"
SYSCR2<IDLE>="1" A SYSCR1<STOP> = “}”"
IDLE1 [‘ NORMAL1 ’J
mode 3 mode L
Interrupt K STOP pin input
(a) Single clock mode SYSCR2<XTEN> — 0" SYSCR2<XTEN> = “1”
SYSCR2<IDLE> =“1" A SYSCR1<SFOP><= “1*
IDLE2 [< NORMAL2 >]
mode > mode <
Interrupt x STOP | pin input
SYSCR2<SYSCK>=“1"
SYSCR2<SYSCK> =“0"
SYSCR2<IDLE> =“1" A4
SLEEP2 [< SLOW2
mode 5 mode
Interrupt 7
SYSCR2<XEN> = “0"
SYSCR2<XTEN> =“1"
SYSCR2<IDLE> ="“1" A SYSCR1<STOP>="Y1"
SLEEP1 [< SLOW >]
mode < made <
Interrupt /) STOP “pin-input
SYSCR2<TGHALT> = “1”
(Note 2)
(b) Dual clock mode A
SLEEPO
mode

RESET

STOP

Note 1: NORMAL1/and-NORMAL2 modes are generically called NORMAL; SLOW1 and SLOW?2 are called SLOW,;
IDLEO;\IDLE1 and IDLE2 are-called IDLE;SLEEPO, SLEEP1 and SLEEP2 are called SLEEP.
Note 2: The mode isreleased by falling-edge of TBTCR<TBTCK> setting.
Oscillator Other Machine
Operating Mode CPU Core TBT ] I_
High Frequency| Low Freguency Peripherals | Cycle Time
RESET Reset Reset Reset
NORMAL1 A Operate 4ffc [s
Single DLES Oscillation std P o i Operate s
Clock p perate
IDLEQ Halt
Halt -
STOR Stop Halt
NORMAL2 O te with high fi
perate with high frequency 4fc [s]
IDLE2 - Halt
Oscillation -
SLOW2 Operate with low frequency
_ Operate
Dual | SLEEP2 Oscillation Halt Operate afs 8]
s [s
Clock | SLOW1 Operate with low frequency
SLEEP1
Stop
SLEEPO Halt
Halt -
STOP Stop Halt

Figure 1.4.6 Operating Mode Transition Diagram
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System Control Register 1

SYSCR1 7 6 5 4 3 2 1. 0__
(0038y) | sTop | RELM | RETM [outeN|  wur | C ! (Initial value: 0000 00**)
0: CPU core and peripherals remain active
STOP | STOP mode start 1: CPU core and peripherals are halted (Start STOP mode)
Release method for STOP pin | 0: Edge-sensitive release
RELM "
(P20) 1: Level-sensitive release
RETM Operating mode after STOP | 0: Return to NORMAL1/2 mode
mode 1: Return to SLOW1 mode
OUTEN Port output during STOP 0: High impedance R/W
mode 1: Output kept
Return to NORMAL mode | /Return to SLOW mode
. . 00 3x2"%fc + (2'%fc) 3x 2"%s + (2%fs)
Warm-up time at releasing 16 % 13 3
WUT 01 2%fc + (2("/fc) 2%fs + (2°/fs)
STOP mode (Note 8) 14 ». 6 3
10 3x2%fc + (2 /fc) 3x2°Mfs + (2°/fs)
11 2"/ A+~ (2'%fc) 2%ls +(2°/fs)
Note 1: Always set RETM to “0” when transiting from NORMAL mode to STOP mode. Always set RETM t6 “1” when
transiting from SLOW mode to STOP mode.
Note 2:  When STOP mode is released with RESET pin input, & return is made to NORMAL/1 regardless of the
RETM contents.
Note 3: fc: High-frequency clock [HZz], fs: Low-frequency clock [HZ], *: Don’t care
Note 4: Bits 1 and 0 in SYSCR1 are read as undefined\data when a read instructioryis executed:
Note 5: 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.
Note 6: When the key-on wake-up input (STOP2+to0 STOP5) is used, RELM should be set to “1”.
Note 7: Port P20 is used as STOP pin. Therefore,; when stop mode is started, OYTEN does not affect to P20, and
P20 becomes High-Z mode.
Note 8: When the STOP mode is started with the-EEPCR<MNPWDW= =1""the CPU wait period for stabilizing of

the power supply of Flash control circuit is executed after in the STOP warm-up time.
(The CPU wait period for FLASH.is.shown in parentheses)

System Control Register 2

SYSCR2 7 6 5 4 \_3__ 2 N . 0
(00394) | XEN | XTEN |sysck| DLE |, [TGHALT| -\ C ! (Initial value: 1000 *0**)
. . 0: Turn_off oscillation
XEN High-frequency oscillator control 17Turn on oscillation
XTEN Low-frequency oscillator control 0: Jym off osc!llat!on
1. Furn on oscillation
Main-system clock selgct (write)/main ~ 0: High-frequency clock
SYSCK system clock monitor (read) 1: Low-frequency clock RIW
CPU and watchdog timer control 0: CPU and watchdog timer remain active
IDLE (IDLE1/2, SLEEP1/2 mode) 1: CPU and watchdog timer are stopped
’ (start IDLE1/2, SLEEP1/2 mode)
TG control 0: Feeding clock to all peripherals from TG
TGHALT (IDLEO, SLEEPQ mode) 1: Stop feeding clock to peripherals except TBT from
; TG. (Start IDLEO, SLEEPO mode)
Note-¥: Areset is applied (RESET  pin output goes low) 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 2: *: Don’t care, TG: Timing generator
Note 3: Bits 3, 1and 0 in SYSCR?2 are always read as undefined value.
Note 4: Do not set IDLE and TGHALT to “1” simultaneously.
Note 5: 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>.
Note 6: When IDLE1/2 or SLEEP1/2 mode is released, IDLE is automatically cleared to “0”.
Note 7:  When IDLEO or SLEEPO mode is released, TGHALT is automatically cleared to “0”.
Note 8: Before setting TGHALT to “1”, be sure to stop peripherals. If peripherals are not stopped, the interrupt latch

of peripherals may be set after IDLEO or SLEEPO mode is released.

Figure 1.4.7 System Control Registers
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1.4.4  Operating Mode Control

(1) STOP mode

STOP mode is controlled by the system control register 1, the STOP pin input and
key-on 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 SYSCR1<STOP> to “1”~During STOP mode, the
following status is maintained.

a. 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”.

d. The program counter holds the addfess /2 ahead of the instruction (e.g. [SET
(SYSCR1).7]) which started STOP modé.

STOP mode includes a level-sensitive~mode and an edge-sensitive mode, either of
which can be selected with the SYSCR1<RELM>. Do not, use-any STOPx (x: 2 to 5) pin
input for releasing STOP mod¢ in-edge*sensitive madey

When the STOP mode is\started with the’ EEPCR<MNPWDW> = “1”, the CPU wait

period for stabilizing of the paower supply of &lash control circuit is executed after in the
STOP warming-up tinie:

Note 1: The STORP\mode)can be released by either the STOP or key-on wake-up pin
(STOP2to STOP5). However, bécause the STOP pin is different from the key-on
wake-Up /and can not inhibit therelease input, the STOP pin must be used for
releasing"STOP mode.

Note 2:_Duringstop period (from.start of STOP mode to end of warm-up), due to changes in
the.external interrupt-pin-signal, interrupt latches may be set to “1” and interrupts
may-be acceptediimmediately 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.

a) ) Level-sensitiverelease mode (RELM = “1”)
In this mode, STOP mode is released by setting the STOP pin high or setting

the STOPx (x:2to 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, executing an instruction which starts STOP
mode will not place in STOP mode but instead will immediately start the release

sequence (Warm-up). Thus, to start STOP mode in the level-sensitive release
mode, it is necessary for the program to first confirm that the STOP pin input is

low. The following two methods can be used for confirmation.
a. Testing a port P20.
b. Using an external interrupt input INT5 (INT5 is a falling edge-sensitive
input).
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Example 1: Starting STOP mode from NORMAL mode by testing a port P20.

LD (SYSCR1), 010100008 ; Sets up 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

Example 2: Starting STOP mode from NORMAL mode with an INT5%nterrupt.
PINTS: TEST (P2PRD). 0 ; To rejectnoise, STOP mode does not
start if port P20, is-at high

JRS F, SINT5
LD (SYSCR1), 01010000B ;  Sets-upthe level-sensitive release mode.
SET (SYSCR1).7 . Starts’STOP mode

SINTS: RETI

Only whén EEPCR<MNPWDW> is “1”.
(The CPU wait period is added.)
|

X
voursn [0 # TS I ]

A i STOP I |
«———STOP operation————f«— >i€ i<
'(\)l;())er\r’gfif)\h - ’% p - Warm-up ~/CPU wait '

STOP pin \ Y

T 27

3N

NORMAL
operation

period
STOP mode'is-released by the hardware.
Alwaysteleased‘ifthe STOP pin
input is high.
Note: When the STOP mode is started with the EEPCR<MNPWDW=>="1% the-CPU wait for stabilizing of the power

supply of Flash control circuit is executed-after in the STOP warming-up time.

Figure 1.4!8 Leyel-sensitive Release-Mode

Note 1: Even.if the \STOP pin input.islow after warming up start, the STOP mode is
notrestarted.

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-pewer/consuimption 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 nét~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
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Only when EEPCR<MNPWDW> is “1”.
(The CPU wait period is added.)
C

STOP pin i \_gs_jrv'H \ // ;:ﬁ \
XOUT pin |—I “ i_C | / | gg

f 1 7/
NORMAL operation —>»0€«— STOP operation —»l¢~ STOP S>> NORMAL. 5 sTOP operation —

/ Warm-up 'CPU wait operation
\ period
STOP mode started

by the program. \—STOP mode is released by the-hardware at the rising edge
of STOP pin input.

Note: When the STOP mode is started with the EEPCR<MNPWDW> =<1*.the'CPU wait/for stabilizing of the power

supply of Flash control circuit is executed after in the STOP warm-up-time:

Figure 1.4.9 Edge-sensitive Release Mode

STOP mode is released by the following sequence.

a. In the dual-clock mode, whén /veturning) to \NORMAL2, both the
high-frequency and low-frequency clock oscillators_are (turhed on; when
returning to SLOW1 mode;.onlythe low-frequéncy cloek oscillator is turned
on. In the single-clo¢k \mode,yonly the high-frequency clock oscillator is
turned on.

b. A STOP warm-up period is inserted to \allow vscillation time to stabilize.
During STOP~warm-up, all imternal operations remain halted. Four
different STOP warm-up times ¢an be selected with the SYSCR1<WUT> in
accordance with\the resonator characteristics.

c. When the EEPCR<MNPWDW> is “1%, _the CPU wait period is inserted to
stabilize the. power supply <of Flash control circuit. During CPU wait,
though €PU gperations remain halted, the peripheral function operation is
resumed, and the counting of the/timing generator is restarted. After the
CPU/ wait is finished,—normal operation resumes with the instruction
followirig the STOP mode start instruction.

d./ When the EEPCR<MNPWDW?> is “0”, normal operation resumes with the

instruction following the STOP mode start instruction after the STOP
Warm-up.

Note 1: When the STOP mode is released, the start is made after the prescaler and
the divider of the timing generator are cleared to “0”.

Note 2: STOR.maode can also be released by inputting low level on the RESET pin,
which immediately performs the normal reset operation.

Note 3: 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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Table 1.4.1 Warm-up Time Example (at fc = 16.0 MHz, fs = 32.768 kHz)

WUT

Warm-up Time [ms] (Note 2)

Return to NORMAL Mode

Return to SLOW Mode

00
01
10
11

12.288 + (0.064)
4.096 + (0.064)
3.072 + (0.064)
1.024 + (0.064)

750  +(0.244)
250  +(0.244)
5.85 + (0.244)
1.95 + (0.244)

Note 1: The warm-up time is obtained by dividing the basic\clock by the divider:

Note 2: The CPU wait period for FLASH is shown in parentheses.

therefore, the warm-up time may include a certainnamount of error if there is
any fluctuation of the oscillation frequency (whéer STOP mode is released.
Thus, the warm-up time must be considered an-approximate value.
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Figure 1.4.11 STOP Mode Start/Release (When EEPCR<MNPWDW?> = “17)
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(2) IDLE1/2 mode, SLEEP1/2 mode

IDLE1/2 and SLEEP1/2 modes are controlled by the system control register 2
(SYSCR2) and maskable interrupts. The following status is maintained during these
modes.

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

b. The data memory, CPU registers, program status word and port output latches
are all held in the status in effect before these modes weére entered.

¢. The program counter holds the address 2 ahead of the’instruction which starts
these modes.

Y

Starting IDLE1/2
and SLEEP1/2 modes
by instruction

v
| CPU, WDT are halted |

Yes

Resetinput Reset

Interrupt request

“qn

EEPCR<ATPWDW=

CPU wait

No

(Normal release.mogde) Yes/ (Interrupt release mode)

| Interrupt processing

o

Execution of the
instruction which follows
theIDLE1/2 and SLEEP1/2
modes start instruction

<

Note 1: EEPCR<ATPWDW>is a bit1 in EEPCR, which is a control bit of the power supply circuit for flash.

Note 2: During CPU wait, though CPU operations remain halted, the peripheral function operation is resumed.

Therefore in this time, though the interrupt latch might be set, interrupt operation is not executed until the
CPU wait is finished.

Figure 1.4.12 IDLE1/2, SLEEP1/2 Modes
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(@

Start the IDLE1/2 and SLEEP1/2 modes
When IDLE1/2 and SLEEP1/2 modes start, set SYSCR2<IDLE> to “1”.

Release the IDLE1/2 and SLEEP1/2 modes

IDLE1/2 and SLEEP1/2 modes include a normal release mode and an interrupt
release mode. These modes are selected by interrupt master enable flag IMF).

After releasing IDLE1/2 and SLEEP1/2 modes, the SYSCR2<IDLE> is
automatically cleared to “0” and the operation mode (is returned to the mode
preceding IDLE1/2 and SLEEP1/2 modes.

When the IDLE1/2 and SLEEP1/2~ modes/ are started with the
EEPCR<ATPWDW> = “0”, the CPU wait period fer stabilizing of the power supply
of Flash control circuit is added before the/dperation mode is returned to the
preceding modes. The CPU wait time of IDLE1/2-is 21/fc [s] and that of SLEEP1/2
mode is 23/fs [s].

IDLE1/2 and SLEEP1/2 modes can also-bereleased by inputting low level on the
RESET pin. After releasing reset, the opération mode is started from NORMAL1

mode.

Note: During CPU wait, though \CPU-operations remain halted,-but the peripheral
function operation is fesumed, Therefore in(this time, though the interrupt
latch might be set,-interrupt operation is net-executed until the CPU wait is
finished.

Normal release modé-(IMF =¥0”)

(b)

IDLE1/2 and SLEEP1/2'modes are released by any interrupt source enabled by
the individual interruptenable flag (EF)-After the interrupt is generated, the
program operation, is resumed from the instruction following the IDLE1/2 and
SLEEP1/2 modes start instruction. Normally, the interrupt latches (IL) of the
interrupt-source uséd for releasing must be cleared to “0” by load instructions.

Interrupt.release mode (IME=“17)

IDLE1/2 and SLEEP1/2 mdédes jare released by any interrupt source enabled
with-the individual interrupt enable flag (EF). After the interrupt is processed,

the pregram operation is resumed from the instruction following the instruction,
which starts IDLE1/2 and SLEEP1/2 modes.

Note: When @ watchdog timer interrupts is generated immediately before IDLE1/2
and-SLEEP1/2 mode are started, the watchdog timer interrupt will be
pracessed but IDLE1/2 and SLEEP1/2 mode will not be started.
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(3) IDLEO, SLEEPO mode IDLEO, SLEEP0)

IDLEO and SLEEPO modes are controlled by the system control register 2 (SYSCR2)
and the time base timer control register (TBTCR). The following status is maintained
during IDLEO and SLEEPO modes.

a. Timing generator stops feeding clock to peripherals except TBT.

The data memory, CPU registers, program status word-and port output latches
are all held in the status in effect before IDLEO and SHEEPO\modes were entered.

c. The program counter holds the address 2 ahead of-the“instruction which starts
IDLEO and SLEEPO modes.

Note: Before starting IDLEO or SLEEPO mode, be sure to.stop (Disable) periperals.

Y

Stopping Peripherals
by instruction

v

Starting IDLEO, SLEEPO
mode by instruction

v
| CPU, WDMRare halted |

Reset input
No

TBT
source clock
falling edge

Reset

Note 1: EEPCR<ATPWDW> is a bit1 in
EEPCR, which is a control bit of the
power supply circuit for Flash.

Note 2: During CPU wait, though CPU
operations remain halted, but the
peripheral  function operation s
resumed. Therefore in this time, though
the interrupt latch might be set,
interrupt operation is not executed until
the CPU wait is finished.

TBTCR<TBTEN>
“q
TBT interrupt
enable
Yes

“1” (Interrupt release mode)

(Normal release mode)

| Interrupt processing

]

Execution of the
instruction which follows
the IDLEO, SLEEPO mode
start instruction

-

Figure 1.4.14 IDLEO, SLEEPO Mode
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Start the IDLEO and SLEEPO modes
Stop (Disable) peripherals such as a timer counter.
When IDLEO and SLEEPO modes start, set SYSCR2<TGHALT> to “1”.

Release the IDLEO and SLEEP modes

IDLEO and SLEEPO modes include a normal reléase mode and an interrupt
release mode.

These modes are selected by interrupt master flag (IMF), individual interrupt
enable-flag (EF6) for INTTBT and TBTCR<TBTEN>.

After releasing IDLEO and SLEEPO ‘medes,Vthe) SYSCR2<TGHALT> 1is
automatically cleared to “0” and the operation mode-is returned to the mode
preceding IDLEO and SLEEPO modes. Before starting the IDLEO or SLEEPO
mode, when the TBTCR<TBTEN> is set to 1", INPTBT interrupt latch is set to
“1”.

When the IDLEO and SLEEPO modes-are-started with the, EEPCR<ATPWDW>
= “0”, the CPU wait period for stabilizing of the power supply of 'Flash control

circuit is added before the operation mode1s returned to-thepreceding modes. The
CPU wait time of IDLEO is 21%fc([s]*ahd that of SLEEP0 mode is2%/fs [s].

IDLEO and SLEEPO modes(can-also be released by inputting low level on the
RESET pin. After releasing reset, the operation mode js-started from NORMAL1

mode.

Note 1: IDLEO and <. SLEEPD modes start/release without reference to
TBTCR<TBTEN>setfing.

Note 2: During CPU\wait, though CPU operations remain halted, but the peripheral
function-operation is resumed~Therefore in this time, though the interrupt latch
might be set, interrupt operation is not executed until the CPU wait is finished.

Normal reléase mode IMF - EF6: TBTCR<TBTEN> = “0”)

IDLEO.-and SLEEPO.modes dre)released by the source clock falling edge, which
is'setting by the TBTCR<TBTCK>. After the falling edge is detected, the program
operation is restumed from the instruction following the IDLEO and SLEEPO
modes start instruction:

Interrupt release’ mode IMF * EF6* TBTCR<TBTEN> = “1”)

IDLEO and SEEEPO modes are released by the source clock falling edge, which
is setting by the TBTCR<TBTCK> and INTTBT interrupt processing is started.

Note 1/ Beecause returning from IDLEO, SLEEPO to NORMAL1, SLOW1 is executed
by the asynchronous internal clock, the period of IDLEQ, SLEEPO mode might
be the shorter than the period setting by TBTCR<TBTCK>.

Note 2: When a watchdog timer interrupt is generated immediately before
IDLEO/SLEEPO mode is started, the watchdog timer interrupt will be
processed but IDLEO/SLEEPO mode will not be started.
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(4) SLOW mode

SLOW mode is controlled by the system control register 2 (SYSCR2).
The following is the methods to switch the mode with the warm-up counter (TC2).

a.  Switching from NORMALZ2 mode to SLOW1 mode

First, set SYSCR2<SYSCK> to switch the main system clock to the
low-frequency clock for SLOW2 mode.

Next, clear SYSCR2<XEN> to turn off high-frequency oscillation.

Note: The high-frequency clock oscillation can bg(continued to return quickly to
NORMAL2 mode. But starting STOP-mede while SLOW mode, the
high-frequency oscillation must be stopped:

When the low-frequency clock oscillation™is unstable, wait_until oscillation
stabilizes before performing the above 6perations. The timer/counter-2 (TC2) can
conveniently be used to confirm that low-frequency clock- oscillation has
stabilized.

Example 1: Switching from NORMAL2mode to SEOW1 mode.
SET (SYSCR2). 5 ;  SYSCR2<SY|SCK> « 1
(Switchgs~the main system clock to the
low<frequency clock for SLOW2)
CLR (SYSCR2).7 SYSCR2<XEN> « 0
(Turns off high-frequency oscillation)

Example2: Switching tothe SLOW1 mode after low-frequency clock has stabilized.

SET (SYSCR2). 6 7/ SYSCR2<XTEN> « 1
LD (TC2CR), 14H ;  Sets mode for TC2
LDW (TC2DRL), 8000H ; Sets warm-up time
(Depend on oscillator accompanied)
DI ;o IMF«0
SET (EIRE). 4 ; Enables INTTC2
El i IMF «1
SI%T (TC2CR)/5 ; Starts TC2
|
PINTIC2: CLR (TE2CR)-5 ; Stops TC2
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)
RIIETI

VINTTC2 DW PINTTC2 ; INTTC2 vector table
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b. Switching from SLOW1 mode to NORMALZ2 mode

First, set SYSCR2<XEN> to turn on the high-frequency oscillation. When time
for stabilization (Warm-up) has been taken by the timer/counter 2 (TC2), clear
SYSCR2<SYSCK> to switch the main system clock to the high-frequency clock.

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

Note 2:

High-frequency clock

Low-frequency clock
Main system clock

SYSCK

e N
- L gy

SLOW mode can also be releasedby.inputting low level,on'the RESET pin,

which immediately performs “the

reset operation.' \After~reset, the

TMP86FM29 is placed in NORMAL T-mode.

Example: Switching from the SLOW1 modeto the NORMAL2 mode

PINTTCZ2:

VINTTCZ:

(fc = 16 MHz, warm-up time“is =4.0 ms).

SET
LD
LD
DI
SET
Et
SI%T
CLR
CLR

RETI

DW

(SYSCRZ). 7

(TC2CR);10H

(TC2DRH), OF8H

(EIRE). 4

(TC2CR). 5

(TC2CR).5
(SYSCR2). 5

PINTTC2

SYSCR2<XEN> « 1

(Starts high-frequency oscillation)
Sets mode for TC2

(Timer mode, fc for source)
Sets'warm-up time

(Depend on oscillator accompanied)
IMF «- 0

Enables INTTC2

IMF « 1

Starts TC2

Stops TC2

SYSCR2<SYSCK> «- 0

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

INTTC2 vector table
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1.5 Interrupt Control Circuit

The TMP86FM29 has a total (Reset is excluded) of 15 interrupt sources for 19 interrupt
factors; 3 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 (EE). 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 1.5.1 Interrupt Sources
Enable |Interrupt| Vector o
Interrupt Factors Gondition Latchp Address Priority
Internal/External | (Reset) Non:maskable — FFEEYH | High 1
Internal INTSWI (Software interrupt) Non-maskable — FFFCH 2
Internal INTUNDEF (Executed the Undefined Instruction intérrupt) .| Non-maskable = EFFCH 2
Internal INTATRAP (Address Trap interrupt) Non-maskable ko FFFAH 2
Internal INTWDT  (Watchdog Timer interrupt) Non-maskable IL3 FFF8H 2
External INTO (External interrupt 0) IMF- EF /=1 17} FFF6H 5
External INT1 (External interrupt 1) IMF- EF5=1 ILs FFF4y 6
Internal INTTBT (Time Base Timer interrdpt) IMF~EFg.=1 ILg FFF2y 7
External INT2 (External interrupt2) IMF- EF7=\1 IL7 FFFOH 8
Internal INTTCA (18-bit TC1 interrupt) IMF: EFg/=/1 ILg FFEEH 9
__.Intemal ___|INTRMD __ (UART receivedinterrupt). /| ___________ MEEFL -1 | 1 | FrEck 0
Internal INTSIO (SIO interrupt)
Internal INTTXD (UART transmitted interrupt) IMF- EF10=1 IL10 FFEAH 11
Internal INTTC4 (TC4 interrupt) IMF-EF11 =1 IL11 FFE8H 12
Internal INTTC6 (TC6 interrupt) IMF- EF12 =1 IL12 FFE6H 13
Internal INTADC (AD converter interrupt) IMF- EF13 =1 IL43 FFE4H 14
__External___IINT3 £ {_ (Edematinterrupt 3)_ S on ML L) MFEFu—1| 1 | FRE2 5
Internal INTTC3 (T.LC3 interrupt)
__ External _ | INT5 ___ (Exemalinterrupt®) > 5 MFEFis-1| ILis | FFEOy |Low 16
Internal INTTCS (TC5 interrupt)

Note 1: The following interrupt factors.share their interrupt source; the factor is selected on the register
INTSEL.
1.) INTRXD and INTSIO-share the source whose priority is 10.
27INT3 and INTTC3.share the source whose priority is 15.
3. INT5 'and/INTTC5 share the source whose priority is 16.

Note 2:To use the address’ trap~interrupt (INTATRAP), clear WDTCR1<ATOUT> to “0” (It is set for the
“Reset request” after reset’is released). For details, see 2.4.5 Address Trap.

Note 3: To use the watchdog timer interrupt (INTWDT), clear WDTCR1<WDTOUT> to “0” (It is set for the
“Reset request” after reset is released). For details, see 2.4 Watchdog Timer.
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(1) 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 its interrupt is enabled. All interrupt latches are initialized to “0”
during reset.

The interrupt latches are located on address 003CH and 003DH in SFR area. Except for
ILs and ILg, each latch can be cleared to “0” individually by ihstruction. (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/he canceled/initialized by
software.

Interrupt latches are not set to “1” by an instruction/$ineeinterrupt 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 ;o IMF&E0
LDW (ILL), 11101000001 111T1B  ;  ILq2, ILqptollg 0
El ;o IMEeA
Example 2: Reads interrupt latches
LD WA, (ILL) D AW I A I
Example 3: Tests an interrupt latches
TEST ()7 ; \Ez="1/then jump
JR F,SSET

(2) Interrupt enable register (EIR)

The interrupt enablé régister (EIR) enables and disables the acceptance of interrupts,
except for the non-maskable interrupts- (Software interrupt, undefined instruction
interrupt, address trap interrupt and watchdoeg interrupt). Non-maskable interrupt is
accepted regardless’of the contents of the EIR.

The EIR consists-of ah interrupt mastér'enable flag (IMF) and the individual interrupt
enable‘flags (EF). These registers.are located on address 003AH and 003BH 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).

a. ‘Interrupt master enable flag (IMF)

The interrupt enable register (IMF) enables and disables the acceptance of the whole
magkable-interpupt~While IMF = “0”, all maskable interrupts are not accepted
regardlegsof 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/RETNI, the stacked data, which was the status before interrupt
acceptance, is loaded on IMF again.

The IMF is located on bit0 in EIRL (Address: 003AH 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 EF4)

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 (EF23 to EF4) are located on EIRE, EIRL to EIRH
(address: 002CH, 003AH to 003BH in SFR), and can be read and written by an
instruction. During reset, all the individual interrupt enable flags (EF23 to EF4) are
initialized to “0” and all maskable interrupts are not accepted until they are set to “1”.

Note: Before manipulating EF, be sure to clear IMF (Intersupt disabled). Then set IMF
newly again after operating on the interrupt €nables'\flag (EF). Normally, IMF is clear
to “0” automatically on service routine. WhenAMF.is-set'to “1” for using a multiple
interrupt on service routine, be sure to process as is the case with EF.

Example 1: Enables interrupts individually and sets IMR

DI i IMF«0
LDW (EIRL), v EFq4, EF13, EF44, ER7EF5 < “1”
I.' 0110100010100000B Note: IMF is ot set,
El i IMF <A
Example 2: C compiler description example
unsigned int _io (3AH) EIRL; i [* 3AHshows EIRL address */

_DI()

EIRL = 101000008;
I
]

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

{15 ILag ! lgg 1 lgp 1 ILyq U llgg ! ILo ! Mg | Ly ' Il ! Mg 1 Mg ' Mg ' lp | 1

ILy (003Dp) IL_ (003C)
(Initial value: 00000000 000000**)

ILH, ILL
(003Ch, 003DR)

at RD at WR
ILoz to ILo Interrupt Latches 0: No interrupt request Clears the interrupt request (Note 1) R/W
1: Interrupt request (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.

Note 3: Do not clear IL with read-modify-write instructions such as bit operations:

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

)IEF15:EF14:EF13:EF12:EF11 | EF1g EFg | EFg | EF#\1\EFg 1BF5 | EFg |

EIRy (003BH) EIRL (003AH)
(Initial valye: 00000000 00000***0)

EIRH, EIRL
(003A, 003By

Individual-interrupt
EFy3 to EFy enable flag 0: Disable the acceptance’of each maskaple-interrupt.
(specified for each 1: Enable the'acceptance of each maskable-interrupt. RIW
bit)
IMF Interrupt master 0: Disable the accéptance of all masKable'interrupts.
enable flag 1: Enable-the acceptance of-all maskable interrupts.

Note 1: *: Don’t care
Note 2: When manipulating EF, clear IMF (to\disable interrupts) beforehand/
Note 3: Do not set IMF to 1 simultaneously with EF15 to EF4.

Figure 1.5.2 Interrupt Latch (IL), Interrupt-Enable Registers (EIR)

86FM29-35 2004-03-01



TOSHIBA TMP86FM29

(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
INTSEL 7 6 5 4 3 2 1 0

003Ew) + - Jwoer| - + — v — v Z [w14er]|I15ER] (nitiallvAlue: *0%5 *+00)

. 0: INTRXD
ILOER | Alternative of INTRXD or INTSIO 1- INTSIO
0: INT3
i R/W
IL14ER | Alternative of INT3 or INTTC3 1- INTTC3
IL15ER | Alternative of INT5 or INTTC5 0: INTS
1: INTTC5

Figure 1.5.3 Interrupt soufce selector
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1.5.1 Interrupt Sequence

An interrupt request, which raised interrupt latch, is held, until interrupt is accepted or
interrupt latch is cleared to “0” by resetting or an instruction. Interrupt acceptance
sequence requires 8-machine cycles (4 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] (fot. non-maskable interrupts).
Figure 1.5.4 shows the timing chart of interrupt acceptance processing.

(1) Interrupt acceptance processing is packaged as follows.

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

2. The interrupt latch (IL) for the interrupt source-acceépted is cleared to “0”.

The contents of the program counter (PC) and the program statis word, including
the interrupt master enable flag (IME), ~are saved (Pushed)-on the stack in
sequence of PSW + IMF, PCH, PCL/ Meanwhile, the/ gtack pdinter (SP) is
decremented by 3.

4. The entry address (Interrupt-vector),of the corresponding “interrupt service
program, loaded on the vector table,is transferred to_the-program counter.

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

Note: When the contents of PSW+-are savéd on the stack, the contents of IMF are also
saved.

Interrupt service task

1-machine cycle
>

A

— 7 TR L I Y T T R RO B |

Interrupt request

'1‘('
. Execute
Execute Instruction x Instruction x Interrupt acceptance

PC ED SN 20 ST ) 3
SP n n-1Xn-2 n-3 n—2 n

Note 1.  a: return address entry address, b: entry address, c: address which RETI instructrion is stored

IMF

|
|
1
|
Interrupt latch (IL) !
|
|
]
|
|
|

Execute
Instruction,

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 1.5.4 Timing Chart of Interrupt Acceptance/Return Interrupt Instruction
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Example: Correspondence between vector table address for INTTBT and the entry
address of the interrupt service program

Vector table address

Voot :>

A maskable interrupt is not accepted until the IMF is set-to“1”>€ven if the maskable

Entry address

Interrupt service

D203H program

D204y

interrupt higher than the level of current servicing interrapt\is requested.

In order to utilize nested interrupt service, the IMF-isset 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 émable flag whose
interrupt is currently serviced, before setting IMF to “1”. As_for non-maskable
interrupt, keep interrupt service shortercompared with length between interrupt
requests; otherwise the status cannot be recovered as non-maskable interrupt would
simply nested.

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-savéd by software if necessary.
When multiple interrupt serviees are nested, it is\also necessary to avoid using the
same data memory darea for saving registers. The /following methods are used to
save/restore the general-purpose registers.

a. Using PUSH\and POP instructions

To saveonlya specific register; PUSH and POP instructions are available.

Example:—_Save/store register using\PUSH)and POP instructions

SP—

PINT xx: PUSH WA ;  Save WA register
(interrupt-processing)
POP WA ; Restore WA register
RETI ; RETURN
Address
(Example)
R B < N o ] oo
N L S>A L] 023B
_____________ YV____ SP-’_________ ] 023C
A S N PeL_ | L] P | L] 023D
__Pen ] |__PCn___ o _Pew ) L] 0238
__Psw | | __PSW___ | PSWo_ | sPL 023F

At Acceptance of an I::> At Execution of
Interrupt

PUSH instructin

I::> At Execution of

POP instructin

|::> At Execution

of an RETI
instruction
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b. Using data transfer instructions

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 Aregister
(interrupt processing)
LD A, (GSAVA) ; Restore™A register
RETI ;  RETURN
Main task
Interrupt Interrupt
acceptance service task
____________ Saving
registers
Restoring
registers

_____________
Interrupt return

Saving/restoring general-purpose registers using. PUSH/POP instruction

Figure 1.5.5 Saving/Restoring General-purpose Registers under Interrupt/Processing

(3) Interrupt return

Interrupt return instructions [RETI]/[RETNI perform-as follows.

[RETI/[RETN] Interrupt Return

1.  Program_Counter(PC) and program status word (PSW,
includes/IMF) are restored from the stack.

2. Stack peinter (SP) is incremented by 3-

As for-Address Trap interrupt (AINTARTAP), it is required to alter stacked data for
program counter(PC) to_ restarting \address, during interrupt service program.
Otherwise returning interrupt_causes/INTATRAP again. When interrupt acceptance

processing-has completed; stacked data for PCL, and PCH are located on address (SP +

1) and (SP +'2) respectively:

Note:—If [RETN] is executed with the above data unaltered, the program returns to the

address trap-area and INTATRAP occurs again.
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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 (inclades IMF) before interrupt
acceptance is discarded.)

PINTxx INC SP ; RecoverSR.by/3
INC SP ;
INC SP ;
(interrupt processing)
LD EIRL, data - Set'tMF to “1” or clear it to “0”
JP Restart Address . S Jump’into restarting address

Note: Itis recommended that stack pointer bé.return to’rate before INTATRAP,(increment
3 times), if return interrupt instruction [RETN]is not utilized daring.interrupt service
program under INTATRAP (such as Example 2).

Interrupt requests are sampled-during-the final cyele, of-the “1nstruction 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 thaf/the interrupt request generation
time, the interrupt service task is performed-but not-the main task.
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1.5.2  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.

(1) Address error detection

FFH 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 FFH is the SWI
instruction, so a software interrupt is generated and an addresserror is detected. The
address error detection range can be further expanded by writing FFH to unused areas

of the program memory. Address trap reset is generated in—case that an instruction is
fetched from RAM or SFR areas.

(2) Debugging

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

1.5.3  Undefined Instruction Interrupt (INTUNDEF)

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

Note: The undefined instruction interrupt (INTUNDEF).forces CPU to jump into vector address,
as software interrupt (SW1) does.

1.5.4  Address Trap Interrupt (INTATRAP)

Fetching-instruction’ from unauthorized aréa for instructions (Address trapped area)
causes feset-output or addres$ trap interrupt (INTATRAP). INTATRAP is accepted even if
non-maskable’ interrupt is in precess.~Contemporary process is broken and INTATRAP
interrupt process starts, seon-afteritis requested.

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

1.5.5~_ External Interrupts

The TMP86FM29 has 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. 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).
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Table 1.5.2 External Interrupts

. Secondar - - . .
Source Pin : Y |Enable Conditions Edge Digital Noise Reject
Function Pin
Pulses of less than 2/fc [s] are eliminated as
noise. Pulses of 7/fc [s] or more are
INTO NTo PE3/AINS IMF =1, EF4=1, Falling edge considered to be signals. In the SLOW or the
INTOEN =1 SLEEP mode, pulses of less than 1/fs [s] are

eliminated as noise. Pulses of 3.5/fs [s] or
more are considered to be signals.
Pulses of less than15/fc or 63/fc [s] are
eliminated as noise. Pulses of 49/fc or 193/fc
[s]>er mere are considered to be signals.
INT1 INT1 P12/SEG29 |IMF+EF5=1 In the SLOW-orthe SLEEP mode, pulses of
less than\1/fs [s] are eliminated as noise.
Pulses-of’3.5/fs [s] or more are considered to
or besignals.

. Pulses’ of less than 7/fc{s] are eliminated as
Rising edge )
INT2 INT2 P13/SEG28 | IMF-EF7 =1 noise. Pulses of 25/fc/[s]'er more are
considered to be signals,
In the SLOW or the SLEEP, mode, pulses of
IMF<EF14 =1 less than 1/fs [s] are eliminated as noise.
IL14ER =0 Pulses of 3:5/fs [s]'or more-are considered to
be signals.
Pulses of less than/2/fc [s] are eliminated as
noise: Pulses of 7/fc [s] or more are
INT5 NTE P20/ STOP IMF+EF 15 =1 Falling edge considered to/be signals. In the SLOW or the
IL15ER =0 SLEEP-mode, pulses of less than 1/fs [s] are
eliminated as noise. Pulses of 3.5/fs [s] or
more are considered to be signals.

Falling edge

INT3 INT3 P14/SEG27

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:
(1) INT1 pin 55/fc [s] (INTINC ="D199/fc [s] (INTINC = 0)
(2) INT2, INT3piny ~ 31/fc [s]

Note 2: Even if the falling.edge-.of INTO pin input iSdetected at INTOEN = 0, the interrupt latch IL4 is not set.

Note 3: When data-changéd and'did a change of [/O when used external interrupt ports as a normal ports,
interrupt request.signal occurs’incorrectly. Handling of prohibition of interrupt enable register (EIR)
is necessary.

Note 4: The maximum time from modifying INT4NC until a noise reject time is changed is 2°/c.

External interrupt control register
EINTCR 7 6 5 4 3 2 1 0

00374)~]INTINCTINTOEN ! [INT3ES | INT2ES | INT1ES | | (Initial value: 00%* 000*)

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

INTINC | Noise reject time.select
! ) : : Pulses of less than 15/fc [s] are eliminated as noise

: P63 input/output port

P63/INTO pi fi ti _—
INTOEN pin contiguration 1 INTO pin (Port P63 should be set to an input mode) R/W

= O |= O

INT3ES
INT2ES [INT3 to INT1 edge select
INT1ES
Note 1: fc: High-frequency clock [Hz], *: Don’t care
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 recommended that
external interrupts are disabled using the interrupt enable register (EIR).

0: Rising edge
1: Falling edge

Figure 1.5.6 External Interrupt Control Register
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1.6 Reset Circuit

The TMP86FM29 has four types of reset generation procedures: an external reset input, an

address trap reset output, a watchdog timer reset output and a system clock reset output. Table

1.6.1 shows on-chip hardware initialization by reset action.

Since the reset circuit has an 11-stage counter for generation of flash reset, which is the reset
counter for stabilizing of the power supply for Flash, the reset period is 21%fc [s] (64 ps at 16.0

MHz).

Because the malfunction reset output circuit such as watchdog timer reset,/address trap reset
and system clock reset is not initialized when power is turned on;the-RESET pin outputs “L”
level for the maximum 24/fc [s] (1.5 ps at 16.0 MHz).

Therefore, the maximum reset period is 24/fc [s] + 21/fc [s].(65:5 s at 16.0 MHz).

Table 1.6.1 shows on-chip hardware initialization by reset action:

Table 1.6.1 Initializing Internal Status‘by‘\ResetAction

On-chip Hardware Initial Value On-chip Hardware Initial Value
Program counter (PC) (FFFER)
Stack pointer (SP) Not initialized Prescaler and Divider of “timing 0
General-purpose registers o generator
Not initialized
(W, A, B, C,D,E, H, L, IX, IY) ot Infiazo
Jump status flag (JF) Not initialized Watchdog timer Enable
Zero flag (ZF) Not initialized
Carry flag (CF) Not/initialized
Half fl HF Nét'initialized Refer to 1/0 port
_a camy 7ag (HF) a |n| |.a !ze Outpat latchesof\l/O ports .e e.r © po
Sign flag (SF) Net.initialized circuitry
Overflow flag (VF) Not'initialized
Interrupt master enable flag (IMF) 0
Interrupt individual enable flags (EF) 0 ) Refer to each of
Control registers )
Interrupt latches (IL) 0 control register
RAM Not initialized
1.6.1 External’'Reset) Input

The RESET/pin contains a Schmitt triggér (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 inifialized.

When 219fc (65.5 us at’ 16 MHz) period passes after the RESET pin input goes high, the
reésetoperation is released\and the program execution starts at the vector address stored at
addresses FFFEH to FEFFH:

VDD

—-

RESET

% Flash reset counter

> Reset input

Pl
~J

Sink open drain

Malfunction reset
output circuit

=

Watchdog timer reset

N

Adddress trap reset

System clock reset

Figure 1.6.1 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 and the Flash reset will be generated. During address-trap-reset,
the RESET pin outputs “L” level. The reset time is maximum 24/fc [s] + 219/fc [s] (65.5 ps at
16.0 MHz).

Instruction
execution

Address trap is occurred
RESET Outpl-lt- -------- | i/ : :

b |
| | |

JP a .(Reset releaseXInstruction at address r
! 1
|
|
1
|
1
|

max 24/fc [s]  '4ffc ~12/fc [s] 2"%c [s] 16/fc [s]

(Note3) for Flash reset

Note 1: Address “a” is in the SFR or on-chip RAM (WDTCR1<ATAS> = “{")'space.
Note 2: During reset release, reset vector “r” is read out, and an instruetion at address “r” is fetched and decoded.

Note 3: Varies on account of external condition: voltage or (Capacitance

Figure 1.6.2 Address-Trap-Reset

Note: The operating mode under addtess trapped is alternative-of reset or interrupt. Address
trap or no address trap can be selected by WDTCRA<ATAS>for the internal RAM.

1.6.3  Watchdog Timer Reset

Refer to Section “2.4 Watchdog Timier”.

1.6.4  System-Clock-Reset

If the condition as follews/is detected,‘the-system clock reset occurs automatically to
prevent dead locK 6fthe CPU. (The oscillation\is continued without stopping.)

During system ‘clock reset, the RESET pin outputs “L” level.

- In cdge of dlearing SYSCR2<XEN>/and)SYSCR2<XTEN> simultaneously to “0”.

- In caseof c¢learing SYSCR2<XEN>t0"0", when the SYSCR2<SYSCK> is “0”.

- In case of'clearing SYSCR2<XTEN>to “0”, when the SYSCR2<SYSCK> is “1”.

Whén the system clock reset 1s-generated, the flash reset is also generated. Therefore,
the maximum reset period is 24/fc [s] + 21/fc [s] (65.5 us at 16.0 MHz).
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2.

On-Chip Peripherals Functions

2.1 Special Function Register (SFR)

The TMP86FM29 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 0000H to 003FH, DBR is mapped on address 0F80H to OFFFH.

Figure 2.1.1 to Figure 2.1.2 indicate the special function register (SFR) and data buffer
register (DBR) for TMP86FM29.

Address Read Write Address Read Write
0000H 0020H | ADCDRT (AD coaverterregister ) | _ _ _ _ _ - ________
01 21 | ADCDR2 (AD/convertecregister2) | _ _ _ _ _ _ _-_ _______
02 22 | __ N\ s__JJL Reserved_ _ _ _ _ _ _ ________
03 23 | sl e Reserved_ _ __ . _ _ _ _______
04 Z I N N N Reserved_ [ /" ">_">~_ _______
05 25 UARTSR UARTER1
Z _ {UART Status register) _ _ _|_ [/ (UART sontrol register 1) _ _
06 26 - UARTCR2
____________________ (UART control register 2) _ _
07 2T o’ ________4 Reserved. — /_ //_ _ _ ______
08 28 s oo LCDCRALCD Control register) _ _ _ _ _ _ _ _ _ _
09 29 |________/ P1LCR (P1 segment output control)  _ _ _ _ _ _ _ _
0A 2AN, P5LCR (P5 segment output control)_ _ _ _ _ _ _ _ _
0B 2B |________/J P7LCR (P7 segmeént output control)_ _ _ _ _ _ _ _ _
oc 2C (__________A PWREGS3 (Timer register3) _ _ _ _ _ _ _ _ _ _
oD 2D | e __a_4 PWREG4 (Timer register4) _ _ _ _ _ _ _ _ _ _
OE 26 | /o a1 PWREGS (Timer register5) _ _ _ _ _ _ _ _ __
OF ADCCR2 (AD control register 2) 2F PWREGSH (Timer register 6)
10 | o ________TREGIAL_____ [ Y U DY B SR Reserved _ _ _ _ _ ________._
L TREG1AM (Timer register 1A) | \ __ _ | | _ __ LI PR N N Reserved _ _ _ _ _ ________._
2| _____TREGIAH_ N T 32 | ____ >/ ____ Reserved  _ _ _ _ __ ________
L TREG1B (Timer register 1B)_ _ /. _ _ _ _ .. _ | S AN Reserved _ _ _ _ _ _ ________
14 | ______ _ JTCICR1 (Timer Counter 1'control 1) ) _)_ _ _ _ _ _ _| 34 [N _____ [ — WDTCR1 (watch dog timer control)
15 | ____ __ _ TCICR2 (Timer Counterd control2) 7~ _ _ _ _ _ _ _| SN [ WDTCR2 (watch dog timer control)
16 | TCISR(TCI Status) _ _ _ _ _ __ ] ________ e e oo o SN N TBTCR (TBT/TG/DVOcontral)_ _ _ _ _ _ _ _ __
7ol ___g__F Resevved/ ) | _ _ _____._<4 STl oo EINTCR (External interrupt control)_ _ _ _ _ _ _ _ _
18 | ___ TC3ER (TimenCounter 3 control) _ _ _ _ _ _ _ [ 38 | SYSCR1 (Systemcontrol 1) _ _ _ _ _ _ _ ___
19 | ____Z TCG4CR (Timer Counter4 control) _ . s _ A 89 | o _____ % SYSCR2 (Systemcontrol2) _ _ _ _ _ _ ____
LS TCSCR(Timer Counter Scontrol) _ _ _ _ > >\ _ SA | ___ EIRL (Interrupt enable register)_ _ _ _ _ _ _ _ __
B ____ TCECR (Timer Counter 6 control) _ ——————~ B | ___. EIRH (Interrupt enable register) _ _ _ _ _ _ _ _ _
1€ | o _____] TTREGS (Timler register 3) _ _ >, . _ _ _ __ 3C | ________MLnteruptlatch) __ __ _ _______
Lo P N TTREG4 (Timerregisterd) | _ _ _ _ > > _ _ 3D | ________ltn(nterruptiatch) __ __ _ _______
1€ | e TTREGS (Timerregister 5) _ _ _ _ _ _ _ _Y/_ _ 3E | _ ________ INTSEL (Interrupt source selector) _ _ _ _ _ _ _ _ _
1F TTREGS6 (Timer register 6), 3F PSW (Program Status word)

Note {I:( Do not\access reserved areas by the program.
Note 2:_~;-Cannot be accessed.
Note 3:

Write-only registers \and interrupt latches cannot use the read-modify-write instructions (bit manipulation

instructions such-as’SET, CLR/ etc. and logical operation instructions such as AND, OR, etc.).

Figure 2.1.1 The special function register (SFR) for TMP86FM29 (1/2)
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Address Address
Bit 7 | Bit 6 | Bit 5 | Bit4 | Bit3 | Bit 2 | Bit 1 | Bit 0 Write
OF80H | _ _ _ ___ ¢ SEGT _ _ _ ___J_______ SEGO _ _ _ _ ___ OF90H | _ _ _ _ ________ SIOBRO (SIOBuffer0)  _ _ _ _ _ _ _____
L SEG3 oo ____ SEG2 __ _____ N | ___ SIOBR1(SIOBuffer1)_ _ _ _ __ ______
82 | ____C SEGS _ o ____ SEG4 _ _ ____ 92 | ______ SIOBR2 (SIO Buffer2)_ _ _ _ _ _ ______
8 [ SEGT _ o ______ SEG6 __ _____ 93 | ___ SIOBR3 (SIOBuffer3)  _ _ _ __ ______
84 | SEG9 _ _ o ______ SEG8 _ _ _____ 94 | ___ SIOBR4 (SIO Buffer4)_ _ _ _ __ ______
8 | _____SEGM _ o _____Z SEG10_ _ _____ 9 |- __ SIOBRS (SIO Buffers) _ _ _ __ ______
86 | _____SEG____________Z SEG12_ _ _____ % | _____ SIOBRE(SIO Buffer®) _ _ _ __ ______
87 | L __SEGIS_ ) _____2 SEG14_ _____ | 7 | - __C SIOBRY (SIO Buffer,7)_ _ _ _ _ _ ______
88 | _____SEGIT______|______Z SEG16_ _ _____ 98 | o _____s_ SIOCR1 (SIO Control register 1)
89 el ___SEG19_ _____d______Z SEG18_ _ _ ____ 99 SIOSR (SIO Status/registery _._|_ SIOCR2 (SIO Control register 2)
8A | _sEG2_____ | SEG20_ _ _ _ | 9A STOPCR
8B o ___SEG23_ _ ____d______cz SEG22 _ _ _ _ ___ (Key On Wake Up Control register)
sc | _ _____seGs______| SEG24 | 9B
8D | ____SEGzz______J______: SEG26_ _ _ ____
8E | __ _SEG29 _ _ _ ___|______ SEG28 | 9C
8F SEG31 SEG30 :
EO
E1
FF Reserved
Note 1: Do not access reserved areas by the program:
Note 2: —; Cannot be accessed.
Note 3: Write-only registers and interrupt latches~cannot/use the read-modify‘write instructions (bit manipulation

instructions such as SET, CLR, etc. and logical operation instructions such as/AND, OR, etc.).

Figure 2.1.2 The specialfunctienregister (SFR) for TMR86FM29 (2/2)
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2.2 1/O Ports

The TMP86FM29 have 6 parallel input/output ports (39 pins) as follows.

Primary Function Secondary Functions

Port P1 8-bit 1/0 port External interrupt input, serial interface input/output, UART input/output,
segment output and serial PROM mode control‘input.

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

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

Port P5 8-bit 1/0 port Segment output.

Port P6 8-bit 1/0 port Analog input, external interrupt input;-timer/counter input and STOP mode
release signal input.

Port P7 8-bit 1/0 port Segment output.

Each output port contains a latch, which holds the.output data. All input ports.do not have
latches, so the external input data should be externally held until the input data 18 read from
outside or reading should be performed several/times before processing. “Figure 2.2.1 shows
input/output timing examples.

External data is read from an I/O port in thé S1 state of the read cyele-duririg €xecution of the
read instruction. This timing cannot be recognized from outside, so that transient input such as
chattering must be processed by the progtam.

Output data changes in the S2 stat€ of-the write cycle during exectuition of the instruction
which writes to an I/0 port.

| Fetch'cyele Read cycle

1€

S0 S1.82 S3/ S0 S1 S2 S3 SO S4 82 S3

Instruction execution cycle I Ex LD A, () | -
] R I T T AN T S S

Input strobe # ~ | l

| Fetch cycle |
e She

La Y

Data input :: ((/ A X X

(a)\nput timing

_ Fetchcycle ~ Fetchcycle  ~ Read cycle

>l >|
SO 89 S2 S3 SO S1 S2 S3 SO S1 S2 S3

Instruction-execution cycle o Ex:LD (x), A
1 1 1 1 1

N}
>

Output strobe - = | l

|
|
Data outptit”™. Old X New
(b) Output timing

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

Figure 2.2.1 Input/Output timing (example)
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2.21 Port P1 (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, segment output of LCD and serial
PROM mode control input. When used as a segment pins of LCD, the respective bit of
P1LCR 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 P1ILCR bit\should be set to “0”.
During reset, the output latch is initialized to “1”.
For detail of the serial PROM mode, refer to “2.16 Serial BROM mode”.
P1 port output latch (P1DR) and P1 port terminal input-(P+PRD) are located on their
respective address.
When read the output latch data, the PIDR 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'LLCD $egment output.is read, unstable
data is read.
Control input < ”ﬂ
Terminal input (P1PRD) < <|‘
PALCRIi b d
P1LCRi input ‘ !
Output latch data (P1DR)
Data output (P1DR) : D P1i
Qutput’latch .
Control output P Note:i=7100
TEN P
OUTEN
LCD data output II\/
7 6 5 4 3 2 1 0
P1DR P17 P06 P15 P14 P13 P12 P11 P10
(0001H) SEG24 | SEG25 | SEG26 | SEG27 | SEG28 | SEG29 | SEG30 | SEG31
R/W SCK TxD RxD INT3 INT2 INT? (Initial value: 1111 1111)
SO Sl
BOOT
P1LCR
(0029y) | | | | | | | | | (Initial value: 0000 0000)
Port P Hisegment output control 0: P1 input/output port or secondary function
P1LCR A (expect for segment) R/W
(set for each bitindividually)
1: Segment output
P1PRD
©oosy) | P17 | P16 | P15 | P14 [ P13 | P12 | P11 | P10 |
Read only

Figure 2.2.2 Port 1
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222 Port P2 (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. If it is used-as-an-output port, the interrupt
latch is set on the falling edge of the output pulse.

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

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

Data input (P20PRD) < <|I
Data input (P20) <« <IT
Data output (on)’>@ . [ P20 (iNT5, STOP)
Output latch \/‘
Control input @
Data input (P21PRD) < <]—@
Data input (P21) < Osc.enable
Data output (P21) —— m —|>—< P21 (XTIN)
Output latch
Data input (P22PRD) <« <l—<rg
Data input (P22) < <IT
Data output (P22)———>|E ; II: [ P22 (xTOUT)
Output-latch
STOP i |:
QUTEN
XTEN
fs < @
e AV R VA A 3____ 2 1 0
P2DR X X ' X P22 P21 P20
(00024) ™ ' ' ' ' XTOUT | XTIN | INT5 | (Initial value: **** %111)
RW R T STOP
P2PRD
| i B i TI-=-=--- T-=~-°—-
©009) ' o | P22 | P21 | P20 |
Read only

Figure 2.2.3 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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223  Port P3 (P33 to P30)

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

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

When used as a timer/counter output or divider output, respective output latch (PSDR)
should be set to “1”.

It can be selected whether output circuit of P3 port is C-MOS. output or a sink open drain
individually, by setting PBOUTCR. When a corresponding bit-of PBOUTCR is “0”, the
output circuit is selected to a sink open drain and when a correspending.bit of PSOUTCR is
“1”, the output circuit is selected to a C-MOS output. When-used 4s an input port or
timer/counter input, respective output control (P3OUTCR)(should be set to “0” after PSDR
is set to “1”. During reset, the P3DR is initialized to “1”,.andthe PBOUTCR is initialized to
“0”.

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 ¥ead and whén read the terminal
input data, the P3PRD register should be read. If a read instructionis‘executed for port P3,
read data of bits 7 to 4 are unstable.

b — .
OUTEN
P3OUTCRI
P30OUTCRI input <
Data input (P3PRD) < <|I
Data input (P3DR) <—<l—<
Data output (P3DR) Il\/ T
Output latch L
Control output 3 Note:i=31t00
Control input
N A, - VA - I 4 3 2 1 0
P3DR | X X ' P33 P32 P31 P30
(0003w) ' ' ' PWM6_“|\PWM4_{ PWM3 | DVO
RW : : : PDO6—{~PDO4 | PDO3 (Initial value: **** 1111)
: : : \ PRG6 | PPG4 | TC3
R A TC6 | TC4
P3OUTCR _ -~ N e NS
0004y) ' [( Ny o o | | | | | (Initial value: **** 0000)
Port R3/output circuit control | 0: Sink open-drain output
P3OUTCR R/W
(set foreach bit individually) [ 1: C-MOS output
P3PRD
1=-=-=-- i AT T T L
(000AW) ' & | pss | P32 | P31 | P30 |
Read only

Figure 2.2.4 Port 3
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224

Port P5 (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 PSLCR 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 datais read.

i — '~
OUTEN

P5LCRi m
P5LCRI input

e

Data input (P5PRD) « <
Data input (P5DR) 4 1
Data output (P5DR) m [ Psi
Output latch Note:i=7t0 0
LCD data output II\/
P5DR 7 6 5 4 3 2 1 0
(0005R) P57 P56 P55 P54 P53 P52 P51 P50 (Initial value: 1111 1111)
R/W SEG16 | SEG17 | SEG18 | SEG197} SEG20 |\ SEG21 | SEG22 |\ SEG23 ’
P5LCR
(002An) | | | | | | (Initial value: 0000 0000)
P5LCR Port P5/segme.nt.ou.t9utcontrol 0: P5 input/output port RIW
(Setfor each.bit'individually) 1: LCD segment output
P5PRD
©ooBy) | P57 | Pse’ ) pss | psa | psa [ pPs2—| P51 | Pso |
Read only
Figure2.2.5 Port 5
86FM29-51 2004-03-01



TOSHIBA

TMP86FM29

225

Port P6 (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, external interrupt
input, timer/counter input or key on wake up input, set data of P6DR to“1” and P6CR to “0”.
To use it as an output port, set data of P6CR to “1”. To use it as-an~analog input, set data of
P6DR to “0” and P6CR to “0”, and start the AD. It is the penetration electric current
measures by the analog voltage.

Pins not used for analog input can be used as I/0 ports>During AD conversion, output
instructions should not be executed to keep a precision. In addition, a variable signal

Key

Data i

Data output (P6DR)

Ql—

Note 1: i =710 0,y =7 to4

Note 2: STOP is-bit7in SYSCR1

Note 3: SAIN’isbit 0 to 3 in ADCCRA
Note 4: STOPEN jis bit 4 to 7 in STOPCR.

5

3

Qi

N
L~

When the AD converter is in use (P6DR = 0), bits mentioned aboyve are read as “0” by
AINDS
— 5 9]

executing input instructions.
6

[ péi

STOP

7 4 2 1 0

P6DR

(0006)
RIW

should not be input to a port adjacent to the analoginput during AD conversion.
STOPJEN
on Wake up
Analog input <«
PBCRi input
nput (P6DR) «

P67 P66

AING
STOP4

AIN7
STOPS

P65
AINS
STOR3

P64
AIN4
STOP2

P63
AIN3

INTO

P62
AIN2
ECNT

P60
AIN1 AINO

(Initial value: 0000 0000)
ECIN

P6CR

(000CH) |

| (nitial value: 0000 0000)

AINDS = 1 (AD unused)
P6DR = “0” | P6DR = “1”
Input “0” fixed | Input mode

Output mode

AINDS =0 (AD used)
P6DR = “0” | P6DR = “1”
AD input Input mode
Output mode

I/O control-for port P6

P6CR (specified for each bit)

RW

0
1

Note 1:

N

N
N

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

WHhen 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-setto1”.

When used as an STOP2.to, STOP5 pins of Key on Wake up, the respective bit of P6CR should be set to “0”.
When a read’instruction for)port P6 is executed, the bit of Analog input mode becomes read data “0”.

ote 2:

ote3:
ote 4:

Figure 2.2.6 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

Port P7 (P77 to P70)

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

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

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

When used as a segment pins of LCD, the respective bit of P7TLCR should be set to “1”.
When used as an output port, the respective P7TLCR 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 datais read.

i — '~
OUTEN 1

P7LCRI D Q]
P7LCRI input
Data input (P7PRD) < <
Data input (P7DR) 4 1
Data output (P7DR) m [ Pri
Output latch Note:i=7to 0
LCD data output II\/
P7DR 7 6 5 4 3 2 1 0
(0007h) P77 P76 P75 P74 P73 P72 P71 P70 (Initial value: 1111 1111)
R/W SEG8 | SEGY9 | SEG10 | SEG1Y| SEG12 |'SEG13 [ SEG14 |\ SEG15 ’
P7LCR
(002BR) | | | | | | | | | (Initial value: 0000 0000)
P7LCR Port P7/segme.n.t Ol:ltPut control | 0: P7 input/output port RIW
(set-for each\bit/individually) 1: Segmentoutput
P7PRD

©ooby) | P77z | P’V P75 | pra | P73 [ipP72—{ P71 | P70 |

Read only

Figure2.2.7 Port 7
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2.3 Time Base Timer (TBT)

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

An INTTBT is generated on the first 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 2.3.1 (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-énable state). Both
frequency selection and enabling can be performed simultaneously,

MPX

fc/2® or fs/2"® >—
fc/2?' or fs/2" >—
fc/2'® or fs/2® >—
fc/2™ or fs/2® >—
fc/2® or fs/2° >—]
fc/2"? or fs/2* >—
fcr2" or fs/2® >
fc/2° or fs/2 >

Source clock Falling edge IDLEO/SLEEPO
detector rélease request

INTTBT
interrupt request

IOGTMMmMOOm>

S
3%

TBTCK TBTEN

[_TeTcR |

Time base timer control register

(a) Configuration

Source clock —I_‘_‘_‘_I_L

TBTEN

| |
| |
| |
A | |
) |

L

Enable TBT MPX: Multiplexer

INTTBT

AT T

|
|
|
' o]
] >
|

Interrupt period <

(b) Time base timerinterrupt

Figure 2.3.1._Time Base Timer

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

LD (TBTCR), 00000010B ;. TBTCK « 010
LD (TBTCR), 00001010B : TBTEN « 1
D : IMF <0

SET (EIRL). 6
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TBTCR 7 6 5 4 3 2 1 0
(0036y)  [(OVOEN)|  (ovock) | (ovrck)| TBTEN | | TBTCK | | (nitial value: 0000 0000)
Time base timer 0: Disable
TBTEN enable/disable 1: Enable
NORMAL1/2, IDLE1/2 Mode SLOW, SLEEP Mode
DV7CK=0 | DV7CK=1
000 fc/2% fs/2" fs/2'®
001 fc/2*" fs/2'® fsi2'® RIW
i H i 16 8
TBTCK Time base timer interrupt 010 fc/z14 fs/26 A
frequency select [Hz] 011 fc/2 fs/2 -
100 fc/2' fs/2° -
101 fc/2' fsr2? -
110 fc/2" t6/2° -
111 fc/2° fs/2 -
Note: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], *: Pen't.care
Figure 2.3.2 Time Base Timer Control.Register
Table 2.3.1 Time Base Timer Interrupt Frequency (Example; fc = 16 MHz, fs =32.768\kHz)
Time Base Timer Interrupt Frequency [Hz]
TBTCK NORMAL1/2, IDLE{/2 Mode sLOW| SLEEP
DV7CK =0 DV7CK = 1 Mode
000 1.91 1 1
001 7.63 4 4
010 24414 128 —
011 976,56 512 —
100 1953.13 1024 —
101 3906.25 2048 —
110 7812.5 4096 —
111 31250 16384 —
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2.4 Watchdog Timer (WDT)

The watchdog timer is a fail-safe system to rapidly detect the CPU malfunctions such as

endless looping caused by noise or the like, or deadlock and resume the CPU to the normal

state.

The watchdog timer signal for detecting malfunction can be selected either a “reset request”

or a non-maskable “interrupt request”. However, selection is possible only once after reset. At

first the “reset request” is selected.

When the watchdog timer is not being used for malfunction detection, it can be used as a

timer to generate an interrupt at fixed intervals.

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.

2.4.1 Watchdog Timer Configuration

MPX
fc/2® or fs/2'° >——A Binary counters
fc/2®! or fs/2'® >——>B y|_Clock
fc/2'® or fs/2'" >——>C 1| 2 Overflow|
fc/2 orfs/2° >—>P s -
K
Clear
2
Internal reset
Q
S R
WDTT |woTen Writing/disable | Writing clear
¢ code code

Reset release
signal from T.G

WDT output

alps

—l>—> Reset request

WDTOUT

|
0034y

|
00354

Watchdog timer control registers

InterrUpt request
® J ) > INTWDT

MPX: Multiplexer

Figure 2:4.1 Watchdog Timer Configuration
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2.4.2 Watchdog Timer Control

Figure 2.4.2 shows the watchdog timer control registers (WDTCR1, WDTCR2). The
watchdog timer is automatically enabled after reset.

(1) Malfunction detection methods using the watchdog timer

The CPU malfunction is detected as follows.

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

2. Repeatedly clearing the binary counter within the setfing detection time

If the CPU malfunctions such as endless looping or deadleck 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- clearéd. At this time, when
WDTCR1<WDTOUT> = “1”, the RESET pin' outpus “L” level and then the internal
hardware is reseted. When WDTCR1<WDTQUT> = “0”, a wat¢hdog timer interrupt
(INTWDT) is generated.

The watchdog timer temporarily stops ceunting in STOP mode-inclading warm-up or
IDLE mode, and automatically restarts-(€Continues counting) when-the STOP/IDLE
mode is released.

Note: The watchdog timer consists ef-an internal divider-and/atwo-stage binary counter.
When clear code 4Ey is(written, only the binary counter is cleared, not the internal
divider. Depending en(the-timing at which-clear code 4E 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: Sets the watchdog timer detection time\to 2%'ffc [s] and resets the CPU malfunction.

SYSCR1 LB (WDTCR2), 4EH ; Clears the binary counters
LD (WDTCRH),-00001101B ; WDTT « 10, WDTOUT « 1

Within3/4 of LID (WDTCR2);4EH ; F)Iears Ithe binary counters (Always .clear
WDT detection| ! immediately before and after changing
time ! WDTT)
Within 3/4 of L|D (WDTER2), 4EH ; Clears the binary counters
WDT detection| !
time LD (WDTCR?2), 4EH ; Clears the binary counters
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Watchdog Timer Register 1

WDTCR1 7. ___ 6 ___ 5 4 3 2 1 0
(0034) '+ o | (aTas) |(aTouT|wDTEN]  wpTT  |woTour]| (initial value: *#11 1001)
WDTEN Watchdog timer 0: Disable (It is necessary to write the disable code to WDTCR2)
enable/disable 1: Enable
NORMAL1/2 mode SLOW
DV7CK =0 DV7CK =1 mode
WOTT Watchdog timer 00 2%/f¢c 2"t 2"t Write
detection time [s] 01 225 25/ 2"%s only
10 2%'fc 2P%fs 2"%fs
11 2"%¢ 2"fs 2""1fs
WDTOUT Watchdog timer 0: Interrupt request
output select 1: Reset request

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

Note 2: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz]} *: Don’t-care

Note 3: WDTCR?1 is a write-only register and must not be used with-any of read-modify-write instructions.

Note 4: The watchdog timer must be disabled or the countef must/be cleared immediately-before entering to the
STOP mode. When the counter is cleared, the counter.must be cleared-a@gain immediately)after releasing
the STOP mode.

Note 5: To disable the watchdog timer, always write “4Ep (Cledr 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 mater-flag,(IMF) by DI instruction.

Watchdog Timer Register 2
WDTCR2 7 6 5 4 3 2 1 0

(0035R) | ! 1 1 1 ] | 1 | (Initial value: **#* *k*)

4EH:  Watchdog timer binary counter clear (Clear code)
Watchdog timer control B1y:  Watchdegtimer disable (Disable code) Write
code write register D2y: Enableassigning address trap area only
Others: Ifivalid

Note 1: The disabte code is invalid unless written'when WDTCR1<WDTEN> = 0.
Note 2:  *;Don’t care

WDTCR2

Note 3: The.binary counter’of the watchdog timer must not be cleared by the interrupt task.
Note 4: Write clear code 4EH within 3/4 of the-timeset in WDTCR1<WDTT>.

Figure 2.4.2 Watchdog Timer Control Registers

(2) Watchdog timer enable

The watchdog timer 1s-énabled by setting WDTCR1<WDTEN> to “1”.
WDTCR1<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 time, write “4EH” (Clear code) to WDTCR2 for clearing the
binary counter before writing “0” to WDTCR1<WDTEN>, and then write “B1H”
(Disable code) to WDTCR2. The watchdog timer is not disabled if this procedure is
reversed and the disable code is written to WDTCR2 before WDTCR1<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”.
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Example: Disables watchdog timer

DI IMF « 0
LD (WDTCR2), 4EH Clear the binary counter
LDW (WDTCR1), 0B101H WDTEN « 0, WDTCR2 « Disable code

Table 2.4.1 Watchdog Timer Detection Time (Example: fc = 16 MHz, fs = 32.768 kHz)

Watchdog Timer Detection Time [s]
WDTT NORMAL1/2 Mode
SLOW Mode
DV7CK=0 DV7CK =1

00 2.097 4 4

01 524.288 m 1 1

10 131.072m 250 m 250 m

11 32.768 m 62.5m 62,5 m

2.4.3 Watchdog Timer Interrupt (INTWDT)

This is a non-maskable interrupt which can'be’accepted regardless of the-contents of the
EIR. If a watchdog timer interrupt or a softwareinterrupt is already aceepted, however, the
new watchdog timer interrupt waits until the previous interrupt processing is completed
(The end of the [RETN] instruction exe¢ution).

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
LD (WDTCR1), 00001000B

Sets the stack pointer
WDTOUT « 0

2.4.4 Watchdog Timer Reset

If the watchdog fimer reset request occur)the RESET pin outputs “L” level and then the
internal hardwareig' reseted. When the watehdog timer reset is generated, the flash reset
is also gérerated. Theréfore, the maximam, reset period is 24/fc [s] + 21/fc [s] (65.5 ps at
16.0 MH2).

Note: The high-frequency. clock oscillator also immediately turns on when a watchdog timer
reset is generated in SLOW mode. In this case, 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. Therefore, the reset time must be considered an

approximated value.

i 2"%c [s]

Clack [ IS N Sl I E T N I

Binary-counter

_Y_

[ wDTT = 11g)

Overflow

INTWDT interrupt

| X

|

|

T

|
(WDTCR1<WDTOUT> = “0") : /
Internal reset ' |
(WDTCR1<WDTOUT> ="1") T

___________ B el e i T T T T T i)

WDT reset output IT (High-2) | “L” output

Write 4EH to WDTCR2

Figure 2.4.3 Watchdog Timer Interrupt/Reset
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2.5 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 2.5.1.

Watchdog Timer Control Register 1

WDTCR1 __ 7. 6 _ 5 4 3 2 1
(0034y) i+ _— _1__— _| ATAS |ATOUT |wpoTEN)  (WRTT)  [woroun)| (Initial Value: *#11 1001)
0: No address trap
ATAS Selection of address trap in 1: Address trap
internal RAM (After setting ATAS to 1%, it is negessaly|to write the control | Write
code D2y to WDTCR2) only
ATOUT Selection of operation at 0: Interrupt request
address trap 1: Reset request

Watchdog Timer Control Register 2
WDTCR2 7 6 5 4 3 2 1 0
(0035p) | ! ! ! ! ! ! : | (nitial value: % *ws)

D2y: Addresstrapped area valid to set (ATRAP-cantrol code)
4EH: Woatchdog timer binary counter clear (WDT clear code) | Write
B1H: /" Watchdog timer disable (WDT.disable\code) only
Others: “Invalid

Watchdog timer control code
WDTCR2 | and Address trapped area
control code

Figure 2.5.1 Watchdog Timer Control Registers

(1) Selection of address trap int 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 instruetion 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 addresstrap-either interrupt generation or reset generation (RESET
pin.outputs “L” level) 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 is from pin P30 (DVO). The P51 output latch
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

disable, do not change the setting of the divider output frequency:

TBTCR 7 6 5 4 3 2 1 0
©0036y) [DVOEN|  Dpvock  |ovrek)|BTEN)| (TBTCK), | (1hitiar valde: 0000 0000)
DVOEN | Divider output enable/disable | - 0520
1: Enable
NORMAL1/2-Mode SLOW;.SLEEP
o DV7CK = @ DV7CK = 1 Mode W
Divider output (DVO ) 00 /2" fs/28 fs/2°
bvoCK frequency selection [Hz] 01 fo/i2? fs/2* fsr2*
10 fo/2!" fsf2® fs/2°
1 fc[21° fs/2? /52

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

Figure 2.6.1 Divider-OutputControl Register

Example: 1.95 kHz pulse putput (at fe.= 16.0 MHz)
SET (P3DR).0

LD
LD

(TBTCR), 000000008
(TBTCR), 10000000B

P30 output latch « “1”
DVOCK « “00”
7 / DVOEN « “1”

Table 2.6.1 Divider Output Frequency (Example:at fc = 16.0 MHz, fs = 32.768 kHz)

Divider Output.\Frequency [Hz]

DVOCK ) NORMAL1/2, IDLE1/2-Mode | sLOW, SLEEP
DV7CK=0 | (DV7CK =1 Mode
00 1.953 k 1.024 k 1.024 k
01 3.906k 2.048 k 2.048 k
10 7.813.k 4.096 k 4.096 k
11 15.625 k 8.192 k 8.192 k

Data-output

fcr2® or fs/2° >—A
fer2'%or fs/2* >—B
fc/2M orfs/2® >—c v
fc/2' or fs/2? >—D

2

DVOCK

Output latch

DVOEN
[ tBTCR |

Divider output control register

(a) Configuration

MPX: Multiplexer

P30 output latch _l

DVOEN

B E—
|

L

DVO pin output | “lll ||||| Ill

(b) Timing Chart

Figure 2.6.2 Divider Output
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18-Bit Timer/Counter (TC1)

2.7

Configuration

2.71
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Figure 2.7.1 Timer/Counter 1

2004-03-01

86FM29-62



TOSHIBA TMP86FM29

2.7.2 Control

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

Timer register
17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TREG1AH | |
(00124) . . TR:EG1A|Y| (001 1|H) . . . TI?EG1A]T (0010||.|) .
TREG1A Read/Write (Initial valug:00 0000 0000 0000 0000)
(0012H, 00114, 0010R)
Internal window gate pulse setting register
TREG1B 7 6 5 4 3 2 1 0
(00134) | , Ta , | , Tb , | (Initial value: 0000 0000)
Ta | Setling °H' level period ofthe | (15 14 519 or (16~ Ta)x 2%fs [s]
window gate pulse
Setting “L” level period of the RIW
Tb eting P (16 — Tb) x 2'¥fc or-(16 >Tb) x 2%/fs [s]
window gate pulse
Note 1: WGPSCK = 01
Timer/counter 1 control register 1
TR1CR1 7 6 5 4 3 2 9 0
(0014y) | TC1C | TG1S | TC1CK | | TGIM_ | nitial vatte: 1000 1000)
0:Counter/overflow flag clear requést
TC1C S . .
{17 is automatically setafterclearing.)
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% or fs/2'"° [Hz]
011: Internal slock fo/2'® or fs/2° [Hz] R/W
TC1CK | TC1 source/CogRsclact 100: Intérnal clock fc/2'" or fs/2° [Hz]
101: Internal clock fc/2” [HZ]
110° Internakclock fc/2° [HZ]
111: External lclock (ECIN pin input)
00: Timer/Event counter mode
01 Reserved
TCIM | TC1 made 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 27 Writing’to the low-byte of/the timer register 1A (TREG1AL, TREG1Ay), the compare function is inhibited until
the high-byte (TREG1An) is written.

Note 3: Set the mode and 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
measuremént modé during\NORMAL 1/2 or IDLE 1/2 mode.

Note5; When a read instruction is Jexecuted to the timer register (TREG1A), the counter immediate value, not the
register set'valde, is read-out. Therefore it is impossible 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 2.7.2 Timer register/window gate pulse setting register/control register of the TC1
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Timer/Counter 1 control register 2

TC1CR2 7 6 5 4 3 2 1 _0o_
(00154) | SEG | SGP |SGEDG| waGPSCK  [Tc60UT| 0" ! (Initial value: 0000 000*)
SEG External input clock (ECIN) 0: Counts at the falling edge
edge select 1: Counts at the falling/rising edges

00: ECNT input

) 01: Internal window gate pulse (TREG1B)
SGP | Window gate pulse select 10: PWMS / PDOG / PPG6 (TC6) output
11: Reserved

Window gate pulse interrupt 0: Interrupts at the falling edge

SGEDG edge select 1: Interrupts at the falling/rising\edges RIW
00: Select 2"%/fc or 2%/fs
Window gate pulse source 01: Select 2'%fc or 2%fs
WGPSCK clock select 10: Select 2"/fc or 2%fs
11: Reserved
TC6 output (PWM6 /PDO6 / 0: Output to P33
TC60UT put uipu 10

PPG6 ) external output select 1: No output to P33

Note 1: fc; High-frequency clock [HZz] fs; Low-frequency clock [Hz] ¥»; Don’t care

Note 2: Set the mode, source clock, and edge (selection) when'the TC1 stops (T€1S = Q0).

Note 3: If there is no need to use PWM6 / PDO6 / PPG6 as-window gate pulse of TC1,always, write”“0"/to TC60UT.
Note 4: Make sure to write “0” to bit 0 in TC1CR2.

TCA1 status register
TC1SR 7 6 5 4 3 2 1 0

----- R i Sl St Vel et o
(0016R) HECF | HEOVF B A O O ¢ L I O :(Initial value: 0000 0000)

0: Stop (during,Tb) or disable
1:Under counting-(during Ta) Read
0: No overflow only
1: Overflow status

HECF | Operating Status monitor

HEOVF [ Counter overflow monitor

Figure 2.7.3 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 NORMAL2 mode.
(1) Timer mode
In this mode, counting up is performed using the intérnal 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 2.7.1 Source clock (internal clock) of Timer/Counter 1
Source Clock Resolution Maximum Time Setting
NORMAL1/2, DLE1/2Mode | o\ ow Mode | SLEEP Mode | fo = 16 MHz | fs=32.768KHZ | fo— 16 MHz| fs = 32.768 kHz
DV7CK=0 | DV7CK=0
fc/2% [Hz] fs/2" [Hz] fc/2" [Hz] fc/2" [Hz] 0.52 [s] 1 ¢ 38.2 [l 72.8 [h]
fc/2™ fs/2° fc/2° fc/2° 512  [us} 0:98 [ms] 2.2 [minj 4.3 [min]
fc/2" fs/23 fc/23 fc/23 128  [us] 244 [ps] 06 [min] 1.07 [min]
fc/2 fc/2’ - - 8 [us] - 247} -
fc/2°® fc/23 - - 0/5{us] - 1311 [ms] -
fc fc fc (Note) - 62.5._[ns] - 16.4.Jms] -
fs fs — — — 30.5 [us] — 8 [s]
Note: When fc is selected for the source clock in’'SLOW mpde, the lower bits 11 of TREG1A is invalid, and a

match of the upper bits 7 makes interrupts.

Command Start
[}

[}
Source clock |||:|||||||||||||||||||||||||||||

Counter 0 X 1 X 27 X 30X 4 X é1X2X3X4X5X6X
\ A

TREG1A X n
[}
! Match detect Counter clear

INTTC1 ] “I_P

Figure 2.7.4 Timing-chartfor timer mode

(2) Event Countér mode

It is a mode to count up atthe falling edge of the ECIN pin input. Both edges can not
be-used, The countents of TREG1A are compared with the contents of up-counter. If a
match is found, am \INTTC1 interrupt is generated, and the counter is cleared.
Counting up resums_for~ECIN pin input edge each after the counter is cleared. The
maximum applied frequency is fc/24 [Hz] in NORMAL 1/2 or IDLE 1/2 mode and fs/24
[Hz] in SLOWY orSEEEP mode. Two or more machine cycles are required for both the
“H” and “L”levels of the pulse width.

Start
i M
ECIN pin input ! |_| (« |_| |_|
I )y —
1 (C |
Counter i 0 X 1 X 2 X ;; X n71XnXOX 1 X 2
' 7}
TREG1A X in b
[}
INTTCA i Match detect W Counter clear

Figure 2.7.5 Pulse width measurement 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 INTTCL1 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.countgd up from 3FFFFH
to 00000H, an overflow occurs. HEOVF (bit 6 in TCISR) 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.

Counter
INTTCA

Program

ECIN pin input I | |
Internal clock ||||||||||Illllllllllllllllllllll

Count Start Count\Stop Count Start

0 X1 X2X3X Xoo2th-X n X o X 1 X 2

Ll
|

Read and clear

Interrupt

Figure 2.7.6 Pulse width measurement mode timing chart

Note 1: INTTCH1 interruptoccurs when EE€IN-inputis “1” and TC1S of TC1CR1 is written to
“00”/ According to the following-step, when timer counter is stopped, INTTC1
interrupt latch should be ¢leared to“0”.

TCA1STOP:
DI ; Clear IMF
CLR (EIRH). EF8 ; Clear EF8
LD (TC1CR?), 00011010B ; Stop timer couter 1
LD (ILH), 11111110B ; ClearIL8
SET._\(EIRH). EF8 ; Set EF8

El ;. Set IMF

Note 2: WhenSGEDG (window gate pulse interrupt edge select) is set to both edges and
ECIN pininput is “1” in the pulse width measurement mode, an INTTC1 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 INTTCL1 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 ¢leared, 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 /PPG6) for the window  gate pulse, external
output of PWM6/PDO6 /PPG6 to P33 can /be ctontrolled using. TC6QUT (bit 1 in
TC1CR?2). Zero-clearing TC60UT outputs PWM6 /PDO6 /' PPG6 /10 R33; setting 1
in TC60UT does not output RWM6/PDO6 /PPG6 to P33. (TC6QUT is used to
control output to P33 only. Thus, use the timer Counter & control register to
operate/stop PWM6/PDO6 / RPG6 .)

e When the internal window.gate-pulse is selected; the/ window gate pulse is set as
follows. The internakwindow gate pulse consistsof “H” level period (Ta) that is
counting time and “L*levelperiod (Th)that is counting stop time. Ta or Th can be
individually set byl 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.

Note2: ‘Set the/internal window gate pulse when the timer counter is not operating or
during the Thperiod.When|Tb is overwritten during the Tb period, the update
is valid from the.next Tb period.

Table 2.7.2 Setting Ta and Tb
(WGPSCK = 10, fs = 32.768 kHz)
€--> Ta -—-~>€-Th > , -
— < Setting Setting time Setting Setting time
Value 9 Value 9
The setfing time fo Ta or Tb is shown as the follewing format.
at (NGPSCK-10) 0 31.25ms 8 15.63 ms
(16 >n)x2™fc[s] or 1 29.30 ms 9 13.67 ms
A6 =nyx2%s [s] 2 27.34 ms A 11.72 ms
The setting time at fs = 32.768 kHz/s.listed in a table mentioned 3 25.39 ms B 9.77 ms
right. 4 23.44 ms C 7.81 ms
Ta is set by the upper side (bits 7 to 4), and Tb is set by the lower 5 21.48 ms D 5.86 ms
7 17.58 ms F 1.95 ms

Figure 2.7.7 Window gate pulse format
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ECIN pin input I | I | I | I | I | I | I | I | I | I | I | I | I | I | I | I | I
Window gate I | | |
pulse

€-—-—-——-—-- Ta------------ >€—-—== Tb —==—= »€————-————-- Ta------------ >
Counter 0 X1 X2X3X4X5X 6 0 X1 X2X3X4X5
Read 1 Clear
INTTC1 \

Figure 2.7.8 Timing chart for the frequency measurement mode
(ECIN falling edge count, window gate pulse fallihg’interrupt)
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2.8 8-Bit Timer/Counter (TC3, 4, 5, 6)

The TMP86FM29 has 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.

2.81

Configuration

PWM mode

—

L A
Y
16-bit

S
mode _+
S

Timer, event
counter mode

9 AY
T:]:)—B

PWM mode

PWM, PPG mode

=

—

LD—I"D_) INTTC4
\_\_‘—o<]—TC4S !

PDO, PPG mode

Toggle

o—|>o—|j

Py

Y

¥

Y

Overflow
fc/2" or fs/2° —>| A l Clear
fo/2’ —B Y A Yl g.bit up-counter
fc/2° —lc B
fc/2® —{D S
fs —>E >
]fc/2 —>F 16-bit I::

C —>G d
TC4 pin [J}——{H mode

S
TCAM «——
TC4S «— —>

TC4CK
TFF4 «—— T_(>
TC4CR TTREG4 | | PWREG4
16-bit
mode
TO3S
Clear b

fc/2" or fs/2° —>{ A
fo/2’ —B Y > 8-bit up-counter
fc/2® —lc Overflow
fc/2® —>D
fs —>E
fc/2 —{F
fc —>G
TC3 pin [(}——>H

S
TC3IM «——— &
TC3S «— | /l1gsek
TFF3 <«— F>

TCACR TTREG3 | | PWREG3

PWM mode

Timer, event
counter mode

I_D_

16-bit mode

il
=

16-bit mode

Set PDO4 / PWM4 /
Clear )
PPG4 pin
Timef F/IF4
Decode
ENH— PDO,PWM,
T« PPG mode
TFF4
INTTC3
Toggle
aH >0
Set PDO3 / PWM3
Clear .
pin
Timer F/F3

Decode

TFF3

. EN‘C&

PDO, PWM mode

16-bit mode

Figure 2.8.1 8-bit timer 3, 4
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Y

G

Y

PWM mode
Overflow I—D
fc/2" or fs/2* —>|A | Cloar |—
fe/2! B Y »A Y g it up-counter *
fo/2° —lc >{B \A_l—o<l— TCeS
fc/2® —>{D S
fs —>E > PDO, PPG mode
]‘ZC/ 2 | F 16-bit |::> * A
c —1G d E::[:)-B Y
TC6 pin EJ___**E mode s
16-bit :

A Timer, event
TCEM _—> mode S [countermode
TC6S «—— .

TC6CK AY
TFF6 €«—— ’t> ED B
PWM, PPG-made
TC6CR TTREG6 PWREG6
16-bit
mode
TC5S
Clear 3 L 4

fc/2'" or fs/2° —>{A _
fcl2’ —IB Y > 8-bit up-counter 16-bit modé
fc/2° —{Cc Overflow
fc/2° —D
fs —>E
fc/2 —F
fo G Timer mode

S
TC5M «—— 4
TC58 «—— | |tcsck

TC5CR TTREGS PWREG5

By

N D> INTTCS

Set
Clear

Toggle
Q

—{ >0

PDO6 / PWM6 /

Timer F/F6

Decode

TFF6

INTTC5

—PDO,PWM,

PPG6 pin

PRG mode

Figure2.8.2 8-bit timer 5, 6
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2.8.2 Control

The timer/counter 3 is controlled by a timer/counter 3 control register (TC3CR) and two
8-bit timer registers (TTREG3 and PWREGS3).

Timer Register
TTREG3

7

(001CH) |

| (initial value: 1111 1111)

R/W
PWREG3

7

(002Cy) |

| (Initial value: 1111 1171

R/W

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/counterlis operating, except 8-bit PWM and 16-bit

Timer/counter 3 control register

PWM mode.

Note 4:

TC3CR 7 6 5 4 3 2 1 0
©018y) | TFF3 | | TC3CK | Tcas | TCSM /. | (nitial valué:0000 0000)
TFF3 | Timer F/F3 control 0: Cleay
1: Set
NORMAL1/2, IDLE1/2 Mode SLowie
DV7CK=0 DV7CK = 1 Mode
000 fcr2® fs/2° fs/2°®
001 fc/2’ fé12’ -
TC3CK | TC3 source clock select [Hz] 210 fef 22 fer 2: -
011 fcl2 fc/2 -
100 fs fs fs
101 fc/2 fc/2 - R/W
110 fc fc fc (Note 8)
111 TC3 pin input
Tc3s | TC3 start confral 0: Stop and‘ceunter.clear
1: Command start
000: 8-bit timer/event counter mode
0011 8-bit/programmable divider output (PDO) mode
TC3M % TE3 operating mode select 040: 8-bit-pulse width modulation (PWM) mode
0™.16-bit mode (Mode selection is controlled by TC4M)
1**: Reserved
Note 1: fc; High-frequency clock [HZz] fs; Lew=frequency clock [HZz]
Note 25 Ddring TC3 operation, do not change TC3M, TC3CK and TFF3.
Note 3:'WhenTC3 operation is stopped (TC3S = “1” — “0” ), do not change TC3M, TC3CK and TFF3. But it is possible

Note 5:

Note 6:
Note 7:
Note 8:

to change TC3M, TC3CK and TFF3 at the start timing (TC3S = “0" — “1”).

When used as 16-bit mode;-the operating mode is selected by TC4CR<TC4M>, and TC3M should be set to
oM.

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‘TC4CR<TC4S> and TC4CR<TFF4>.

Selecting source clock.depends on the operating mode, refer to Table 2.8.1 and Table 2.8.2 for details.

Value of timer register depends on the operating mode, refer to Table 2.8.3 for details.

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

Figure 2.8.3 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
TTREG4 7 6 5 4 3 2 1 0

(001DR) | : i i | : ; ; | (initial value: 1111 1111)
RIW

PWREG4 _ 7 6 5 4 3 2 1 0

(002D) | ! ! ! ! ! : : | (Initial value: 1111 1111)
RIW

Note 1: Do not change the timer register (TTREG4) while timer/counter is operating,
Note 2: Do not change the timer register (PWREG4) while timer/counteris operating,/except 8-bit PWM and 16-bit PWM
mode.

Timer/Counter 4 control register

TCACR 7 6 5 4 3 2 1 h)
(©019y) | TFF4 | | TCACK , | Tc4s | _TCam > (Initial value: 0000(0000)
TFF4 | Timer F/F4 control 0: Clear
1: Set
SLOWA2
NORMAL1/2, IDLE1/2 Mode SHembr2
DV7CK=0 DV7CK/=1 Mode
000 fel2}! fs/2® fs/2°
004 fc/2’ fel2’ -
5 5
TC4CK | TC4 source clock select [Hz] |-°1° fel. 23 fof 23 -
011 fc/2 fe/2 -
100 fs fs fs
101 fof2 fc/2 -
110 fc fc - RIW
111 TC4 pin input

0: Stop and ¢ounter clear

TC4S TC4 start control
1: Command start

000: 8-bit timer/event counter mode

001: 8-bit programmable divider output (PDO) mode

010: 8-bit-pulse width modulation (PWM) mode

011{ Resefved

100: 16-bit timer/event counter mode

104:"Warming-up counter mode

110:16-bit programmable divider output (PDO) mode

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

Note 1: “fe; 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, TC4CK and TFF4. But it is possible
to\change TC4M, TC4CK and-TFF4 at the start timing (TC4S = 0" — “1”).

Note-4:"When TC4M.is selécted to “1**” (16-bit mode), the source clock is automatically selected to the over-flowing
signal of TC8 counter.

Note5¢ When used as 16-bit mode;, the operating mode is selected by TC4M, and TC3CR<TC3M> should be set to
“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 F/F are controlled by TC4S and TFF4.

Note 7: Selecting source clock depends on the operating mode, refer to Table 2.8.1 and Table 2.8.2 for details.

Note 8: Value of timer register depends on the operating mode, refer to Table 2.8.3 for details.

TC4M | TC4 operating. mode select

Figure 2.8.4 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 PWREGS5).

Timer register
TTREG5 7 6 5 4 3 2 1 0

(001Ep) | : i i | : ; ; | (initial value: 1111 1111)
RIW

PWREGS 76 5 4 3 2 1 0

(002Ep) | ! ! ! ! ! : : | (Initial value: 1111 1111)
RIW

Note 1: Do not change the timer register (TTREGS5) 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

TCSCR 7 6 5 4 3 2 1 0
(001Ay) | TFF4 , TC5CK | TCs8 | _ TC5M | | nitial value: -000-0000)
NORMAL4/2, 1DLE1/2 Mode eoel/2
DV7CK £ 0 DV7CK = 1 Mode
000 fo/2 fs/2® fs/23
001 fc/2! fc/2’ -
TC5CK | TC5 source clock select [Hz] | 010 fel 22 fel 2: -
011 fc/2 fc/2 -
100 fs fs fs
107 fc/2 &2 -
110 fc fc fc (Note 8)
111 Reserved

0:Stop and ceunter clear
1: Command start
000: 8-bit timer mode
001: Reserved
TC5M | TC5 operating mode select 010: Reserved
011: 16-bit mode (Mode selection is controlled by TC6M)
1+« Reserved

TC5S TCS5 start control

Note 1: fc; High-frequency clock/[HZ] fs; Low-frequency-clock {Hz]

Note 2: During’TC5 pperation;-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
changeTC5M and TC5CK at the start timing (TC5S =“0" — “17).

Note 4: When used as “46-bit mode, the~operating mode is selected by TC6CR<TC6M>, and TC5M should be set to
“041”.

Note 55 When used as 16-bit mode, only the saurce clock is selected by TC5CK, and start of operation and control of
F/F.are-controlled by TC6CR<TC6S> and TC6CR<TFF6>.

Note-6:~Selecting source clock depends on the operating mode, refer to Table 2.8.1 and Table 2.8.2 for details.

Note.7: Value of timer register depends.on the operating mode, refer to Table 2.8.3 for details.

Note8:_When used,as the SIZOW and SLEEP modes, the “fc” of TC5 source clock can use only “fc warming-up counter”
mode.

Figure 2.8.5 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 7 6 5 4 3 2 1 0

(001Fp) | : i i | : ; ; | (initial value: 1111 1111)
RIW

PWREG4 _ 7 6 5 4 3 2 1 0

(002FH) | ! ! ! ! ! : : | (Initial 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 (PWREGG6) while timer/counteris operating,/except 8-bit PWM and 16-bit PWM
mode.

Timer/Counter 6 control register

TC6CR 7 6 5 4 3 2 1 h)
(001By) | TFF6 | | TCBCK | | Tces | _TCeM. [ (Initial value: 0000{0000)
TFF6 | Timer F/F6 control 0: Clear
1: Set
SLOWA2
NORMAL1/2, IDLE1/2 Mode SHembr2
DV7CK=0 DV7CK/~1 Mode
000 fel2}! fs/2® fs/2°
004 fc/2’ fe/2’ -
5 5
TC6CK | TC6 source clock select [Hz] |10 fel. 23 fof 23 -
011 fc/2 fe/2 -
100 fs fs fs
101 fof2 fc/2 -
110 fc fc - RIW
111 TC6 pin input

0: Stop and ¢ounter clear

TC6S TC6 start control
1: Command start

000: 8-bit timer/event counter mode

001: 8-bit programmable divider output (PDO) mode

010: 8-bit-pulse width modulation (PWM) mode

011{ Resefved

100: 16-bit timer/event counter mode

104:"Warming-up counter mode

110:16-bit programmable divider output (PDO) mode

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

Note 1: “fe; 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 selécted to “1**” (16-bit mode), the source clock is automatically selected to the over-flowing
signal of TC5 counter.

Note5¢ When used as 16-bit mode;, the operating mode is selected by TC6M, and TC5CR<TC5M> should be set to
“011”.

Note 6: 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 TFF6.

Note 7: Selecting source clock depends on the operating mode, refer to Table 2.8.1 and Table 2.8.2 for details.

Note 8: Value of timer register depends on the operating mode, refer to Table 2.8.3 for details.

Note 9: If there is no need to use PDO6 / PWM6 / PPG6 as window gate pulse of TC1, always write “0” to TC60UT.

TC6M | TC6 operating mode select

Figure 2.8.6 Timer 6 register and timer/counter 6 control register
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Table 2.8.1 Operating mode and available source clock
(NORMAL1/2, IDLE1/2 mode)

fc/2™ TCi

Operating Mode or fci2” | fer2® | fc/2® fs fc/2 fc pin

fc/2°® input
8-Bit Timer ¢ ¢ o o - - _ _
8-Bit Event Counter - - - — - - _ o
8-Bit PDO o o o o - > — _
8-Bit PWM ¢ ¢ ¢ o o o o -
16-Bit Timer o o o o i = _ _
16-Bit Event Counter — - — - o
Warming-up Counter — — — - o - - _
16-Bit PWM 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).

Note 2: i =3, 4, 6 (8-bit mode)
i = 3 (16-bit mode)

Table 2.8.2 Operating mode and available source clock
(under SLOW1/2/mede, SLEEP1/2 mode)

fc/2" TCi

Operating Mode or fo/2f | fcr2® | fe/2® fs fc/2 fc pin

fc/2°® input
8-Bit Timer o - - - - - _ _
8-Bit Event Counter - = - — - _ _ o
8-Bit PDO o A\ - - - - - _
8-Bit PWM o 4 - - o - - -
16-Bit Timer o - - - - _ - _
16-Bit Event Counter - — . - - - _ o
Warming-up Counter = — — — - - o _
16-Bit PWM o] - - _ o _ _ o
16-Bit PPG o] - _ - _ _ _ o

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

Note 2: i =3, 4, 6 (8-bit mode)
i = 3 (16-bit mode)

Table 2.8.3 Restriction against the rate for comparing registers

Operating'Mode Authorized Rate for Register

8-Bit Timer/Event-Counter 1<(TTREGn) < 255

8-BitPDO 1< (JTREGn) < 255

8-BitPWM 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 < (TTREGS, 5) < 65535

16-Bit PWM 2 < (PWREGH4, 3) < 65534, 2 < (PWREGS, 5) < 65534

16-Bit PPG 1 < (PWREGH4, 3) < (TTREG4, 3) < 65535 and (PWREG4, 3) + 1 < (TTREG4, 3)
1< (PWREGS, 5) < (TTREGS, 5) < 65535 and (PWREGS, 5) + 1 < (TTREGS, 5)

Note: n=3to6
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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.

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

In this mode, counting up is performed using the internalclock. 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%.Ceunting up resumes after the
counter is cleared.

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

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 /PWM; / PPGj pin:

Note 2: In the timer mode, do not changge the/setting of timer registers(FTREGI) while
timer/counter is operating. Since TTREGI is configured \as-one-stage register, a

newly set value is immediately reflected on the timer register:

Note 3: j=3,4,6 i=3t06

Table 2.8.4 Timer/Counter I-source clock (internal’'clack)

Source Clock Resolution Maximum Time Setting
NORMALL/2, IDLE1/2 Modes | ~ SLOW1/2,
SLEEP1/2” | Atfc=16 MHz |At f'< 32,768 kHz| At fc = 16 MHz |At fs = 32.768 kHz

DV7CK=0 | DV7CK=0 Modes

fc/2™ [Hz] | fs/2® [Hz] fs/2® [Hz] 128 [us] 244.14 [ps] 32.6 [ms] 62.3 [ms]
fc/2’ fc/2’ 4 8 [us] - 2.0 [ms] -

fc/2® fc/2® - 2 [us] - 510 [us] -

fc/2® fc/2® ~ 500 [ns] > 127.5 [us] —

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

LDW (TTREG4); 0AH

DI

SET (EIRH)EF11

El

LD ATC4CR), 00010000B ;

LD(  (TG4CR), 000110008 ;

Enables INTTC4 interrupt

; Sets the timer register (80 us + 27/fc = 0AH)

Sets the 8-bit timer mode and source clock

(fc/27)

Starts TC4

86FM29-76

2004-03-01



TOSHIBA

TMP86FM29

TCACR<TC4S>

|
Internal sourc ! |
clock : '

| |
Counter o X1¥X2 X3 )(22 Xn— 1XnXoX 1 X 2 )(22 Xn— 1XnXoX 1 )@( 0
: (( N (( 1 !
TTREG4 2 X n « D 4 (3
! ) )y T
, .
1 Match detect Counter clear Match detect, Ceounter clear
INTTC4 ! ()() W ‘,‘, W !
Figure 2.8.7 8-bit timer mode timing chart (in case of timer/counter 4)
(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
TTREG;j are compared with the contents of up-counter. If a match isfound, an INTTC]j
interrupt is generated, and the counter is cleared. The maximumaapplied-frequency is
fc/24 [Hz] in NORMAL1/2 or IDLE1/2 mede and-fs/24 [Hz] in SLLOW41/2 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‘autput from PDOj/PWMjNPPG;))pin.
Note 2: In the event counter mode;-de.not change the setting, of timer registers (TTREG;))
while timer/counter i§operating. Since TTREG) s eonfigured as one-stage register,
a newly set value issimmediately reflected on-the timer register.
Note 3: j=3,4,6
TCACR<TC4S>
1 |
reapnmpu [ ]| NigENENEIEpipEI .
: | | | | | | | | | | | | | |
Counter X1X2)(2 Xo — X XOX X2 Xo-2XnXo Xz X2X o
: (( L (( /
TTREG4 2 X n 4 4 b
| )] )]
' Match detect Counter clear Match Counter clear
INTTC4 | ( w detect

((
)

Figure 2.8.8 Event counter mode timing chart (in case of timer/counter 4)
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(3) 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 output is inverted and output to the
PDOj pin. When used as 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 itis initialized to “0” during reset. An INTTCj interruptis generated each time the
PDOj output is toggled.

Example: Output a 1024 Hz pulse (at fc = 16.0 MHz = 70 irycase of TC4)

LD (TTREG4), 3DH i (/1024 2Yfc) + 2)= 3DH
LD (TC4CR), 00010001B ; Set the 8-bit PDO mode and source clock
(fc/27)

LD (TC4CR), 00011001B ; Starts-JC4

Note 1: Inthe programmable divider output(PDQ)-mode; do not change the setting of timer
registers (TTREG;)) 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 2: If PDO output is stopped during eutput operation, the output state is maintained at
the state immediately before-timer/counter is stopped. For changing the level of
PDOj pin, modify TCJCRLTTFj> after timer/counter has been stopped. Do not
execute halt of timer/counter and modification\.of/TFFj simultaneously.
Example: Fixes PDOj output at highfevel-after timer/counter is stopped
CLR (TEJER).3 ; Stops timer/counter.
CLR (TCJCR).7 : Sets’ PDOj output to high level output

Note 3: i=3,4,6
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Figure 2.8.9 8-bit PDO mode timing chart (in case of timer/counter 4)
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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 PWMi 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 PWREGIi 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 PWREGIi buta 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 INTTCi 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 INTTCiinterrupt is generated:

Note 2: If PWM output is stopped during output operation/the putput state is maintained at
the state immediately before timer/Counter is stepped. For changing the level
of PWMi , modify-TCIER<TTFi> aftér_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; Stops:timer/counter.
CLR/(TCICR).7; Sets:PWM; 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 sélected as the source clock, pulse is output from PWM
pin during warming-=up-after releasing STOP mode.

Note 4: i'=3;4, 6
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Figure 2.8.10 8-bit PWM mode timing chart (in case of timer/counter 4)

2004-03-01

86FM29-81



TOSHIBA

TMP86FM29

Table 2.8.5 PWM output mode

Source Clock Resolution Maximum Setting Time
NORMAL1/2, IDLE1/2 Mode SLOWL/2,
fc=16 MHz | fs=32.768kHz | fc=16 MHz | fs=32.768 kHz

DV7CK -0 | Dv7CK—1 |SLEEPL/2 Mode

fc/2™ [Hz] | fs/2® [Hz] fs/2® [Hz] 128 [us] 244.14[ps] 32.8 [ms] 62.5 [ms]

fc/2’ fc/2’ - 8 [us] - 2.05 [ms] -

fc/2® fc/2® - 2 [us] - 512 fus] -

fc/2® fc/2® - 500 [ns] - 128 ( ([us] -

fs fs fs 30.5[us] 30.5 [us] 7.81ms] 78.1 [ms]

fc/2 fcl2 - 125 [ns] - 32, ) [us] -

fc fc — 62.5[ns] — 16/ Jus] —

(5) 16-Bit Timer Mode (Timer/counter 3 and 4, Timer/counter5 and 6)

In this mode, counting up is performed using the internal clock.
Timer/counter 3 and 4 (5 and 6) are also ayvailable.as a 16-bit timer mede 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-FTREGA4. The timer register

must not write only eithel, TTREG3 or TTREG4,

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

If a match is found;_the INTTC6 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 TTREG5 more firstthan TTREG6. The timer register

must not write-enly either TTREG5or TTREGSG.

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

Note' 2: Inythe 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.

Note 3: j=3,4,6 i=3t06

Table 2.8.6 Source clock of 16-bit timer mode

Source Clock Resolution Maximum Setting Time
NORMAL1/2, 1DEEL/2 Mode SLOWA/Z,
fc =16 MHz fs = 32.768 kHz fc = 16 MHz fs = 32.768 kHz
DV7CKR=0-| DV7CK=4(] SLEEP1/2 Mode
fc/l2" Hz] fs/2® [Hz] fs/2 128 [us] 244.14 [ps] 8.39 [s] 16 [s]
fol2” fc/2’ - 8 [us] - 524.3 [ms] -
fc/2° fc/2° - 2 [us] - 131.1 [us] -
fc/23 fc/23 — 500 [ns] — 32.8 [us] —
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Example: Set the 16-bit timer mode with source clock fc/27 [Hz] and generates an
interrupt 300 [ms] later (at fc = 16 [MHZz])
LDW (TTREG3), 927CH ; Sets the timer register
(300 ms =+ 27/fc = 927CH)

DI

SET (EIRH). EF11 ; Enable INTTC4 interrupt

El

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

LD (TCACR), 04H ; Sets the 16/bit timer mode (upper)

LD (TC4CR), OCH ; Startstimer/counter

TCACR<TC4S> I

[}
Internal ! :
source clock ! '
| I
Counter D G D €D ¢l T 0GR I (I T 0 (E8) £ &
! A ‘c A
))
(C

1 ( !

TTREG3 )
? x n ) )

(lower) ; :,;, P :

[}
mess 2 Xm ) g R >

i : I\;I)atch detect Counter clear 0 Match Counter cleiar

INTTC4 I Ay detéct A Y !

((
))

Figure 2.8.11 16-bit timer mode timing chart (in’case of timer/counter 3 and 4)

(6) 16-Bit Event Counter Made (Timer/counter 3 and 4)

In this mode,/event . are counted on. the falling edge of the TC3 pin input.
Timer/counter 5 and.6 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

I¥ & mateh 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 TC3Yinput. 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 registershould write to the TTREG3 more first than TTREG4. The timer
register must not'write only either TTREG3 or TTREGA4.

Note 1: In'‘the event counter mode, always write TCjCR<TFFj>to “0”. If TFFjis 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 (TTREG;j)
while timer/counter is operating. Since TTREG; is configured as one-stage register,
a newly set value is immediately reflected on the timer register.

Note 3: j=3,4
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(7) 16-Bit Pulse Width Modulation (PWM) Output Mode
(Timer/counter 3 and 4, Timer/counter 5 and 6)

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

are also available as a 16-bit PWM output mode by cascade connection.

a.

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

The contents of PWREG3/4 are compared with the contents of up-counter. If a
match is found, the timer F/F4 output is toggled. The coanter 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 andputput to the PWM4 pin. An
INTTC4 interrupt is generated when an overflow ‘0ccurs. When used as PWM4
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 PWREGA4/3 while~timer/counter_is operating.
Therefore, output can be altered contintiously.~The shift operation ef PWREG4/3
to shift register is executed at theINTTE€4 timing. While-timer/counter is
operating, the data by read instruction’is ©ot a setting valueof PWREG4/3 but a
value of shift register. Therefore, after writing to PWREG4/3the reading data of
these registers is previous value tilNNTTC4 is generated:

While timer/counter stops, /written value to PWREGH4/3’ is shifted to shift
register immediately. When writing to PWREG4/3, always write to the lower side
(PWREG3) and then the upperside (PWREG4) in thatorder. Writing to only lower
side (PWREGS3) or the/Upper side (PWREG4) has no effect.

16-bit PWM output moede-of, Timer/counter 5 and\6

The contents of PWREG5/6 are compared-with the contents of up-counter. If a
match is found, thetimer F/F6 output is toggled. The counter continues counting.
And, when an overflow occurs, thetimer F/F6 output is again toggled and the
counter is cleared. /Timer F/F6 output is inverted and output to the PWM6 pin.
An INTTCG interrupt is generated-when an overflow occurs. When used as PWM6
pin,- respective’/ output latch-should be set to “1”. In PWM mode, because
PWREG®S6/5_each becomes a 2;5tage 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 PWREG6/5
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 PWREGG6/5 but a
value of shift register. Therefore, after writing to PWREG6/5, the reading data of
these registersis‘previous value till INTTCS6 is generated.

While timer/Counter stops, written value to PWREG6/5 is shifted to shift
register immediately. When writing to PWREG6/5, always write to the lower side
(PWREGS) and-then the upper side (PWREGS) in that order. Writing to only lower
side (PWREGSY5) or the upper side (PWREGS6) has no effect.
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Note 1:

Note 2:

Note 3:

Note 4:

In PWM mode, write to the timer register PWREGmM,n immediately after an
INTTCm interrupt is generated (normally during the INTTCm interrupt service
routine). If writing to PWREGmM, 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 (TCIiCR).3; Stops timer/counter
CLR (TCIiCR).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, puls€’is outputfrom PWM
pin during warming-up after releasjng-STOP.mode.

m=4andn=3,orm=6andn=5.i<4, 6.

Table 2.8.7 16-bit PWM-output mode

Source Clock Resolution Maximum Setting Time
NORMAL1/2, IDLE1/2 Mode | SLOW, SLEEP
fc =16 MHz, | fs = 32.768 kHz (| /¢ <16 MHz | fs =32.768 kHz
DV7CK=0 | DV7CK=1 Mode
fc/2t fs/2° [Hz] fs/2°® 128™[is] 244 14 ps) 8.39[s] 16 [s]
fc/2” fc/2’ - 8. [us] - 524.3 [ms] -
fc/2° fc/2® - 2" [us] = 131.1 [ms] -
fc/23 fc/2® - 500 [ns] - 32.8 [ms] -
fs fs fs 30.5[ps] 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 1 ms
respectively, from P32 width 16-bit PWM mode
(atfc< 16 MHz =40%, DV7CK = 0)
LDW (PWREG3),.07DOH ;

Sets pulse width

LD (TC3€R),33H ; Sets the 16-bit PWM mode (lower) and
source clock (fc/23)

LD (TC4CR), 056H ; Sets the TFF4 to “0” and sets the 16-bit
PWM mode (upper)

LD (FC4ACR), O5EH ; Starts timer/counter
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(8) 16-Bit Programmable Pulse Generate (PPG) output mode
(Timer/counter 3 and 4, Timer/counter 5 and 6)

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

are also available as a 16-bit PPG output mode by cascade connection.

a.

16-bit PPG output mode of Timer/counter 3 and 4

First, the contents of PWREG3/4 are compared with the contents of up-counter.
If a match is found, the timer F/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 FI/F4 output is configured by TC4ACR<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/TIREG4.~ The timer
register must not write only either PWREG3/TTREG3 or PWREG4/TTREGA.

16-bit PPG output mode of Timer/counter5/and 6

First, the contents of PWREGS/6 are.compared with the centents of up-counter.
If a match is found, the timgr ' F/E6_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 te’“0".

The F/F6 output_is-configured by FC6CR<TFF6>. Therefore, the PPG6 can
output either output high or output low at first time. The timer register should
write to the PWREGSATREGS5 mare first than PWREG6/TTREG6. The timer
register must not write only either PWREG5/TTREG5 or PWREG6/TTREGSG.

Example: Extract/the pulse, whosé_term and “high” width is 16.385 ms and 1 ms

respectively, from P32 with;16-bit PPG mode (at fc = 16.0 MHz, DV7CK = 0)

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

LDW (PWREGS3);07D0H/ ; Sets pulse width

LDW (TTREG3),-8002H ; Sets pulse term

LD (TC3CR), 33H ; Sets the 16-bit PPG mode (lower) and
source clock (fc/23)

LD (TC4CR), 057H ; Sets the TFF4 to “0” and sets the 16-bit
PPG mode(upper)

LD (TCACR), O5FH ; Starts timer/counter

Note 1: In-the programmable pulse generate (PPG) mode, do not change the setting of

timet/ registers (PWREGI, TTREGi) while timer/counter is operating. Since
PWREGI, TTREGi are configured as one-stage register, a newly set value is
immediatély 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 TCICR<TTFi> after timer/counter has been stopped. Do not execute
halt of timer/counter and modification of TFFj simultaneously.

Example: Fixes PPGj output at high level after timer/counter is stopped

CLR (TCjCR).3; Stops timer/counter
CLR (TCjCR).7; Sets PPGj output to high level output

Note 3: j=4,6 i=3t06
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(9) 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.

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 TFTREGmM;n are ignored and an
interrupt is generated by matching the upper 5 bits.

Note 3: i=3,4,6 m=4andn=3,orm=6andn=5

a. Warming-up counter mode for low-frequency
(NORMAL1 - NORMAL2 — SLOW2 — SEOW1)

In this mode, it can obtain the warming-up period tilk 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 TCmCRLTCmS>, the contents of
TTREGmM, n are compared with the-contents of up-counter, JIf a match is found, an
INTTCm interrupt is generated;.and the counter’iscleared 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 2.8.8 Warming-up/period for low-frequency. oscillation (at fs = 32.768 kHz)

Min(at TTREGm, /= 0100H)

Max @ FTREGM, n = FFO0H)

781 ms

1.99s

Example: Switchingto theSLOW1 mode after low-frequency clock has stabilized
by using TC4, 3.

SET
LD

LD
LD
DI
SET
El
SET

PINTTC4: CLR
SET
CLR
RETI

VINTTC4: DW

(SYSCR2).6
(TC3CR);43H

(TC4CR),05H

(TTREG3),8000H ;

(EIRH).3
(TC4CR).3

(TCACR).3
(SYSCR2).5

(SYSCR2).7

PINTTC4

: SYSCR2<XTEN> « “1”
;. TFF3 =*0", fs for source clock, sets 16-bit

mode

; TFF4 = “0”, sets warming-up counter

mode

sets warming-up time

(depend on oscillator characteristics)
IMF « “0”

Enables INTTC4

IMF « “1”

Starts TC4, 3

Stops TC4, 3

SYSCR2<SYSCK> « “1”

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

SYSCR2<XEN> « “0”

(Turns off low-frequency oscillation)

INTTC4 vector table

86FM29-89

2004-03-01



TOSHIBA

TMP86FM29

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
TTREGmM,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 2.8.9 Warming-up period for high-frequency (atfc = 16 MHz)

Min (at TTREGm, n = 0100H) Max (at TTREGm, n,= FFOOH)
16 us 4.08 ms

Example: 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” /fefor source clock, sets 16-bit
mode

LD (TE€4CR),05H / TFF4A = “0", sets warming-up counter
mode

LD | (TTREGS3),0F800H ; Sets.warming-up time
(depend on oscillator characteristics)

DI i IMF « “0”
SET—(EIRH).3 » Enables INTTC4
El i IMF « %17
SET (TC4CR)3 ; Starts TC4, 3
RINTTC4: CLR (TC4€R).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 TMP86FM29 has 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 4

UART control register 1 Transmit data buffer Reéceive’data buffer

| UARTCR1 | TDBUF RDBUF

[
ey
1 . . [} [}
372 N ; Shift register Lo |

2 - .
:} M Parity bit |
Transmit Rebeive € Stop bit
control [ ; ;
circuit | | Shift register l control
B circuit
INTTXD < Noise rejection [ RxD
cireuit X
A
A A A
INTRXD 1 <0
Y
Transmit/receive c¢lock M A< fc/2®
T 7
! MPX ! P B fc/28
S ! X c<fc/2
fc/13 )HA ! S
fc/26 )HB l 2 4 ¥,
fc/52 >HC M ! y \
fC/lO4>_:_ DP Y_)I Counter ' UARTSR I I UARTCR2 I
fc/208)HE X !
fc/416>-:- F ! UART/status register UART control register 2
INTTC5>HG ! @
fc/96 D-HH .
L. _Baudyai generator 4 Note: MPX = Multiplexer

Figure 2.9.1 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
UARTCR1 7 6 5 4 3 2 1 0
©0251) | T | Rxe | sTBT [EVEN] PE | BRG | (nitial valug:-0000 0000)

000: fc/13 [Hz]

001: fc/26

010: fc/52

011: fc/104

100: fc/208

101: fc/416

110: TC5 (INTTC5)

111: fc/96

: No parity Write

: Parity only

: Odd-numpered, parity

: Even-numberéed/parity

: 1( bit

: 2-bits

‘\Disable

: Enable

+Disable

: Enable

Note 1: When operations are disabled bysetting TXE and RXE bit to “0”; the setting becomes valid when data transmit
or receive complete. When the transmit data is stored.in‘the transmit|data buffer, the data are 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: UARTCR1<RXE> and UARTCR1<TXE> should-be set\to “0” before UARTCR1<BRG> is changed

BRG Transmit clock select

PE Parity addition

EVEN Even-numbered parity

STBT Transmit stop bit length

RXE Receive operation

QI /O = O | O |k O

TXE Transfer operation

=

UARTCR2 __J7_____ 6, 22\ L 4) ). 3.2 1 0
©o026) L VN ~ T | Rxpic{\ [stoper] (nitial value: **** *000)
STOPBR [ Receive stop bit leagth 4 1bt
pbItIeRg 122 bits
00: No noise rejection (hysteresis input) Write
RADNC 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/fc [s] as noise

Note: When UARTCR2<RXBNC= = “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 2.9.2 UART control register
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UARTSR 7 6 5 4 3 21 0 _
(00251) | PERR | FERR |OERR | RBFL [ TEND [ TBEP | | !(initial value: 0000 11*)
. 0: Transmit data buffer full
TBEP Transmit data buffer empty flag .
1: Transmit data buffer empty
. 0: Transmitting
TEND Transmit end flag .
1: Transmit end
0: Receive data buffer empt
RBFL Receive data buffer full flag . Pty
1: Receive data buffer full Read
0: No overrun error
OERR Overrun error flag only
1: Overrun error
. 0: No framing error
FERR Framing error flag .
1: Framing error
. 0: No parity error
PERR Parity error flag )
1: Parity error

UART receive data buffer

Note: When an INTTXD is generated TBEP is set to “1” automatically.

7 6 5 4 3 2 1 0
RDBUF Read only
(OF9By) , , , , , , ) (Initial value: 0600-0000)
UART transmit data buffer
7 6 5 4 3 2 1 0 .
TDBUF Write only
(OF9BR) , , , , \ ; , (Initial ¥alué; 0000 0000)

Figure 2.9.3 UART status-register and data buffenregisters
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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
UARTCRI1<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 2.9.1 Transfer data format

Frame length
PESTBT|1|2|3| ------ |8|9|10|1l|12|
0 0 _\ Start /< Bit 0 X Bit 1 X:------:X Bit 6 X Bit\7 >/Stopl
0 1 _\ Start /< Bit 0 X Bit 1 X:------:X Bit 6 X Bit 7 >/Stopl Stop 2
1 0 _\ Start /< Bit 0 X Bit 1 ><:------:>< Bit 6 X Bit 7 X Parity >/St0pl
1 1 _\ Start /< Bit 0 X Bit 1 X:------:X Bit 6 X Bit 7 X Parity >/Stopl Stop 2
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

e

AN

With parity/1 STQOP bit

Without parity/2 STOP bit

AN

P

With parity/2 STOP bit

86FM29-94

2004-03-01



TOSHIBA TMP86FM29

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 2.9.2 Transfer rate
BRG Source Clock
16 MHz 8 MHz 4 MHz

000 76800 [baud] 38400 [baud] 19200 [baud]
001 38400 19200 9600

010 19200 9600 4800

011 9600 4800 2400

100 4800 2400 1200

101 2400 1200 500

When TC5 is used as the UART transfer rate (when/JUARTCR1<BRG>=-'110"), the
transfer clock and transfer rate are determined-as_follows:

TC5 source clock
TTREGS set yvalue

Transfer clock =

Transfer clock
16

Transfer rate =

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 RxXD pin input. RT clockstarts detecting “L” level of the RxD
pin. Once a start bit(is detected, the start hit, data bits, stop bit(s), and parity bit are
sampled at three times.0f RT7, RT8, and RT9-during one receiver clock interval (RT clock).
(RTO is the position Avhere the bit sdpposedly starts). Bit is determined according to
majority rale (the dataare the same twice or more out of three samplings).

RD pin \ Start bit A Bito

RTO 1 2 3 45 678 9101112131415 0 1 2 3 4 5 6 7 8 91011

RT clock

Internal receive data \ l‘ l‘ l‘ /< Bit O i i lV

Start bit

a) Without noise rejection circuit

RxD pin | \ Stayt bit /< Bit 0 ><

RTO 1 2 3 45 6 7 8 9101112131415 01 2 3 4 5 6 7 8 91011

RT clock

Internal receive data \ ‘L ‘L ‘L /< Bit 0 l l l

Start bit

b) With noise rejection circuit

Figure 2.9.4 Data sampling
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2.9.6 STOP Bit Length

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

2.9.7 Parity

Set parity/no parity by UARTCR1<PE>; set parity type (odd-or even-numbered) by
UARTCRI1<EVEN>.

2.9.8 Transmit/Receive

1)

(2)

Data transmit

Set UARTCR1<TXE> to “1”. Read UARTSR to check UJARTSR<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 onebit 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 t0-WARTCR1<TXE> to
when send data are written to TDBUF,/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 do€g not start.

Data receive

Set UARTCR1<RXE> to ‘1. When data are_recéived via the RxD pin, the receive
data are transferredto 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 bufferfulhflag UARTSR<RBFL> is set and an INTRXD
interrupt is ‘generated. Select /the datatransfer baud rate using bits 0 to 2 in
UARTCRL1.

If~an/gverrun error (OERR)._oecurs 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 recejve 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 erroroccurs, be sure to perform a re-receive operation.
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2.9.9 Status Flag/Interrupt Signal

(1) 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 >/ Stop

Shift register

A
XXXXO** PXXXX0* X Lpxxxx0
i
|

Reading UARTSR then

| RDBUF clears PERR.
I

INTRXD | |

Figure 2.9.5 Generation of patity error

UARTSR<PERR>

(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> s cleared to “0” when the
RDBUF is read after reading the JARTSR.

RxD pm X Final bit x Stop
y N
Shift register XXXO* X XXxX0* X 1xxxx0
|
|
UARTSR<FERR i Reading UARTSR then
< >,
! RDBUF clears FERR.
|
INTRXD |_|

Figure 2.9.6 Generation of framing error
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(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
A A
Shift register XXX0** X XXXX0* X 1xxxx0
i
-2
RDBUF wy
|
i
UARTSR<OERR> ' Reading UARTSR then
! RDBUF clears OERR.
[}
INTRXD |_|
Figure 2.9.7 Generation ef 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 >/ Stop

Shift register

RDBUF

UARTSR<RBFL>

INTRXD

A A

XXXOF* X XXXX0* X 1xxxx0

WYY X XXXX

Reading UARTSR then

RDBUF clears RBFL.

1

Figure-2:9.8 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.

l Data write lData write

TDBUF

XXXX X yyyy T ><zzzz

Shift register

A
FRExK] X 1xxxx0

INTTXD

[}

I

i\y Start

|

|
UARTSR<TBEP>4V—\ o

[}
[}
1
X *1XXXX >< - >< xHFx TX X REFEK Y X 1yyyy0><
{ ! /
\ Start ,<

: After reading UARTSR,

writing TDBUF clears
I_I - |_| TBEP,

Figure 2.9.9 Generation of transmit buffer empty

(6) Transmit end flag

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

Transmit clock

T eI ne 1

Shift register

*kk ] Yy X *okkk ]y X Sk k ok | X 1lyyyyO X *1yyyy

= i ‘

TxD pin

X y Stop i\ Start §/< BitO

Datawriting to TDBUF l

UARTSR<TBEP>

UARTSR<TEND>

s

INTTXD

Figure 2.9.20 Generation of transmit buffer empty
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2.10 Serial Interface (SIO)

The TMP86FM29 has one clocked-synchronous 8-bit serial interface. Serial interface has an
8-byte transmit and receive data buffer that can automatically and continuously transfer up to

64 bits of data.

The serial interface is connected to external devices via pins P16 (SO), P15 (Sl), P17 (SCK).
The serial interface pins are also used as port P1. When these pins.are used as serial interface
pins, the correspondence output latch should be set to “1”. In the transmit mode, pin P15 can be
used as normal 1/0 port, and in the receive mode, the pin P16 can be used as’normal 1/O ports.

2.10.1 Configuration

SIOSR  SIOCR1

SIO control/status registers

CPU

SIOCR2

A A

Transmit-and receive
data buffer
(8 bytes in DBR)

Control circuit

€

Buffer control|
circuit

v
INTSIO interrupt
request

A

Shift
clock

Shift register

765 4 3—2-1~0

‘4){ 8-bit transfer 2A-bittransfer

Serial clock

t]SI

>¢| SCK pin

SO
Serial data output

Serial data input

Serial clock 1/0

2.10.2 Control

Figure, 2.10.1 Serial interfaces

Theserial interface is controlled by SI10 control registers (SIOCR1/SIOCR2). The serial
intevface status can be determined by reading SI10 status register (SIOSR).

The transmit and receive data buffer is controlled by the SIOCR2<BUF>. The data buffer
is.assighed to address 0F90H to OF97H 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 transferyed, a buffer empty (in the transmit mode) or a buffer full (in the receive

mode or transmit/receive mode) interrupt (INTSIO) is generated.

When the internalclock 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 SIOCR2<WAIT>.
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SIO Control Register 1
SIOCR1 7 6 5 4 3 2 1 0
(OF98y) | slos | sioiNH | SIOM SCK | (nitial value: 0000 0000)

: Transfer stop

SIOS Transfer start/stop control
: Transfer start

: Continue transfer

: Abort transfer (automatically cleared.to “0” 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

P Ok O

SIOINH | Continue/Abort transfer

SIOM Transfer mode select

Except the above : Reserved Write
SLOW1/2,
NORMAL1/2, IDLE1/2 Mdde SLEEP1/2 only
DV7CK =0 DV7EK =1 Mede
000 fc/2"™ fs/2® fs/2°
001 fc/2® fc/2®
fej2? fc/2’ N
SCK Serial clock select 010 [ p ¢ s
011 fc/2 fcl2
100 fc/2° fc/2® -
101 fo/2* fc/2* ~
110 Reserved -
111 External clock (input-from /SCK pin)

Note 1: fc; High-frequency clock [Hz] fs; Low-frequency ctlock [Hz]
Note 2: Set SIOS to “0” and SIOINH to “1” when setting the transfer mode or\sefial clock.
Note 3: SIOCRL1 is write-only register, whieh cannot-access any,of in-read-modify-write instruction such as bit operate,

etc.
SIO Status Register
SIOSR 7 6 __§__1__f1__1__§__‘___g__r__1___'___0___|
(OF99) SIOF SEF | M N\ r PN r ' (Initial value: 00** ****)
SIOF Serial transfer-operating status 0: Transferterminated
monitor 1: Transfer-in pyocess Read
0: Shift’operation terminated only

SEF Shift operating status monitor

1: Shift operation in process
Note 1: The SIQTSR<SIOF> bit is cleared to 0" by clearing SIO1CR1<SIOS> to stop transferring or by setting
SIO1CR1<SI|OINH> to “1” to_abort transfer.

Figure 2.10.2 SIO controlregister and status register (1/2)
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SIOCR2
(OF99)

SIO Control Register 2

7 6 5 4 3 2 1 0
L T T WAIT _BUF__ | (nitial value: **+0 0000)
Always sets “00” except 8-bit transmit/receive mode.
00: Tf=Tp (non-wait)
WAIT Wait control 01: Tf=2Tp
10: Tf=4Tp :| (wait)
11: Ts=8Tp
Buffer address used
000: 1 word transfer 0E90y Write
001: 2 words transfer OF90>to-_ OF91y4 only
010: 3 words transfer O0F90 to ™\ 0F92y
BUF Number of transfer words 011: 4 words transfer 0F90. te—/0F93y
100: 5 words transfer /OF90~.t0 0F94y
101: 6 words transfer 'OF90 t0 OF95H
110: 7 words transfer, OF90 to O0F96y
111: 8 words transfer \OF90 to QF97H

Note :1 Tf; Frame time, Tp; Data transfer time

sson HUULUUUUY

Note 2: The lower 4 bits of each buffer ar¢ used during 4-bit transfers..Zeres(Q)-are stored to the upper 4bits when

(C

))

€ Tp

5,
>

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 firstbuffer address transmitted is O0F90y.

Tt

2 4

Note 4: The value to be loaded to BUF is_held/after transfer is completed.
Note 5: SIOCR2 must be set when-the.serial interface is stopped (SIOF = 0).

Note 6: SIOCR2 is write-only register, which cannot access any of in read-modify-write instruction such as bit operate,
etc.

Note 7: *; Don't care

LI L

Figure2:10.3 SIO cantrol register) and status register (2/2)
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(1) Serial clock
a. Clock Source
SIOCR1<SCK> is able to select the following:

1. Internal clock

Any of four frequencies can be selected. The &erial clock is output to the
outside on the SCK pin. The SCK pin goes high when transfer starts.

When data writing (in the transmit mode) or reading\(in the receive mode
or the transmit/receive mode) cannot keep up with theserial 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 2.10.1 Serial clock rate

NORMAL1/2, IDLE1/2 Modes sLow, SLEEP Mades
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/23 1024 bps
001 fc/2® 61.04 Kbps fc/2® 61.04-Kbps > -
010 fc/2” 122.07 Kbps fc/2’ 122,07 Kbps - -
011 fc/2® 244.14 Kbps fc/2® 244.14 Kbps < -
100 fc/2® 488.28 Kbps fc/2® 488.28 Kbps - -
101 fc/2* 976.56 Kbps fc/2* 976.56 Kbps — -
110 - - L - - -
111 External External External

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

Automatically wait
function

e 31
>

SCK pin output |||||||| ||||||||||||
SO pin output (2o X 21 X 27) a3 (o X b1 X b2 X b3 X co X C1

Written transmit
a b c
data to the DBR >< X X

Figure 2.10.4 Wait function (example: 4-bit serial transfer)

2. External‘clock

An externahclock connected to the SCK pin is used as the serial clock. In
this_case, the P17 (SCK) output latch must be set to "1". To ensure shifting,
both the-high and low levels of the serial clock pulse width must be at least 4
machine, cycles. This pulse is needed for the shift operation to execute
certainly. Therefore, the maximum available transfer rate is 488.3 Kbits/s
when the operation frequency is fc=16MHz.

SCK1 pin input | | | | | | | |

tScKL tSCKH
Note: tcyc = 4/fc (In NORAML1/2, IDLE1/2 modes)

tscKL, tsckH > 4 teyc 4/ts (In SLOW1/2, SLEEP1/2 modes)
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b. Shift edge
The leading edge is used to transmit, and the trailing edge is used to receive.

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

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

SCK pin llllllll

|
SO pin N Bito X Bit1 X Bit2 X Bijt3
|

[}
Shift register X 3210 X *321 X **32 X **+3

(a) Leading Edge

SCK pin |f|f|f|f

|
Sl pin N\ Bito X Birt (X Bit2-X Bit3
|
Shift register weene M oes X100 X 210¢ X 3210 flote: 7 Dont care

(b) Trailing Edge

Figure 2.10.5 Shift edge
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(2)

3)

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).

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 SIOCR2<BUF>.

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

SCK pin | I | I | I | I
SO pin N\ 20 X a1 X a2 X as
INTSIO interrupt ”
(a)—1 Word Transmit
S0 pin
INTSIO interrupt ”
(b) 3 Werds-Transmit
Sl pin
INTSIO interrupt ”
(c) 3 Words Receive

Figure 2.10.8 Numbef of bits to transfer (example: 4-bit serial transfer)
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2.10.3 Transfer Mode

SIOCR1<SIOM> is used to select the transmit, receive, or transmit/receive mode.

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

In these modes, the SIOCRL1 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 SIOCR1<SIQS> to “1”. The data are
then output sequentially to the SO pin in synchronous with\the serial clock, starting
with the least significant bit (LSB). As soon as the LSB has been-output, the data are
transferred from the data buffer register to the ghift register. When the final data bit
has been transferred and the data buffer register is.empty, an INTSIO (buffer empty)
interrupt is generated to request the next transmitted data.

When the internal clock is used, the serial clock will-stop and an automatic-wait will
be initiated if the next transmitted data are not loaded to the data buffer register by
the time the number of data words specified. with the SIOCR2<BUF> has been
transmitted. Writing even one word of /data’ cancels the autematicwait; 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; therefare, during SIO /de> 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 gefieration 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 SIOCR1<SIOS> to “0” or setting
SIOCRI<SIOINH> /to “1” in buffer empty interrupt service program. That the
tranismission _hasended can be determined from the status of SIOSR<SIOF> because
SIOSR<SIOF>1is cleared to“0%when a’'transfer is completed.

When~SIOCR1<SIOINH>—is> set, the transmission is immediately ended and
SIOSR<SIOF> is cleared-to-£0".

When an external clock is~used, it is also necessary to clear SIOCR1<SIOS> to “0”
before/shifting the next data; otherwise, dummy data will be transmitted and the
operation will end.

If it is necessary te change the number of words, SIOCR1<SI10S> should be cleared
to “0”, then SIOCR2<BUF> must be rewritten after confirming that SIOSR<SIOF>
has beencleared-to0”.
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Clear SIOS

X

SIOCR1<SIOS>

SIOSR<SIOF> I
SIOSR<SEF> I | |

/

SCK pin (output) ||||||||||||||||||||||||||||||||

|
SO pin (20 X a1 X @2 ) a3 X 2 X as K a6 f a7 X bo X b1 } B2.X bs'\B4'X bs X be X b7 /

INTSIO interrupt ” ~N ”
v
DER S
O
Write Write (a) Internal Clock
(@ (b

Clear SIGS

A

SIOCR1<SIOS>

SIOSR<SIOF>

=N

[}
[}

[}
SIOSR<SEF> | | !

|
|
|
| |
| |
SO pin (30 a1 {32 N2z X aa X a5 X 3 ) a7 A HoX b1 X b2 X b3 X ba X bs X be K b7/

-

INTSIO interrupt ” ~ ”
\
DBR XX b
o
Write Wite (b) External Clock
@ ()

Figure 2.10.7 Transfer made (example: 8-bit, 1 word transfer)

SIOSR<SIOF>

SO pin Bite X Bit 7

i
>
| |

tsopH =Min 3.5/fc [s] (In NORMAL1/2, IDLE1/2 modes)

Min 3.5/fs [s] (In SLOW1/2, SLEEP1/2 modes)

Figure 2.10.8 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 SIOCR1<SIOS> to “1” to
enable receiving. The data are then transferred to the shift register via the Sl pin in
synchronous with the serial clock. When one word of data has been received, it is
transferred from the shift register to the data buffer register (DBR). When the number
of words specified with the SIOCR2<BUF> has been received, an INTSIO (buffer full)
interrupt is generated to request that these data be read out. The data are then read
from the data buffer registers by the interrupt service program.

When the internal clock is used, and the previous data are-not read from the data
buffer register before the next data are received, the serjal clock will stop and an
automatic-wait will be initiated until the data areread."X 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 synchropized with the external
clock; therefore, the previous data are read pefore the next data ave 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 clockis used, the maximum ‘transfer speed is determined
by the delay between the time when_ the interrupt request isgenerated and when the
data received have been read.

The receiving is ended by clearing SIOCR1<SIOS> to “0” or setting
SIOCR1<SIOINH> to “I*\in Buffer Aull interrupt service program.  When
SIOCRI1<SIOS> is clgared,the’ current data _are transferred to the buffer. After
SIOCR1<SIOS >cleared;.the/receiving is ended at the time that the final bit of the data
has been received/ Fhat the receiving has ended can be determined from the status of
SIOSR<SIOF>. SIOSR<SIOF> is cleared. to “0” when the receiving is ended. After
confirmed the—receiving termination,\the final receiving data is read. When
SIOCRI1<SIOINH> is set, the receiving is,immediately ended and SIOSR<SIOF> is
cleared to, “0”.(The received data/is’ignored, and it is not required to be read out.)

If <t is’ necessary to change\the number of words in external clock operation,
SIOCR1<SIOS> should be cleared to “0” then SIOCR2<BUF> must be rewritten after
confirming-that SIOSR<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,
SIOCR2<BUF> must|be rewritten before the received data is read out.

Note: The buffercontents are lost when the transfer mode is switched. If it should become
necessary to switch the transfer mode, end receiving by clearing SIOCR1<SIOS>
to¥0”read thelast data and then switch the transfer mode.
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SIOCR1<SIOS>

SIOSR<SIOF>

SIOSR<SEF>

Sl pin input

INTSIO interrupt

SBIDBR

|[¢——— Clear SIOS

/ |

Read-out Read out

Figure 2.10.9 Receive mode (example: 8-bit,"1 word, internal clock)

(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).SAfter that, enable
transceiving by setting <SIOS> to(“1">~When transmitting; the data are output from
the SO pin at leading edges of theserial clock. When-receiving, the data are input to
the Sl pin at the trailing edges of-the Serial clock. 84bit/data are transferred from the
shift register to the data buffer register. AnANTSIO. 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, alwayswrite 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 waitis-also canceld by writing\to a DBR not being used as a transmit data buffer
registers; therefore, during-StO-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 land the received data are read and the data to be transmitted
next are written.

The transmit/veceive operation is ended by clearing SIOCR1<SIOS> to “0” or setting
SIOSR<SIOINK=> to 71” in interrupt service program.

When SIOCRI<SIOINH> is set, the transmit/receive operation is immediately
ended and SIOSR<SIOF> is cleared to “0”.

If it is necessary to change the number of words in external clock operation,
SIOCR1<SIOS> should be cleared to “0”, then SIOCR2<BUF> must be rewritten after
confirming that SIOSR<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,
SIOCR2<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 SIOCR1<SIOS>
to “0”, read the last data and then switch the transfer mode.
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j———— ClearSI0S ——»]
SIOCR1<SIOS> /v,_ |

SIOSR<SIOF> I

SIOSR<SEF> I l_\l ﬁ

SCK pin (output)

SO pin

Sl pin

INTSIO interrupt

DBR X a X ¢ X'b Y d
r =
Write (a) Read out (c) (Writeqb) Read out (d)

Figure 2.10.10 Transmit/Receive mode (example: 8-bit, 1word;internal clock)

SCK pin |

SIOSR<SIOF>

I
|

1 SODH R
[} [}
[} [}

tsopf =Minx4ffc [s] (In NORMAL1/2, IDLE1/2 modes)
Min /s [s] (In SLOW1/2, SLEEP1/2 modes)

Figure2.10.11 Transmitted data’hojd/time at end of transmit/receive
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2.11 10-bit AD Converter (ADC)

The TMP86FM29 have a 10-bit successive approximation type AD converter.

2.11.1 Configuration

The circuit configuration of the 10-bit AD converter is shown in Figure 2.11.1.
It consists of control registers ADCCR1 and ADCCRZ2, registers. ADCDR1 and ADCDR?2,
a DA converter, a sample-and-hold circuit, a comparator, and(a successive comparison

circuit.
DA converter
jm———
1
VAREF[] : L A s —~mw——1— 11 vss
AVDDD—‘ LT R/2 R R/2
177 A
-_-Sample hold __ Reference
Analog input multiplexer I circuit | voltage
1 1
AINO E g Y | i :
AIN1 | |
! & - 10
g S Analog
comparator
AING I:I—<H3
AIN7 D s le 4 Slh'fkt Successive appfoximate circuit
| SAIN Clock —>]
EN [«
AINDS Control-Circuit >
K - INTADC
2 IREFON_ [FACK 8 5 EOCE| ADBE
ADRS| MAMD
A
ADCER1 ADCCR2 ADCDR1 ADCDR2
AD converter control registerl, 2 AD conversion result register

Figure 2.11.1 AD converter (ADC)
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2.11.2 Register Configuration

The AD converter consists of the following four registers:

(1)

(2)

(3)

(4)

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

AD converter control register 1 (ADCCR1)

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

AD converter control register 2 (ADCCRZ2)

This register selects the AD conversion time and-centrols the connection of the DA

converter (ladder resistor network).

AD converted value register (ADCDR1)
This register is used to store the digital value (Bit9to bit2) after-being-converted by
the AD converter.

AD converted value register (ADCDR2)

This register is used to store the digitalvalue (Bitl and bitQ)-after heing converted by
the AD converter, and then this register is also used to maonitor the operating status of
the AD converter.

The AD converter control register_configurations-are,shown in Figure 2.11.2 and
Figure 2.11.3.
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AD Converter Control Register 1
ADCCRL 7 6 5 4 3 2 1 0
(000Ey) | ADRs | AMD | AINDs | SAIN | (nitial value: 0001 0000)

0: —
1. Start
00: AD operation disable
01: Software start mode
10: Reserved
11: Repeat mode
0: Analog input enable
1: Analog input disable
0000: Selects AINO R/W
0001: Selects AIN1
0010: Selects AIN2
0011: Selects AIN3
SAIN Analog input channel select 0100: Selects AIN4
0101: Selects AINS
0110: Selects AING
0111: Selects/AIN7
1***: Reserved

Note 1: Select analog input when AD converter stops (ADEDR2<ADBF> = “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 precisighfer 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 not set ADRS newly again during AD/conversion. Before setting ADRS hewly again, check ADCDR<EOCF>
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 these.modes.

ADRS AD conversion start

AMD AD Operating mode

AINDS | Analog input control

AD Converter Control Register 2
ADCCR2 7 6 5 4 3 2 1 0

(000FH) 1 ; IREFON| \ '17 | . ACK / “0"_ 1 (Initial value: **00 0000)

. Inputting-currentto the ladder resistor
DA converter (ladder resistor) P 9

IREFON . 0:-Connected only during AD conversion
connection control
1/ /Always connected
ACK Conyersmn fc = fc = fc = fc =
time 16 MHz| 8 MHz | 4 MHz | 2 MHz

000 39/fc - - - 19.5 us
001 Reserved R/W

L 010 78lfc - - 19.5us | 39.0 us

ACK AD conversion time select

011 156/fc - 19.5 us | 39.0 pus | 156.0 ps
100 312/fc 19.5 ps [ 39.0 ps |156.0 ps -
101 624/fc 39.0 us | 78.0 us - -
110 1248l/fc 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 (Varer) as follows.
VAREF = 4.5t0 5.5V (15.6 p or more)
VAREF = 2.7 t0 5.5 V (31.2 p or more)
VaARer = 1.81t0 5.5V (124.8 p or more)
Note 3: Always set bit 0 in ADCCR2 to “0” and set bit 4 in ADCCR2to “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 (ADCCR?2) is all initialized.
Therefore, set the ADCCR2 newly again after exiting these modes.

Figure 2.11.2 AD converter control register
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AD Conversion Result Register

ADCDR1 7 6 5 4 3 2 1 0

©0204) | Apoo | Apos | ADo7 | Apos | Apos | Apoa | Apos | Apo2 | (nitial value: 0000 0000)
ADCDR2 7 6 5 4 3. 2 1. ___0__

(0021) | ADO1 | AD0O | EOCF | ADBE | o v b ' (Initial value: 0000 ****)

0: Before or during conversion
1. Conversion completed Read
0: During stop of AD conversion only
1: During AD conversion

Note 1: The EOCF is cleared to “0” when reading the ADCDRL1.
Therefore, the AD conversion result should be read to ADCDR2 more first than/ADCDR1.

Note 2: ADBF is set to “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 bit 3 to 0.are-unstable.

EOCF [ AD conversion end flag

ADBF | AD conversion busy flag

Figure 2.11.3 AD converter resultregister

2.11.3 AD Converter Operation

(1) Set up the AD converter control register 1:(ADCCR1) as follows:
e Choose the channel to AD cofivert using AD input channél)select (SAIN).
e Specify analog input enable-for analog input control (AINDS).

e Specify AMD for the AD-canverter control operation/ mode (software or repeat
mode).

(2) Set up the AD converter control register 2 (ADECR2) as follows:

e Set the AD conversiontime using AD-conversion time (ACK). For details on how to
set the conversion time, refer to Note2for AD converter control register 2.

e Choose IREF®N for DA converter control.

(3) After/setting up—(%) and (2) above; set\AD conversion start (ADRS) of AD converter
control register-7 (ADCCR1) to_ “17.

(4) After an elapse of the specified AD conversion time, the AD converted value is stored in
AD conversion result register_ 1, (ADCDR1), AD conversion result register (ADCDR2)
and>then the AD conversion end flag (EOCF) of AD conversion result register 2
(ADCDR?2) 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

There are following two AD converter operation modes:

e Software start: AD conversion is performed once by setting AMD to “01B” and
ADRS to “1".

e Repeat mode: AD conversion is performed repeatedly by setting AMD to “11B”
and ADRS to “1”.

(1) Software start mode

After setting ADCCR1<AMD> to “01” (Software start'mode), set ADCCR1<ADRS>
to “1”. AD conversion of the voltage at the-analag /input pin specified by
ADCCR1<SAIN> is thereby started.

After completion of the AD conversion, the conversion result is stored in AD
conversion result registers (ADCDR1, ADCDR2)" and at ,the_ same time
ADCDR2<EOCF> is set to “1”, the AD conversion.finished interrupt(INTADC) is
generated.

ADCCR1<ADRS> is automatically cleared to\"0” after AD conversion has started. Do
not set ADCCR1<ADRS> newly again-(Restart) during AD eonversion, Before setting
ADCCR1<ADRS> newly again, check ADCDR2<EOCF> to_see that the conversion is
completed or wait until the intefrupt_signal (INTADC) (is.generated (e.g., interrupt

handling routine).

AD conversion

ADCCR1<ADRS> start

AD conversion
start

ADCDR2<ADBF>

\

ADCDR1, ADCDR2 Indeterminaté X First conversion result X

Second conversion result

ADCDR2<EOCF> I I

INTADC request |_|

A

Conversion

résult réad |_|

Conversion
result read

Reading ADCDR

g

Reading ADCDR2

1

1

Figure 2.11.4 Operation in software start mode
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Example: After selecting the conversion time of 19.5 us at 16 MHz and the analog input channel AIN3 pin,
perform AD conversion once. After checking EOCF, read the converted value, store the lower 2
bits in address 009EH and store the upper 8 bits in address 009FH on RAM. The operation
mode is software start mode.

; AIN SELECT

LD (P6CR1), 00000000B ; PBCR1bit3=0

LD (P6CR2), 00000000B ; P6CR2bit3=0

LD (ADCCR1), 00100011B . Select AIN3

LD (ADCCRZ2), 11011000B ; Select conversion time (312/fc) and

operation-mode
; AD CONVERT START

SET (ADCCR1). 7 . ADRS=1
SLOOP: TEST (ADCDR2). 5 > EQCF =17

JRS T, SLOOP

: RESULT DATA READ

LD A, (ADCDR2)

LD (9EH), A

LD A, (ADCDR1)

LD (9FH), A

Repeat mode

AD conversion of the voltage at.the analog input pin spécified\by ADCCR1<SAIN> is
performed repeatedly. In this~mode, AD conversionis started by setting
ADCCR1<ADRS> to “1” after(setting ADCCR1<AMD> tg #11”.

After completion of the AD“conversion,-the-conversion result is stored in AD
conversion result registers. (ADCDRY,/ ADCDR2) and at the same time
ADCDR2<EOCF> is sét-t0~“1%ythe AD tconversion finished interrupt (INTADC) is
generated.

In repeat mode, each time-one AD conversion is completed, the next AD conversion is
started. To stop AD conversion, set ADCCR1<AMD> to “00B” (Disable mode). The AD
convert operation ‘is_stopped immediately." The converted value at this time is not
stored in the/AD conversion result register:

ADCCR1<AMD > X w117 X “00"

ADCCR1<ADRS >

\AD conversion finished

Convert

|_| AD conversion start
1

: /AD convert operation suspended.
:/ First conversion XSecond conversim)( Third conversion X \ Conversion result is not stored.

operation

ADCDR1,
ADCDR2

Indeterminate )@irst conversion re5u|XSecond conversion result Third conversion result

ADCDR2<EO€F>

INTADC request

5 S R S R S
[ [1 [1

Reading ADCDR1

Conversion Conversion Conversion
result read result read result read

Reading ADCDR2

1 1 1

Figure 2.11.5 Operation in repeat mode
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2.11.5 STOP and SLOW Modes during AD Conversion

When the STOP or SLOW mode is entered forcibly during AD conversion, the AD convert
operation is suspended and the AD converter is initialized (ADCCR1 and ADCCR?2 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 STOP or SLOW mode.) When released from‘STOP or SLOW mode, AD
conversion is not automatically restarted. Therefore, when the AD converter is used again,
it is necessary to restart AD conversion (Set ADCCR1<ADRS> to “1”), Note that since the
analog reference voltage is automatically disconnected, there-is na _possibility of current
flowing into the analog reference voltage.

2.11.6 Analog Input Voltage and AD Conversion Result

The analog input voltage is corresponded to the 10-bit digital value converted by the AD
as shown in Figure 2.11.6.

A

3FFH T ——

3FEH T

3FDy T

)
((C

AD conversion result

0034 T ~

0024 T 4

001y T ~

ol | | | ) I | | | N VAREF - VASS
T I I C I T T T > X ——
0 1 2 3 ¢ 1021 1022 1023 1024 1024

Analog input voltage

Figure 2.11.6 Analog input voltage and AD conversion result (typ.)
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2.11.7 Precautions about AD Converter

1)

(2)

3)

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 cohversior, do)not execute input/output
instructions for all other ports. This is necessary te_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/eutput to and from adjacent pins.

Noise countermeasure

The internal equivalent circuit of the/angloghinput pins is shown in-Figure 2.11.7.
The higher the output impedance of the _analog input“source, more easily they are
susceptible to noise. Therefore, make surethe output impedance.of the’signal source in
your design is 5 kQ or less. Toshiba alse_ recommends attaching aeapacitor external to
the chip.

S — ' o % R=5k0 () .
Allowable signal Internal capacitance i

5 kQ (max)

Internal resistance Analog comparator

source impedance J; C = 22 pF (typ.)

DA converter

Note: i=0to 7

Figure 2,117 Analog-input equivalent cifcuit and example of input pin processing
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2.12 Key-On Wake-Up (KWU)

In the TMP86FM?29, 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

Stop mode control
INTS €«—

Stop mode —OG_ 0@

release signal
(1: release)

P20 (iNT5 /STOP )

P64 (AIN4/STOP?2)

P65 (AINS/STOPS)

P66 (AING/STOP4)

Looo-—-n

P67 (AINZ/STOPS)

STOPCR ?%??
(OF9AR) |O1O OO -| -
P PP R
5| 41342

Figure 2.12:1 ~Key-on wake 4p circuit

Note: STOP pin doesn’t have the cantrolregister such as STOPCR/ so when STOP mode is relesed by
STOPx (x; 2to 5), STOP pin shauld be used as STOP function.
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2.12.2 Control

P64 to P67 (STOP2 to STOPS5) 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).

STOP mode can be entered by setting up the System Control Registerl (SYSCR1), and
can be exited by detecting the falling edge on STOP2 to 5 pins, which are enabled by
STOPCR, for releasing STOP mode (Note 1). Also, because each level of the STOP2 to 5 can
be confirmed by reading P6DR, check all STOP2 to 5 pins that is enabled by STOPCR
before the STOP mode is started (Note 2).

Note 1: When the STOP mode release by edge mode {SYSCR1LRELM> = “0"), prohibit input
from STOP2 to STOPS5 or must be set “1” level into"STOP2t0 STOPS pins.

Note 2: When the STOP pin input is high or STOP2 to STOPS5 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).

Table 2.12.1 Input Edge (Level) of\Stop Mode Release
SYSCRI1<RELM> =“1" | SYSCRI<RELM>%"“0"

Release edge (Lével)

Terminal name | As both terminal

STOP P20/INT5 “Hjevel (Note2) Rising edge
STOP2 P64/AIN4 ‘L™evel Do, not use key on
STOP3 P65/AINS (Note 2) wake up function
STOP4 P66/AING (Note 1)
STOP5 P67/AIN7

Key-On Wake-Up control register

STOPCR 7 6 5 4 J.3_ 2 /S Do 0 __
(OF9Ay) | sTOPs | sTOP4 | sTopssTor2]” - 1 - S.U=—_) - i (nitial value: 0000 ****)
0: Disable
STOP2 |/Stop mode released by P64 port
1: Enable
STOP3 | Stop.made released by, P65 port 0: Disable
H Y & 1: Enable Write
0: Disable only
STOP4~, | Stop mode released by P66 port
1: Enable
0: Disable
STOP5 "} Stop/mode released by’P67 port
1: Enable

Figure 2.12.2 Key-on wake-up control register
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2.13 LCD Driver

The TMP86FM29 has a driver and control circuit to directly drive the liquid crystal device
(LCD). The pins to be connected to LCD are as follows:

a. Segment output port 8 pins (SEG7 to SEGO0)
b. Segment output or P1, P5, P7 input/output port 24 pins(SEG31 to SEGS8)
c. Common output port 4 pins (COMS3 to COMO0)

In addition, CO, C1, V1, V2, V3 pin are provided for the LCD drivet’s booster circuit.
The devices that can be directly driven is selectable from LCD of the following drive methods:

a. 1/4 Duty (1/3 Bias) LCD Max 128 Segments (8 segments x 16 digits)
b. 1/3 Duty (1/3 Bias) LCD Max 96 Segments{8 segments x 12 digits)
1/2 Duty (1/2 Bias) LCD Max 64 Segments (8 segments x 8 digits)
d. Static LCD Max 32 Segments/(8 segmentsix 4 digits)

(24

2.13.1 Configuration

LCDCR
7 6 5 4 3 2 1 0
[EDSPBRES] VFSEL | purty | \SLF ] BR
fc/2'” fs2° ]
fc/27F, fs/2° display data area
fc/2®
fef2?®
Il\ Y VYN '
Duty i Timing | )
o /28 gontrol | control ! Display data select control
10 2 .
;Cg , fs/2 _ | Blanking Display data buffer register
c control | |
YYVY A A ¢ \
Constant volt;
ggssigr;/ﬁcige —>| Common-driver |—>| Segment driver
Co/CctV1 V2 V3 COMO“\\to COM3 SEGO to SEG7 SEG8 to SEG31

Figure 2.13.1 LDC driver
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2.13.2 Control

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

LCDCR

7 6 5 4 2 1
©o28y) | Epsp | BREs |  wvrseL | bury | SLF | (Initial value: 0000 0000)
NORMAL1/2, IDLE1/2 modes SLOW1/2
DV7CK=0 DV7CK=1 SLEEP1/2 modes
SLF Selection of LCD frame 00 fc/2"” fs/2® fs/2°
frequency [Hz] 01 fc/2'® fs/2t fs/2®
10 fc/2" fe/2'® -
11 fc/2" fcr2™ -
00: 1/4 Duty (1/3 Bias)
. iy 01: 1/3 Duty (1/3 Bias)
DUTY | Selection of d thod
election of driving methods 10: 1/2 Duty (1/2 Bias)
11: Static RIW
NORMAL1/2,/IDLE4/2 modes SLOW4/2
DV7CK=0 DV7CKZ1 SLEER1/2modes
VESEL Selection of boost frequency |00 fer2® fs/2° ts/25
[HZ] 01 fc/2™ fs/2° fs/2°
10 fe/2° fs/2% fs/2?
11 fc/2° fc/2° -
. 0: Bisable(use divider resistance)
BRES Booster circuit control
1\ _Enable
EDSP | LCD Display Control 0: Blanking
|
pay 1. Enables LCD display (Blanking is released)

Note1: When <BRES>(Booster circlit control) is'set to “0”, Vpp 2.V3.2 V2 2 V1 = Vgg should be satisfied.
When <BRES> is set to “1”, §.5[V] 2V/3 =2 Vpp should be satisfied.
If these conditions are not satisfied; it not only affectsthe quality of LCD display but also may damage the device
due to over voltage ofithe port

Note2: -; Do not set the value.

Figure 2.13.2 LCD driver control register
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(1) LCD driving methods

As for LCD driving method, 4 types can be selected by LCDCR<DUTY>. The driving
method is initialized in the initial program according to the LCD used.

VLcDps

-VLcbs

VLcbps

-VLcD3

- V= | | Vicos
- [}
[}
__ ] .
_ Li_r NN
- -Vicbps
l€— Data“1” —>€— Data‘0” —>
(a) 1/4 Duty (1/3 Bias)
l«——>!
_ “lfﬂ_Ll oo
[}
- [}
I ] 0
_ |_|_| LU
— -ViLcD3
€ Data “1” »<€ Data “0” >
(c) 1/2 Duty (1/2 Bias)
Note: fp ; Frame frequency

VL cp3; LCD drive voltage

l—>|
i1/fF
| !J_LI_II_I

oo

i Data ¢4”/¥€ Data‘0’ >

(b)_1/3 Duty (1/3 Bias)

1fF

—— Data “1” ===~ Hata ‘0" —>

(d)~Static

Figure 2.13.3

LCD drive waveform (COM-SEG pins)
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(2) Frame frequency

Frame frequency (fF) is set according to driving method and base frequency as shown
in the following Table 2.13.1. The base frequency is selected by LCDCR<SLF>
according to the frequency fc and fs of the basic clock to be used.

Table 2.13.1 Setting of LCD frame frequency

a. At the single clock mode. At the dual clock mode (DV7CK = 0).

Frame frequency [Hz]
SLF |Base frequency [Hz] .
1/4 Duty 1/3 Duty 112 Dty Static
fc fc 4  fc 4 ~__fc fc
00 27 27 3 2 205,27 27
______ (fe=16MHz) [ 122 | 163 A NoT2A4 | 122
(fc = 8 MHz) 61 81 122 61
fc fc 4 fc 4 fc fc
o 2° >° 3 2 2 2 2"
oo Mfc=8MHz) | 122 [ .. 168 (S : 244 W) 122 ]
(fc = 4 MHz) 61 81 122 61
fc fc 4 fc 4 fc fc
10 2° 2° 3 U2e 25" 2°
o Me=4MHz) | 122 /bR s 163 s 244 | 122 ]
(fc = 2 MHz) 61 81 122 61
11 fc_ fc 4 ¢ 4 fc fc
2" 7 3 5% 2. 2" 2"
(fc = 1 MHz) 122 163 244 122
Note: fc; High-frequency clock [Hz]
b. At the dual clock mode (DV7CK= 1 or SYSCK = 1)
Frame frequency [Hz
SLF |Base frequency[Hz] d y [Hz] .
1/4 Duty 1/3 Duty 1/2 Duty Static
00 s fs 4. fs 4 - B fs
___________ 2 s 22 2 2]
(fs = 32.768 kHz) 64 85 128 64
o1 fo fs 4 . fs 4 . fs fs
2 2° 3 2° 2 2° 2°
(fs =32.768 kHz) 128 171 256 128
Note: fs;Low-frequency/clock [Hz]
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(3) Booster circuit for LCD driver

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

The booster circuit control is selected by LCDCR<BRES>.

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

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

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

The selection of boost frequency is selected by LCDCR<VESEL>.

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

Table 2.13.2 shows the V3 pin current capacity and Boosting Frequency.

_CL VDD

Keep the following V3
condition. 1 C
V2 —i
V32Vpp 5 c
= W
V1=08to1.2V
C=0.1t00.47 puF /I Reference voltage
cY ] (V)
T C
co —

J7— \/SS

Note: When the LCD booster circuit is used in 86FM29, connect the referenece voltage and|capacitor as shown in above figure.
The method of above figure can be also used, in Mask/OTP products (86CM29B/H29B/829B, 86CH21, 86C820/420,
86PM29A/PM29B).

Figure 2.13.4 Example’of a booster circuit (LCDCR<BRES> = “1”)
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—— —— ——
Adjustment of Adjustment of Adjustment of
contrast by contrast by contrast by
VDD 3 VDD 3 VDD 3
V3 V3 V3
sR1 2R1
V2 V2 V2
CO —Open R0 CO —Open CO —Open
C1 —Open T C1 —Open C1 —Open
V1 V1 V1
2R3 3§R2 S R1
L— VSS VSS VS8
T ﬂLI m
1/3 Bias (R1=R2 =R3) 1/2 Bias (R1=R2) Static
Keep the following condition.
Vpp 2V32Vy2Vq2Vgg
Figure 2.13.5 Example of divider resistance (LCDCR<BRES>=.“0")
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Table 2.13.2 V3 pin current capacity and boosting frequency (typ.)

Boostin
VFSEL 0osting fc = 16 MHz fc = 8 MHz fc=4 MHz | fs =32.768 kHz
frequency
00 fc/2"® or fs/2° -37mV/pA —-80 mV / pA -138 mV / pA 76 mV / pA
01 fc/2"" or fs/2° -19 mV / pA —24 mV / pA -37mV/pA —23mV /A
10 fc/2' or fs/2 —17 mV / pA -19 mV / pA —24 mV /pA —18 mV / pA
11 fc/2° —16 mV / A 17 mV / A —19 MV A -

Note 1: The current capacity is the amount of voltage that falls per 1 pA.

Note 2: The boosting frequency should be selected depending on your LCD panel:

Note 3: For the reference pin V1, a current capacity ten times larger-than the above is recommended to
ensure stable operation.
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2.13.3 LCD Display Operation
(1) Display data setting

Display data is stored to the display data area (assigned to address OF80 to OF8FH)
in the DBR. The display data which are stored in the display data area is automatically
read out and sent to the LCD driver by the hardware. The LCD driver generates the
segment signal and common signal according to the display data and driving method.
Therefore, display patterns can be changed by only over writing-the contents of display
data area by the program. Figure 2.13.6 shows the correspondence between the display
data area and SEG/COM pins.

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

Therefore, the bits which are not used to store display data as well as-the data buffer
which corresponds to the addresses not connected to LCD can be used to store general
user process data (see Table 2.13.3).

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

Address bit 7 bit 6 bit & bit-4 bit 3 bit 2 bit 1 bit 0

OF80H T SEB1 ([ ¢ T SEBo//
81 SEG3 SEG2
82 SEG5 SEG4
83 SEGY SEG6
84 SEGY SEG8
85 SEGA SEGA0
86 SEG13 SEG12
87 SEG15 SEG14
88 SEG17 SEG16
89 SEG19 SEG18
8A SEG21 SEG20
8B SEG23 SEG22
8C SEG25 SEG24
8D SEG27 SEG26
8E SEG29 SEG28
8F | SEE31. Y | SEG30

COM3 COM2 COMt. _COMO COM3 COM2 COM1 COMO

Figure 2.13:6 L.CD display data area (DBR)

Table 2.13.3~Driving method and bit for display data

Driving methods |\ bit 7/3 bit 6/2 bit 5/1 bit 4/0
1/4 Duty coms3 COM2 COM1 COMO
1/3 Duty - COM2 COM1 COMO
1/2 Duty. - - COM1 COMO
Static - - - COMO

Note: —; This bit'is.net used for display data

(2) Blanking
Blanking is enabled when EDSP is cleared to “0”.
Blanking turns off LCD through outputting a GND level to SEG/COM pin.
When in STOP mode, EDSP is cleared to “0” and automatically blanked. To
redisplay ICD after exiting STOP mode, it is necessary to set EDSP back to “1”.

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

Figure 2.13.7 shows the flowchart of initialization.

Example: To operate a 1/4 duty LCD of 32 segments x 4 commons at frame
frequency fc/216 [Hz] and boost frequency fc/2B3 [Hz].

LD (LCDCR),01000001B ; Sets LCD drivingmethod and frame
frequency.
Boost frequency

LD (P5LCR),0FFH ; Sets P5 port/as segment output .

LD (P1LCR),0FFH ; Sets P1 port.as.segment output .
LD (P7LCR),0FFH ; Sets P7 port as segment output .

: : ; Sets the initial value of display data.
LD (LCDCR),11000001B ; Displayenable

Y

Sets LCD driving method (DUTY)
Sets Boost frequency (VFSEL)
Sets frame frquency (SLF)

v

| Sets P1, P5, R7port. |

v

| Initialization of display data area. |

v

Display enable (EDSP)
(Releases from blanking.)

>

Figure-2.23.7 Initial setting-of:L'CD driver

(2) Storeof displaydata

Genherally;-display data/are prepafred as fixed data in program memory and stored in
display-data area by load command:

Example 1: To display-using 1/4 duty LCD a numerical value which corresponds to

the LCD data stored in data memory at address 80H (when pins COM
and SEG are connected to LCD as in Figure 2.13.8), display data become
as shown in Table 2.12.2.

LD A, (80H)

ADD\ A, TABLE-$-7
LD/ HL, OF8OH

LD W, (PC+A)
LD  (HL),W

RET

TABLE: DB 110111118, 000001108,
11100011B, 10100111B,
001101108, 10110101B,
11110101B, 00010111B,
11110111B, 10110111B

SNEXT:

Note: DB is a byte data difinition instruction.
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COMO
2N ,?561 COM1
COM?2
SEGO a0
SEG1
Figure 2.13.8 Example of COM, SEG pin connection (1/4 Duty)
Table 2.13.4 Example of Display Data (1/4 Duty)
No. Display Display Data No. Display. Display Data
5:0 -~
0 [l)] 11011111 5 Ucy 10110101
(:0 o [t
[ Y
1 00000110 6 =9 11110101
{ 4
&=
030 630
2 (=3 11100011 7 00000111
g {
=
6=0 Fp
3 = 10100141 8 0@ 11110111
0 ﬁ@
= =\
4 Uc>0 00110110 9 Qsﬁ 10110111
0 Q:.O

Example 2,7 Table 2.13.4 shows an.example/of display data which are displayed
using 1/2 duty LCD in the.same way as Table 2.13.5. The connection
between pins CONMand SEG are the same as shown in Figure 2.13.9.

SEGO

SEG3 9f§ n
0 7 SEG2
Q R SEG1

COMO

COM1

Figure\2.13.9 Example of COM, SEG pin connection

Table 2,13.5 Example of display data (1/2 Duty)

Display data Display data
Number Number
High order address | Low order address High order address | Low order address
0 **01%*11 **01%*11 5 **11%%10 **(1**(Q1
1 **(00** 10 **(00** 10 6 **11xx1] **(1** Q1
2 **10%*01 **01%*11 7 **(01**10 **00** 11
3 **10%*10 **(01%*11 8 *x11%%1] *%(1** 11
4 **11%%10 **00**10 9 **11%%10 **(01** 11
Note: *; Don't care
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(3) Example of LCD drive output

i -V
Display data area C°M°_|_’—|—\_|_|__ < 0LCD3

Address v
COM1—|_|_‘J_|_I—|—_ N

0F80y | 1011 0101 =0
Note: *; Don't care COMz_LI—\_l_l_I_\—_ - Vicbs

-0

n—l_l ~Vicbs
COMO - SEGO {4~ -0
(Selected)J I_l—l ~~VLCcp3
S Vicps
COM2 - SEG1 ——£.f — —0
(Non-Selected) —\-VLcD3

Figure 2.43.10 )1/4 duty (1/3 bias)-drive

SEG

SEGO
= des H
(Q Q_COM2 Q:OO

EDSP |

SEGO M —Vicos
o

= Vicos
-0

—V,
Display data area SEG2 _|_‘_|—I_|_\— . 0LCD3
Address _V
COMO J—'_\_\_I—l— : . LCD3

OFB0H | *111*D10

—Vicps
OF81y | #x#x 4oL com L L—_ = o
Note: *; Don’t care —VicD3
com L— T o

-V
COM1 - SEG1 r‘—. - 0LCD3

(Selected) [ L " Vieos

SEG1 | [ ]

~—VicDs
COM2 - SEG2 — ——— -9

(Non-Selected) - Y
—-Vicop3

Figure 2.13.11 1/3 duty (1/3 bias) drive
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COMO
SEG3 GE ” SEGO Ua U
g SEG2 COM1 090
QQéQ SEG1 =V o
EDSP |
—Vicps
SEGO | | |
—0
—Vick3
SEG1 | | | —0
Display data area v
= Vb3
SEG2 | | | |
Address —-0
<V|.cp3
OF80 | **01**01 SEG3 | | |
OF81y | **11**10 oy
—Y
como_ It — (o T
Note: *; Don'’t care —0
M —Vicos
CcOoM1 -0
I_l | —Wcps
COMO - SEG1 [ 1 : 0
(Selected) _I I_\_I — NiéD3
—Vicp3
COMO - SEG2 — = =0
(Non-Selected) L/ N\ ep3
Figure 2.13:12. 1/2 duty (1/3 bias) drive
SEGO
== SEGI
SEG5
—— U SEG6 (iDU
SEG4 SEG2 COMO Q 0
SEG3 AW .Q_SEG? o
EDSP |
—Vicps
SEGQ | [ | o
Display data area —Vicps
SEG4 | |
—0
Address v
|_| —Vicps
OFSOH ***0 ***1 SEG7 _0
0F81H ***1 ***1 —VLCD3
COMO | |
0F82H ***1 ***0 _0
0F83H ***0 ***l
Note: *; Don't care
-V
COMO — SEGO - o
(Selected) - v
—-VicD3
COMO - SEG4 “Vicos
(Non-Selected) - 9VLCD3
Figure 2.13.13 Static drive
86FM29-132 2004-03-01



TOSHIBA TMP86FM29

2.14 FLASH Memory

2.14.1 Outline

The TMP86FM29 incorporates 32768 bytes of FLASH memory (Address 8000H to
FFFFH). The writing to FLASH memory is controlled by FLASH control register (EEPCR)
and FLASH status register (EEPSR).

To write data to the FLASH , execute the Serial PROM mode. For details about the Serial
PROM mode, refer to “2.1 Serial PROM mode”.

The FLASH memory of the TMP86FM29 features:

e The FLASH memory is constructed of 512 pages FLASH memory and one page size
is 64 bytes (512 pages x 64 bytes = 32768 bytes).

e The TMP86FM29 incorporates a 64-byte temporary data buffer-The data written
to FLASH memory is temporarily stored in this-data buffer./After 64 bytes data
have been written to the temporary, data buffer, the writing to-FLASH memory
automatically starts by page writing\(The)64 bytes,data @are written to specified
page of FLASH simultaneously). At the same time, page-by:page/erasing occurs
automatically. So, it is unnecessary to-erase individual-pages-in‘advance.

e The FLASH control circuit incorporates an oscillator'\dedicated to the FLASH. So
FLASH writing time is independent of the system clock4requency (fc). In addition,
because an FLASH control cireuit controls writing time for each FLASH memory
cell, the writing time varies.in each page (Typicaly 4'ms per page).

e Controlling the power forthe FLASH<{ontrol circuit (regulator and voltage step-up
circuit) achieves low pawer consumption_if the FLASH is not in use (Example:
When the program.s-executed in RAM area):

2.14.2 Conditions for Accessing-the FLASH Aréas

The conditions, for accessing the FLASH-areas vary depending on each operation mode.
The following-tables shows FLASH are access conditions.

Table 2.14.1 FLASH-Area Access Conditions

Operation Mode
Area :
MEU mode (Note 1) Serial PROM mode (Note 2)
Flash Memory 8000H to FFFFH Read/fetch only Write/read/fetch supported

Note 1} IMCU mode” shows NORMAL1/2 and SLOW1/2 modes.

Note 2: “Serial PROM mode’ shows the FLASH controlling mode. For details, refer to “2.1 Serial
PROM-mogde”™.

Note 3: “Fetch” means_reading operation of FLASH data as an instruction by CPU.
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2.14.3 Differences among Product Series

The specifications of the FLASH product (TMP86FM29) are different from those of the
emulation chip (TMP86C929A) and the MASK/OTP products (TMP86C829B/CH29B/
CM29B/PM29A) as listed below. See 2.15.2 “Control ” for explanations about the control

registers.

FLASH Product
(TMP86FM29)

Emulation Chip
MASK/OTP Product

Rewriting the EEPCR register<EEPMD,
EEPRS, MNPWDW>

It is possible to rewrite the EEPCR
register only when the program
execution area in use is
RAM/BOOT-ROM.

FLASH write time

(The emulation chip is written to emulation
memory instead of FLASH)

Typically 4 ms
(Independent of the systemyclock)

Executing a read instruction/fetch to the 8000H
to FFFFH area when EEPSR<BFBUSY> =*“1"

If EEPSR<BFBUSY> = “1”,
executing a read instruetion/fetch to
the FLASH area causés/FFH\to be
read regardless of whatthe current
ROM data is. Fetching-FFH results
in a software intéerrupt-accurring.

The EEPSR<BFBUSY>"stays at “0”
(Write disabled).

Executing a write instruction

0 the 8000H to FFFFH area | MCY mode
when EEPCR<EEPMD> =

“0011", EEPSR<EWUPEN> Serial PROM
=“1" and EEPSR<BFBUSY> | mode

=“0".

The EEPSR<BFBUSY> is set to “1”,
(write enabled).

The FLASH function is not executed
becatise the emulation chip and the
MASK/OTP products don't have
EEPCR and EEPSR registers.
Therefore, the software including
the FLASH register can not be
emulated by the emulation chip.
And then if the (software.including
the FLASH.register is eXecuted in
the MASK é6r the-emulation chip, the
software process differs from the
FLASH product.

CPU wait for Flash

(Wait period for stabilizing of the power supply.
of Flash control circuit)

The wait period is insérted in the
releasing from Reset;"STOP mode
(EEPCR<MNPWDW>="1%) and
IDLE/SLEEP mode
(EEPCR<ATPWDW>="0").

Even if the FLASH register is not
used for software, the wait period is
inserted in Reset process.

The wait period is not inserted.
Even if the FLASH register is not
used for software, the Reset and
STOP process differs from the
FLASH product.

BOOT-ROM

2 Kbytes are-included.in the 3800H
to 3FFFH/area.

The emulation chip and MASK/OTP
products don't have the
BOOT-ROM.

Operating voltage

VDD=18t03:6V

VDD =1.8t0 5.5 V (MASK)
VDD = 1.8 to 5.25 V(Emulation chip)
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2.14.4

FLASH Memory Configuration

64 consecutive bytes in the FLASH area are treated as one group, which is defined as a
page. The TMP86FM29 incorporates a one-page temporary data buffer. Writing data to
FLASH is temporarily stored in this 64-byte data buffer. After 64 bytes data have been
written to the temporary data buffer, these data are written to specified page of FLASH at
a time. However, data can be read from any address byte by byte.

2.14.4.1 Page Configuration

The FLASH area has a page configuration of 64 bytes/page as shown below. The
total number of bytes in it is 512 pages x 64 bytes (= 32768 bytes). The writeable area
is 8000H to FFFFH in Serial PROM mode.

Note: The FLASH memory (8000H to FFFFH) can'be written only in the Serial PROM
mode. For details of the Serial PROM mode;.referto “2.1 Serial PROM mode”.

Address

8000H
8010H
8020H
8030H

8040H
8050H
8060H
8070H

8080H
8090H
80AO0H
80BOH

T e e e T S

80COH
80DOH
80EOH
80FOH

PR N SO N R NSNS BN

FFEOH
FFFOH

Figure-2.14.1 Page Configuration
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2.15 FLASH Memory Control Circuit
2.15.1 Configuration
M~ MY
Adgdress input
16
Temporary ™~ >
data buffer 512 — Data input
~ (64 bytes) Write time | ;0o
8 [ with write Overflow counter FLASH
data counter| . EN memory
Count up_
Telear _t D QI End of
_ VIN write
CPR
Serial PROM mode (
Flash memory
chip select signal
————> CPU WAIT
signal
2] RAM/BOOT-ROM
2 a fetch signal t b 7Q EI'_\IASH
2 P i warm-up
% § WR signal >———— chs counter
al |Z SYSCR1<STOP> > I —I
< CE Overflow
SYSCR2<IDLE>
SYSCR2<TGHALT>§j:> _t
|Decoder| Request to >
4\ ~ generate an y 'U CPRr
a0 % % interrupt vector = E EEPSRJ _
= @ = = 2| 3| RD signal z
mm Rl Z £h2 E
wiswl /< = @l W
EEPCR [ { EEPSR [
N A
Figure 2.15.1 FLASH Memory Control
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2.15.2 Control

The FLASH is controlled by FLASH control register (EEPCR) and FLASH status

register (EEPSR).

FLASH Control Register
7 6 5 4 3 2 1 0
EEPCR EEPMD EEPRS | ATPWDW [MNPWDW | (Initial value: 1100 *011)
(oFEOW) —/ ¥ /=~
_ 1100: FLASH write disable Program Execution Area
ggpvp | FLASH write enable control 0011: FLASH write enable RAM/ FLASH
(Write protect) BOOT
Other values: Reserved
1: FLASH writing is forced to stop. Read
EEPRS FLASH write forcible stop (The write data counter is initialized.) only
* After writing “1” to EEPRS, it i$
automatically cleared to "0,
Automatic power control for the | 0: Automatic power shut down is€xecuted in
FLASH control circuit in the IDLE0/1/2 and SLEEP0/1/2 modes. RIW
ATPWDW | IDLEO/1/2, SLEEPO/1/2 modes. | 1: Automatic power-shut.dowr! is not executed R/W
(This bit is available only when in IDLEO/1/2(and SLEEPO0/1/2 modes. (The
MNPWDW is set to “1".) power is always supplied in these modes:)
0: The power\for the FLASH control circuit is
Software-based power control turned-off. Read
MNPWDW - — 7.
for the FLASH control circuit 1: The power far the FLASH contral circuit is only
turned.on

Note 1: The EEPMD, EEPRS, and MNPWDW.can be rewritten only when a program fetch is taking place in the RAM or
BOOT-ROM area. If an attempt is'made.to rewrite the EEPCR.register when a program is being executed in the
FLASH area, the EEPMD, EEPRS, and MNPWDW keep holding-the previous data; they are not rewritten.

Note 2: To write to the FLASH, set the-EEPMD with “0011B” in advance whena program fetch is taking place in the RAM
area.

Note 3: To forcibly stop writing of FLASH; set the EEPRS to “1%when a program fetch is taking place in the RAM area.

Note 4: The ATPWDW functions’ gniy. if the MNPWDW is-“1"~f:the MNPWDW is “0”, the power for the FLASH control
circuit is képt-turned ‘off¢egardless of the setting-of the ATPWDW.

Note 5: When & STOP mode-is executed, the'power forthé FLASH control circuit is turned off regardless of the setting of
the ATPWDW. If the MNPWDW is “0”, entering/exiting the STOP mode allows the power for the FLASH control
circuit to be kept turned off.

Note 6: Executing a read instruction to the EEPCR register results in bit3 being read as undefined. Bit2 is always read as
Q.

Note 7: The following/attention is necessary when the MNPWDW is set or cleared.

When the MNPWDW is Clear the interrupt master enable flag (IMF) to “0” in advance to disable an

changed from/1>to “Q” interrupt. After that, do not set IMF to “1” during EEPSR<EWUPEN> = “0".
If a watchdog timer is used as interrupt request, clear the binary counter for the
watchdog timer just before MNPWDW is changed from “1” to “0".

When the MNPWDW'is When write to or read from the Flash memory, make sure that the

changed from “0” to “1” EEPSR<EWUPEN> is “1" by software. Once the MNPWDW is rewritten from
“0" to “1” by software, keep performing software-based polling until the
EEPSR<EWUPEN> becomes “1".

Note 8: In MCU mode, the EEPMD and EEPRS should be always set to "1100B" and "0".

Figure 2.15.2 FLASH Control Register
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FLASH status register

7 6 5 4 3 2 1 0
I R R B R L
EEPSR i i i i WINT |EWUPEN| BFBUSY | (initial value: *+** *010)
[0 =541
0: Not detected
Interrupt detection during a write to | 1: Detected (Interrupt occurred)
WINT - -
the FLASH * WINT is automatically cleared to “0”when read
instruction is executed to EEPSR.
Control circuit Halt (power off) or
Operating (power on) (P ) Read
FLASH control status Warm-up only
EWUPEN | .~ contro . Temporary data £ .
circuit status monitor | FLASH status Writing Disable
buffer empty
1 1 0
BFBUSY | FLASH write busy flag 0 1 1

Note 1: If a nonmaskable interrupt occurs during a write to the FLASH, the~WINT is set to "1} and_the writing is
discontinued, and then warm-up (CPU wait) for the control circuit of Flash memory is exgeuted. (The-vrite data
counter is initialized.) If WINT = “1” is detected in the nonmaskable’ interrupt serviee Troutine, a write is not
completed successfully. So, it is necessary to try a write again. The content ofithe page ta which a'write is taking
place may be changed to an unexpected value depending-onthetiming when the WINT becomes /1”.

Note 2: Even if a nonmaskable interrupt occurs during an-FLASH warm-up, the CPU stays at a“haljt until the warm-up is
finished.

Note 3: The WINT is automatically cleared to “0” whemn a.read instruction is executed to,the EEPSR register.

Note 4:  When MNPWDW is changed from “0” to “1*, EWUREN becomes “1” after taking 2'/fc [s] (if SYSCK =“0") or 23Hs
[s] (if SYSCK = “1"). Before accessing the FLASH, make sure‘that-the EWUPEN-is “1” in the RAM area.

Note 5: If the BFBUSY is “1", executing a read instruction or fetch’t@_the FLASH area causes FFH to be read. Fetching

FFH results in a software interrupt gccurring.

Figure 2:15.3 FLASH Status Register

86FM29-138 2004-03-01



TOSHIBA

TMP86FM29

2.15.3

FLASH Write Enable Control (EEPCR<EEPMD>)

In the FLASH product, the control register can be used to disable a write to the FLASH
(Write protect) in order to prevent a write to the FLASH from occurring by mistake because
of a program error or microcontroller malfunction. To enable a write to the FLASH, set the
EEPCR<EEPMD> with 0011B. To disable a write to the FLASH, set the EEPCR<EEPMD>
with 1100B. A reset initializes the EEPCR<EEPMD> to 1100Bto disable a write to the
FLASH. Usually, set the EEPCR<EEPMD> with 1100B, except when, it is necessary to
write to the FLASH.

Notel: The FLASH memory (8000H to FFFFH) can be wxitten only in the Serial PROM mode.

Note2: The EEPCR<EEPMD> can be rewritten only when a-program is being executed in the
RAM area. Executing a write instruction to the EEPCR<EEPMD> in the FLASH area
does not change its setting.

Note3: This function can be used in Serial PROM made. In MCU mode, the EEPCR<EEPMD>
should be always set to “1100B".
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2.15.4 FLASH Write Forcible Stop (EEPCR<EEPRS>)

To forcibly stop a write to the FLASH, set the EEPCR<EEPRS> to “1". Setting the
EEPCR<EEPRS> to “1” initializes the write data counter of data buffer and forcibly stops a
write, and then a warm-up (CPU wait) for the control circuit of Flash memory is executed.
After warm-up period, the EEPSR<BFBUSY> is cleared to #0”. The warm-up period is
210/fc (SYSCK = “0") or 23/fs (SYSCK = “1"). After this, if writing. to FLASH starts again,
data is stored as the first byte of the temporary data buffer and sets the EEPSR<BFBUSY>
to “1”. Therefore, it is necessary to write 64 bytes data to the temporary data buffer.

After 1 to 63 bytes are saved to the temporary data buffer/ifthe EEPCR<EEPRS> is set
to “1” the specified page of FLASH is not written. (It keeps previous data.)

Note 1: After 64 bytes are written to the temporary data buffer, the-setting the EEPCR<EEPRS>

to “1” may cause the writing the page of FLASH to-an-uhéexpected value.

Note 2: The EEPCR<EEPRS> can be rewritten only: when-ayprogram is being executed in the

RAM area. In the FLASH area, executing-a write_instruction to/the-.EEPCR<EEPRS>
does not affect its setting.

Note 3: During the warm-up period for Flash.memory (CPU wait), the pefipheral circuits

continue operating, but the CPU stays ata halt until the warm-up_is finished. Even if an
interrupt latch is set to “1” by/generating of interrupt reguest,) an interrupt sequence
doesn’t start till the end of warm-up.Ifinterrupts occurduringawarm-up period with IMF
="1", the interrupt sequence which depends on interrupt priority will start after warm-up
period.

Note 4: When the EEPCR<EEPRS>.is set to “1™with EEPSR<BFBUSY> =“0", a warm-up is not

executed.

Note 5: If executed a writé orread instruction to the Flash area immediately after setting

EEPCR<EEPRS>, insert one or hmore\ machine cycle instructions after setting
EEPCR<EEPRS>.

Example:.Reads the Flash memory data/immediately after setting EEPCR<EEPRS> to “1”

LD HL,8000H
LD (EEPCR),3FH ; Set EEPCR<EEPRS> to “1”
NOP ; NOP

(Do not execute write or read instruction immediately
after setting EEPCR<EEPRS>.)

LD A,(HL) ; Reads the data of address 8000H
(Write or read instruction to the Flash memory)

Note 6 This function can-be used in Serial PROM mode. In MCU mode, the EEPCR<EEPRS>

should he always set to “0”.
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Write instruction to the

Buffer 0 2 X Data0 L X Data 0’
i I
Buffer 1 ? |  XDbatal . ! XDatal
1 —
| | P L |
Buffer 2 ? : ! . ' ! X Data 2’
! | ] | ! i
| | ! . i ! i
Buffer 63 ? : ! : ] :
i | Write to the EPCR<EEPRS> = "1” R
EEPCR<EEPRS> P ﬂ) (V]
L L
| 1

FLASH area

Write data counter 0

o

EEPSR<BFBUSY >

_

2"%fc or 2%/fs [s] |—,

€----lo-SooTs >

EEPSR<EWUPEN >

r Overflow

FLASH warm-up
counter

OO = KK 0

FLASH control circuit

status Normal operation

X Warmcup.in-progress X Nofmal operation

(CPU WAIT)

Figure 2.15.4 Write Data Counter Initialization and Write’Fotcible Stop
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2.15.5 Power Control for the FLASH Control Circuit

For the FLASH product, it is possible to turn off the power for FLASH control circuit
(such as a regulator) to suppress power consumption if the FLASH area is not accessed.

The EEPCR<MNPWDW> and EEPCR<ATPWDW> are used to control the power for the
FLASH control circuit. If the power for the FLASH control circuit is turned off according to
the setting of these registers, starting to use the circuits again fieeds to allow warm-up time
for the power supply.

Table 2.15.1 Power Supply Warm-up Time (CPU wait) for the-FLASH Control Circuit

NORMAL1/2 SLOW1/2 STOP Made. (when\EEPCR<MNPWDW> = “1")
IDLEO/1/2 Mode SLEEP0/1/2 Mode To Return to a NORMAL Mode To Return to a SLOW Mode
2"%fc [s] 2°/fs [s] , ” , s

STOP warm-up time +2_ ffe-[s] STOP warm-up time + 2°/fs [s]
(64 us @16 MHz) (244 ps @32.768 kHz)

2.15.5.1 Software-based Power Control for the FLASH-Contral Circuit (EEPCR<MNPWDW>)

The EEPCR<MNPWDW=> is a software-based power_control it for the FLASH
control circuit. When a program is being executed in the RAM aréd, setting this bit
enables software-based power control.~Clearing the EEPCR<MNPWDW> to “0”
immediately turns off the pewer~for the FLASH ( control circuit. Once the
EEPCR<MNPWDW?=> is switchedfrom “0” to “1”, before attempting a read or fetch
from the FLASH area, it is nécessary to insert a warm/up/period by software until the
power supply is stabilized An-this case, because.the ‘€PU wait is not executed, any
other instructions except-accessing to Flash (write or read) are available. When
MNPWDW is changed from, “0” to “1”, EWUPEN becomes “1” after taking 219/fc [s]
(SYSCK = “0") or 23/fs\[s] (SYSCK = “1"). UsuaHly software-based polling should be
performed until the EEPSR<EWUPENx> becomes “1”. An example of setting is given
below.

(1) Exampleofcontrolling the EERCR<MNPWDW>

Transfer a program for\controlling the EEPCR<MNPWDW?> to the RAM area.

Release an address trap in-the RAM area (Setup the WDTCR1 and WDTCR2
registers).

po

Jump to the contrel program transferred to the RAM area.
Clear the interrupt master enable flag (IMF « “07).
Clear the‘binary counter if the watchdog timer is in use.

o gk w

To turn—off ~the power for the FLASH control circuit, clear the
EEPCR<MNPWDW?=> to “0".

Perferm CPU processing as required.

To access the FLASH area again, set the EEPCR<MNPWDW> to “1".

Keep program polling until the EEPSR<EWUPEN> becomes “1”.

(Upon completion of an FLASH warming-up, the EEPSR<EWUPEN> is set to

“1”. It takes 210/fc (SYSCK = “0”) or 23/fs (SYSCK = “1”) until EWUPEN
becomes “1".)

~

This procedure enables the FLASH area to be accessed.
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If the EEPCR<MNPWDW?> is “1”, entering a STOP mode forcibly turns off the
power for the FLASH control circuit. When the STOP mode is released, a STOP mode
oscillation warm-up is carried out, and then the CPU wait period (Warm-up for
stabilizing of FLASH power supply circuit) is automatically performed. If the
EEPCR<MNPWDWS=> is “0”, entering/exiting the STOP mode keeps the power for the
FLASH control circuit turned off.

Note 1: If the EEPSR<EWUPEN> is “0”, do not access (Fetch;read, or write) the FLASH
area. Executing a read instruction or fetch to the FLASH area causes FFH to be
read. Fetching FFH results in a software interrupt occurring:

Note 2: To clear the EEPCR<MNPWDW> to “0”,/clear the interrupt master enable flag
(IMF) to “0” in advance to disable an interrupt. After-that, do not set IMF to “1”
during EEPSR<EWUPEN> = “0".

Note 3:If the EEPCR<MNPWDW> is “0", generating a nonmaskable interrupt
automatically rewrites the MNPWDW ¢to (1" to-warm up the FLASH-centrol circuit
(CPU wait). That time, the peripheral circuits-continue operating;.but the CPU stays
at a halt until the warm-up is finished,

Note 4: The EEPCR<MNPWDW?> can/be rewritten only when a programny’is’being executed
in the RAM area. In the FLASH-area, executingya write “instruction to the
EEPCR<MNPWDW?> doesgnot affect its setting.

Note 5: If a watchdog timer is /(used-as-interrupt requgst,, clearthe binary counter for the
watchdog timer just before MNPWDW is changed from “1” to “0”.

Note 6: During the warm-up.period’ with a/software\polling of EEPSR<EWUPEN>, if a
nonmaskable interrupt occurs, the CPU stays at a halt until the warm-up is finished.

Specify MNPWDW = 0 Specify MNPWDW = 1
EEPCR<MNPWDW>
| [}
i o 2cor2hs[s]_ |
EEPSR<EWUPEN> ' |
T I Software polling
! NN T A A B
EEPSR<BFBUSY> b :
R L
Program execution area FLASHarea X RAMarea ! Y Y Y Y | ¥V X FLASHarea
| .
| [}
[}

FLASH warm-up-counter

1
FLASH control circuit status Normal operation X Power-off state X Warm-up in progress X Normal operation

0

Overflow
>OOOOOOC)<%< 0

(CPU is operating)

Figure 2.15.5 Software-based Power Control for the FLASH Control Circuit (EEPCR<MNPWDW?>)
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Example: Performing software-based power control for the FLASH control circuit

SsRAMAREA:

sLOOP1:

DI
LD

CLR

SET
TEST
JRS

(WDTCR?2),4Eh

(EEPCR).0

(EEPCR).0
(EEPSR).1
T,sLOOP1

MAIN

Disable an interrupt (IMF « “0”)

Clear the binary counter if the watchdog
timer is in use

Clear the EEPCR<MNPWDW> to “0".

Set the EEPCR<MNPWDW> to *1"

Monito SR<EWUPEN> register.
O P

if EEPSR<EWUPEN>
e FLASH area.
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2.15.5.2 Automatic Power Control for the FLASH Control Circuit (EEPCR<ATPWDW>)

The EEPCR<ATPWDWS> is an automatic power control bit for the FLASH control
circuit. It is possible to suppress power consumption by automatically shutting down
the power for the FLASH control circuit when an operation mode is changed to
IDLEO/1/2 and SLEEPO0/1/2 modes. This bit can be specified regardless of the area in
which a program is being executed.

After the EEPCR<ATPWDW?> is cleared to “0”, entering an operation mode
(IDLEO/1/2 or SLEEPO0/1/2) where the CPU is at a halt dutomatically turns off the
power for the FLASH control circuit. Once the operation-mode is released, the
warm-up time (CPU wait) is automatically counted to fesume normal processing. The
CPU wait period is either 210/fc (SYSCK = “Q9_ok 2%/fs (SYSCK = “1"). If the
EEPCR<ATPWDW:> is “1”, releasing the operationrmade does not cause the CPU wait.

If EEPCR<MNPWDW> = “1”, executing a STOP.mode-forcibly turns off the power
for the FLASH control circuit regardless of the-setting of the EEPCR<ATPWDW>.
When the STOP mode is released, a STOP/mode oscillation warm-<{upis carried out,
and then an FLASH control circuit warm-up(CRU.wait) is automatically performed. If
the EEPCR<MNPWDW?> is “0”, entering/exiting a STOP mode allowsthe power for
the FLASH control circuit to be kept turned-off.

Note 1: The EEPCR<ATPWDW?> functions~only if the EEPCR<MNRWDW> is “1". If the
EEPCR<MNPWDW> is “0%(the power for the FLASHcontrol circuit is kept turned
off when an operation mode’is executed or released.

Note 2: During an FLASH warm-up (€EPU wait), the peripheral circuits continue operating,
but the CPU staysdat'a halt. Even if afyinterrupt latch’is set under this condition, no
interrupt process-occurs yntil the CRU.wait is completed. If the IMF is “1” when the
interrupt latch is(set, interrupt process takes place according to the interrupt priority
after the CPU has started operating.

EEPCR<MNPWDW>
Specify ATPWDW-=0
EEPCR<ATPWDW> |
! 5 l
EEPSR<EWUPEN> le_ 2 fcor2’ffs[s]_
| |
EEPSR<BFBUSY> |
! i Overflow —_}
| —
FLASH warm-up counter 0 : DOOOOOOC _ 0
: | :
FLASH control circuit status Normaktqperation X Power-off state D( Warm-up in progress X Normal operation
|
|
1
Operation.mode NORMAL or SLOW modeX IDLE or SLEEP modeD( CPU WAIT XNORMAL or SLOW mode
i
Interruptrequest h
Program execution area FLASH area or RAM area

Figure 2.15.6 Automatic Power Control for the FLASH Control Circuit (EEPCR<ATPWDW>)
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2.15.6

Accessing the FLASH Memory Area

During the writing to the FLASH memory area, neither a read nor fetch can be
performed for the 8000H to FFFFH area. Therefore, to write the FLASH area, the program
should be executed in the BOOTROM or RAM area. Basically, to write the FLASH area, the
program can be executed in BOOTROM area by using the FLASH writing mode of the
Serial PROM mode, but it can be also executed any user program in RAM area by using the
RAM loader mode of the Serial PROM mode.

Explanation here is made of only the method of FLASH programming in RAM area. For
detail about each operation mode of the Serial PROM mode;-refer to “2.1 Serial PROM
Mode”.

Although the writing to FLASH is executed on page+by-page, the reading from FLASH is
executed on byte-by-byte.

If a nonmaskable interrupt occurs during a write tothe FLASH (EEPSR<BFBUSY> =
“1”), the WINT is set to “1” and the writing is discontinued, and thenthe warm-up (CPU
wait) for control circuit of Flash memory isexecuted (The write data-counter is also
initialized). If WINT =“1" is detected in the nornmaskable intexrupt service routine, a write
is not completed successfully. So, it is necgssary to-try a write again. The warm-up period is
210/fc (SYSCK = “0") or 23/fs (SYSCK =/#1"). After 1 to 63 bytes are savedto the temporary
data buffer, if an interrupt generates/ the specified page of FLASH\is not written. (It keeps
previous data.)

Note 1: Writing to the FLASH area is-enabléd only in _Serial PROM mode. For details of Serial
PROM mode, refer to “2.1\Serial PROM mode”.

Note 2: After 64 bytes are written-to.the’temporary data buffer,/the generating of an interrupt may
cause the writing the page of FLASH to an unexpected value.

Note 3: During the warm-up/period for Flash \memory (CPU wait), the peripheral circuits
continue operating, but'the CPU stays_at-a halt until the warm-up is finished. Even if an
interrupt latehy js,set to “1” by generating of interrupt request, an interrupt sequence
doesn'tstart'till the end of warm-up-Jf interrupts occur during a warm-up period with IMF
# 71", the interrupt sequence which’ depends on interrupt priority will start after warm-up
period,

Note 4: When write the data_toFlash memory from RAM area, disable all the nonmaskable
interrupt by clearing interrupt master enable flag (IMF) to “0” beforehand.
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2.15.6.1 FLASH Writing Program in the RAM Area

To develop the program in RAM, the write control program should be loaded from
external device by using RAM loader mode in Serial PROM mode. Given below is an
example of writing the control program in the RAM area.

(1) Example of writing program in the RAM area

1.

o > oD

6.

Monitor the EEPSR<EWUPEN>. If it is “0”, set the EEPCR<MNPWDW?> to
“1”, and then start and keep polling until the EEPSR<EWUPEN> becomes
“1”,

Clear the interrupt master enable flag (IMF <« \0").

Set the EEPCR with “3BH” (to enable a write to the FLASH).

Execute a write instruction for 64 bytes to the FLASH area.

Start and keep polling by software until'the EEPSR<BFBUSY>becomes “0”".
(Upon completion of an erase "and_ write to the <FLASH-/cells, the

EEPSR<BFBUSY> is set to “1"/Foerthe-FLASH product, the required write
time is typically 4 ms.)

Set the EEPCR with “CBHY7 (te.disable a write to the KLASH),

Note: See (2), “Method of specifying an address for_a write to the FLASH,” for a

description about the FLASH address to be-specified’at step 4 above.
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(2) Method of specifying an address for a write to the FLASH

The FLASH page to be written is specified by the 10 high-order bits of the
address of the first-byte data. The first-byte data is stored at the first address of
the temporary data buffer. If the data to be written is, for example, 8040H, page 1
is selected, and the data is stored at the first address of the temporary data buffer.
Even if the 6 low-order bits of the specified address is-not 000000B, the first-byte
data is always stored at the first address of the data buffer.

Any address can be specified as the second and subsequént address within
FLASH area (8000H to FFFFH). The write data bytes,are stored in the temporary
data buffer in the sequence they are written, regardless of what address is
specified. Usually, the address that is the same-as the-first-byte is specified for the
second and subsequent address. A 16-bit transfer instruction (LDW) can also be
used for writing to the temporary data buffer.

Example: Data bytes O0H to 3FH are written to page™1.
(Figure 2.15.7 shows the example of data buffer and pages.)

DI ;  Disable an(interrupt (IMF « “0")
LD C,00H
LD HL,EEPCR Specify the EEPCR-régdister address.
LD IX,8040H ;. Specify awrite~address.
LD (HL),3BH ; Specify the EEPCR
sLOOP1:
LD (IX)(C ;| ( Storel data to the temporary data buffer.
(A write page is selected when the first
byte-is written.)
INC Cc N\ C=C+1
CMP Cy40H ;) Adump to sLOOPL1 if C is not 40H
JR NZ,sLOOP1
sLOOP2:
TEST (EEPSR).0
JRS F,sLOOP2 ; Jump to sSLOOP2 if EEPSR<BFBUSY> =
“1",
LD (HL),0CBH ;  Specify the EEPCR

Note/ /If the . BFBUSY is."1”, exeeuting a read instruction or fetch to the FLASH area
causes “FFH"-to_be.read. Fetching “FFH” results in a software interrupt

Address

8030H
8040H
8050H
8060H
8070H

occurring.

o A+>~253 4 .5 6 Y7 8 9 A B C D E F
_00H,y 01H 02H | 03H | 04H,.06H | 06H ; 07H | 08H | O9H | OAH ; OBH | OCH | ODH | OEH | OFH |
10H | 11H)i|12H | 13H :_1_4'_"_: 19H. 16H * Temporary ~_19H 1 1AH 4 1BH 1CH ., » 1DH y 1EH , 1FH |
\20H 1-21HY 20H 1 231 | B4H 1250 1 26H_ da@bUfler  30n J 2 } 2BH | 2CH 1 2DH 1 2EH 1 2FH |

30H.31H 1 32H ¥ 83H,4 84H + 35H 1 36H 1 37H 1 38H 1 39H | 3AH 1 3BH | 3CH ' 3DH | 3EH 1 3FH

001 1 1 2 13 1™4,1 5161718191 A1IBICIiDIEIF

: : : : : : : : : : : : : : :
"00H i O1H } 02H + 03H 1 O4H 1 O5H + OBH | O7H 4 08H 1 O9H 1 OAH 3 OBH | OCH ; ODH ) OEH 1 OFH |
C10H 1 1M 1 12H [ 13H 1 14H L I5H 3 16H © by ¢ 19H | 1AH 1 1BH [ 1CH 1 1DH 1 1EH 1 1FH |

20H ! 21H V 22H | 23H 1 24H 1 25H 1 26H . . 1 20H | 2AH | 2BH | 2CH | 2DH | 2EH | 2FH
"30H ' 31H ' 32H ' 33H ! 34H ! 35H ' 36H ' 37H ! 38H ! 30H ' 3AH ' 3BH ! 3CH ! 3DH ! 3EH ! 3FH |
] 1 1 ] ] 1 1 ] ] 1 1 ] ] 1 1
] 1 1 ] ] 1 1 ] ] 1 1 ] ] 1 1

Figure 2.15.8 Data Buffer and Write Page (Example)

86FM29-148 2004-03-01



TOSHIBA

Buffer 0
Buffer 1

Buffer 2

Buffer 63

FLASH cell

Write instruction to the
FLASH area

Write data counter

EEPSR<BFBUSY >

EEPSR<EWUPEN >

_

v Write completed

TMP86FM29

EX Data 0 T Q
|
! X Data 1 L 0
: : 64 bytes are written at a time.
i ! X Data 2 T e}
I ! i T
P | _—
P | XData63 ¢
i T -T" !
I I ' '
' 1 | | \
' ' i Data before writeing D( Erasing Writing
T T i I Data after
n h |'| . n writing
! . 1: ,~Overflow
:)@( 2 X3 L 63?( 0
| |

i

White time (typically 4 ms)

Figure 2.15.9 Write to the FLASH NMemory Area
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2.16 Serial PROM Mode

2.16.1 Outline

The TMP86FM29 has a 2 Kbytes BOOT-ROM for programming to FLASH memory. This
BOOT-ROM is a mask ROM that contains a program to write the FLASH memory on-board.
The BOOT-ROM is available in a serial PROM mode and jt is controlled by P11 pin,
BOOT(P15) pin, TEST pin and RESET pin, and is communicated.via TXD (P16) and RXD
(P15) pins. There are four operation modes in a serial PROM mede: FLASH memory
writing mode, RAM loader mode, FLASH memory SUM output’ mode and Product
discrimination code output mode. Operating area of serial PROM mode differs from that of
MCU mode. The operating area of serial PROM mode shows\inn Table 2.16.1.

Table 2.16.1 Operating Area of Serial PROM Mode

Parameter Min Max Unit
Operating voltage 2.7 3.6 \
High frequency (Note) 2 16 NMHz
Temperature 25 &5 °C

Note: Even though included in above operating area, part-of frequency can not be
supported in serial PROM-mode.Fpr details, referto Table 2:16.6.

2.16.2 Memory Mapping

The BOOT-ROM is mapped /in-address 38004-to 3FFFH./The Figure 2.16.1 shows a
memory mapping.

0000y
SFR !
003F 64 bytes
0040y
RAM ! 2048 bytes
063FH ! .
|
(OF80y
DBR | 128 bytes
OFFF L
AN |
38004
BOOT ROM : issgg§ﬁé;
3FEFH
N |
1 ! '
80004
|
|
FLASH memory : 32768 bytes
|
FEFEH

Figure 2.16.1 Memory Address Maps
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2.16.3 Serial PROM Mode Setting

2.16.3.1 Serial PROM Mode Control Pins

To execute on-board programming, start the TMP86FM29 in serial PROM mode.
Setting of a serial PROM mode is shown in Table 2.16.2.

Table 2.16.2 Serial PROM Mode Setting

Pin Setting
BOOT/RXD pin (P15) High
P11 pin Low
RESET , TESTpin .

2.16.3.2 Pin Function

In the serial PROM mode, TXD (P16) and RXD_(P15) pins are used as a serial
interface pin.

Table 2.16.3 Pin function in the Serial PROMMode

Pin Name Input/ a Rin Name
. Function
(Serial PROM Mode) Output (MCU Mode)
Serial data output

TXD Output ' WP P16
_______________________________ Connect the pyll-up resistor:” oA e
RXD______________1 __Input__ | Serialdatainput, >~ _________ ] (Note))) | P15 ____
_RESET o __Mnput__ | Serial PROM-mode control_____ __ - RESET

TEST Input Serial PROM mede.control TEST

P11 Input Serial PROM-mode control (Fix t0“L" levet) P11

VDD, AVDD 2.7V103.6V
"""""""""" Power g NS N G N W S

VSS oV
------------------- Supply a0 Uit 0 G/ A

VAREF Qpen or equal with VDD
_P10,P12t0P14,P17 ___ |
P20twpP22 |

P30 to P33 S : .

110 Placed in High-Z statesduring'serial PROM mode.

_P0toPs7
_peotoP67

P70 to P77

SEG7 to SEGO . )
----------------- <] Output Placed to-L" levetl-state during serial PROM mode.

COM3 to COMO

LCD voltage )
C0,C1,v3to V1l ) Connect the-capacitor or open.
booster pin

XIN. SN/ 1. __Input | Resonater connecting pins for high-frequency clock. (Note 2)

XOUT Output For inputting external clock, XIN is used and XOUT is opened.

Note 1: When the. device is used as on-board writing and other parts are already
mountediin\place, be careful no to affect these communication control pins.

Note 2:Operating area of high frequency in serial PROM mode is from 2 MHz to 16
MHZz.
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To set a serial PROM mode, connect device pins as shown in Figure 2.16.2.

TMP86FM29 VDD (2.7 V~3.6 V)
o
VDD [«
AVDD [€
VAREF |«
P11
], GND

VDD

WO

— XIN
TXD(P16)

\ 2

A

BOOT / RXD(P15)
0—|IL XOUT RESET [€

SeriahlPROM mode

GND TEST [¢«—7
I MCU mode

GNDA

> External
control

Figure 2.16.2 Serial PROM Mode’Port Setting
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2.16.3.3 Activating Serial PROM Mode

The following is a procedure of setting of serial PROM mode. Figure 2.16.3 shows a
serial PROM mode timing.

1)
)
(3)
(4)
(5)
(6)
(7)

Turn on the power to the VDD pin.

Set the P11 pin, TEST pin and RESET pin to low level.

Set the BOOT/RXD pin (P15) to high level.

Wait until the power supply and clock sufficiently stabilize.
Set the TEST pin from low level to high level.

Release the RESET . (Set to high level)

Input a matching data (5AH) to RXD pin afterwaiting for setup sequence.

(
)

J~

VDD

—)
P11(Input) x
Tsint (Iqitialization time for TEST pin)

[}
[}
[}
i
[}
TEST(Input) \ i
!
[}
[}
|
[}

VIH
Z‘Tssup (Setup time for TEST pin)
:<—>:

IVIH 2 \ z"

11 Rstf (Rising time of RESET pin)
€—

( |
XSeriaI RROM mode ()i x Reset modeX
) 1

VIL

RESET (Input) )\
PROGRAM X I%?ﬁ;?g X Reset mode X

Warm-up ‘Warm-up XSeriaI PROM mode

RXD (Input) y

| PROM mode-(Rxsup) —> PROM mode (Rxsup)
! Matching data ! Matching data
(5Ah) input (5Ah) input

' (
€ Ng| Y €
< - - > <
! Setup time for.Serial | !

l

Setup time for Serial

U

Figure 2.16.3 Serial PROM Mode Timing

Table/2.16.4 Serial PROM Mede-Timing characteristics

The Number of Required Minimum Time
Parameter Symbol Clock (f
ock(fc) | atfc=2MHz |atfc = 16 MHz
Setup time for TEST pin Rstf > 512 /fc{s} Tssup - 1ms
Rstf < 512 / o [§] - o ot

Initialization time/for TEST pin Tsint 1ms

Time from reset release.until>acceptance of start bit of RXD

pin RXsup 110000 55 ms 6.9 ms

Note 1: If Rstf-is-shorter than 512 / fc[s] due to using CMOS-type reset IC or Logic IC,
the TEST pin can input the same pulse as the RESET pin input. (TEST pin can
be directly’connected to the RESET pin.) However, drive the pins carefully not
to~affect the pin's input level, as the TEST pin and the RESET pin have
pull-down resistor and pull-up resistor built-in.

Note 2: fc; High-frequency clock
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2.16.3.4 Examples of On-board writing
Figure 2.16.4 shows examples of On-board writing.
TMP86FM29 VDD (2.7 V~3.6 V)
VDD [€
AVDD [€
VAREF |
(SEG30) P11 |« 9 :__-" T
1 i GND |
LCD Reset ' ote2)!
panel control RZCANE | NS PEPERRNS,
i |<L |<L i ! |i | VDD
! I Q(Notel): | O (Note5) %
(P16/SEG25)TXD |——F————+————— >  evel _)} To PC
(BOOT/P15/SEG26) RXD [€ Converter i | VDD
I Logic IC
RESET [ ———-—=- - X------ ; R R
' Serial PROM mode | '
TEST i T
L_JMcumode___ (Noted), ! (Note3): |
GND [« . et ;J
GND
RC power on
reset circuit
Application board External control board

Note 1:

Note 2:

Note 3.

Note4:

Note5:

Figure 2.16.4Examples of Onbeard writing

If capacity for LCD) panel and other-devicés on the application board affect
UART communication in Seria PROM mode, disconnect these pins by using a
jumper or a switch.

Set the’ P11 pin to GND/-There aré two ways. Set P11 pin to GND on the
external board, or set it to-GND-by setting a jumper on the application board.

Ifinput signal has.analog/delay due to the use of such circuit as RC power on
reset circuit, connect'both-FEST pin and RESET pin to logic ICs (Schmitt input

I€ such as~TE74HC14). In this case, control the pin capacity to require the
condition Rstf<512/fc[s].

In MCU mode, the TEST pin can be disconnected as it has a pull-down resistor
built-in. However, we recommend connecting it to GND level to avoid noise
influence.

If the \RESET control circuit on the application board affects the Serial PROM
made to-start, disconnect it by using a jumper, etc.
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2.16.4 Interface Specifications for UART

The following shows the UART communication format used in serial PROM mode.

Before on-board programming can be executed, the communication format on the
external controller side must also be set up in the same way as for this product.

Note that although the default baud rate is 9600 bps, it can be changed to other values as
shown in Table 2.16.5. The Table 2.16.6 shows an operating“requency and baud rate in
serial PROM mode. Except frequency which is not described in Table 2.16.6 can not use in

serial PROM mode.

Baud rate (Default): 9600 bps
Data length: 8 bits

Parity addition: None

Stop bit length: 1 bit

Table 2.16.5 Baud Rate Modification-Data

Baud rate modification data 04H 05H 06H O7H OAH A8H 28H
Baud rate (bps) 76800 62500 57600 38400 31250 19200 9600
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Table 2.16.6 Operating Frequency and Baud Rate in Serial PROM Mode
Reference Baud Rate
(bps) 76800 62500 57600 38400 31250 19200 9600
Baud Rate
(Note 3| Modification Data 04H 05H 06H O7H OAH 18H 28H
Ref. Baud
Area
Frequency rate | (%) |(bps)| (%) | (bps)| (%) | (bps)| (%) | (bps)| (%) |(bps)| (%) |(bps)| (%)
i) | M| (ops)
1 2 1.91~2.10 — — — — — — — — — — A — 9615 [ +0.16
, 1 3.82~4.19 [ - - - - - - - - | 31850/ 0.00\ [ 19231 | +0.16 | 9615 | +0.16
4.19 382~4.19 | - - - - - - - > 32734 { +4.75 [ 20144 | +4.92 | 10072 | +4.92
3 4.9152 4.70~5.16 — — — — — — 38400 | 0.00 = — 19200 | 0.00 | 9600 | 0.00
5 4.70~5.16 — — — — — — 39063 | +1.73 — — 19531 | +1.73 | 9766 | +1.73
4 6 5.87~6.45 — — — — — — - > — — — — 9375 | -2.34
6.144 5.87~6.45 — — — — — — - — — — — ~ 9600 | 0.00
5 7.3728 7.05~7.74 — — — 57600 | 0.00 < — — 19200 . 0.00 [Y9600 | 0.00
6 8 7.64~8.39 — — 62500 [ 0.00 — 38462/| +0.16 | 31250 | 0.00 419231 | +0.16 | 9615 | +0.16
L |ossoe 9.40~10.32[ 76800 | 0.00 | - - - - \38400])0.00 | - - \|\9200 | 000 | 9600 | 0.00
10 9.40~10.32[ 78125 | +1.73 | - - - —[3%063}41.73 | - > | 19531 )+1.73 | 9766 [ +1.73
12 11.75~12.90 - - - - |57692| 40.16 [\ - [31250 0,00 18750 <2.34 | 9375 | -2.34
8 |12.288 11.75~12.90 - - - - |s9077/ 256 - — | 32000(] +2:40 {19200 | 0.00 | 9600 [ 0.00
125 11.75~12.90 - - | 60096 | -3.85 | 60096 [~+4.33 |7 - - | 30048+{=3.85'|/19531 | +1.73 | 9766 | +1.73
9  |147456  |14.10~1548| - - - - [57600| 0:00 | 38400 0.00 /= = |19200| 0.00 | 9600 | 0.00
10 16 15.27~16.77] 76923 | +0.16 | 62500 [ 0.00 - — 38462 | +0.16 | 31250 |) 0.00 [ 19231 | +0.16 | 9615 [ +0.16

Note 1: “Ref.Frequency™and “Area” show/the high frequency area supported in serial
PROM modg, Exceptthe above frequency can not be supported in serial PROM
mode even\though the high frequency is’included in area from 2 MHz to 16
MHz.

Note 2: The total_error of frequeficy “must be kept within +/-3% so that the
auto-detection of frequengy-is'executed correctly.

Note-3>An\ external controller’,should transmit a matching data repeatedly till the
TMPR86FM29 transmitVan Jecho back data. Above number indicates a
transmission number-of times of matching data till transmission of echo back
data.

2.16.5 Command

There are five commands in serial PROM mode. After reset release, the TMP86FM29
waits a matching data (5AH):

Table2.16.7 Command in Serial PROM Mode

Command-Data

Operatien;Mode Remarks

5AH Setup Matching data. Always start with this command after reset release.
30H FLASH memory writing Writing to area from 8000H to FFFFH is enable.
60H RAM loader Writing to area from 0050H to 062FH is enable.

The checksum of entire FLASH area (from 8000H to FFFFH) is
90H FLASH memory SUM output .

output in order of the upper byte and the lower byte.

o Product discrimination code, that is expressed by 13 bytes data, is

COH Product discrimination code output

output.
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2.16.6 Operation Mode

There are four operating modes in serial PROM mode: FLASH memory writing mode,
RAM loader mode, FLASH memory SUM output mode and Product discrimination code
output mode. For details about these modes, refer to “(1) FLASH memory writing mode”
through “(4) Product discrimination code output mode”.

(1)

)

3)

(4)

FLASH memory writing mode

The data are written to the specified FLASH memory\ addresses. The controller
should send the write data in the Intel Hex format (Binary)-For-details of writing data
format, refer to “2.16.7 FLASH memory Writing Data Format™,

If no errors are encountered till the end record;.the SUM of 32 Kbytes of FLASH
memory is calculated and the result is returned ta the controller.

To execute the FLASH memory writing mode;—the TMP86FM29 checks the
passwords except a blank product. If the passwords did not match, the program is not
executed.

RAM loader mode

The RAM loader transfers the data-inte the internal RAM that-has’been sent from
the controller in Intel Hex format. \WWhen the transfer has terminated normally, the
RAM loader calculates the SUM<%nd sends the result to.the‘controller before it starts
executing the user program. After sending of SUM; the pregram jumps to the start
address of RAM in which thefirst tramsferred data has/been written. This RAM loader
function provides the user’'s own-way to control-en-board-programming.

To execute the RAM loader mode, the TMP86FMR29 checks the passwords except a
blank product. If the passwords did not match, the program is not executed.

FLASH memory SUM output mode

The SUM of 32 Kbytes/of FLASH miemory s calculated and the result is returned to
the controller.

The " BOOT 'ROM /does not support the/reading function of the FLASH memory.
Instead, it lhas this SUM.command to use. By reading the SUM, it is possible to
mahage/Revisions of application programs.

Product diserimination-code output mode

The product discrimination. code is output as a 13-byte data, that includes the start
address/and the end jaddress of ROM (In case of TMP86FM29, the start address is
8000H and the end“address is FFFFH). Therefore, the controller can recognize the
device information by using this function.
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2.16.6.1 FLASH Writing Mode (Operation command: 30H)
Table 2.16.8 shows FLASH memory writing mode process.

Table 2.16.8 FLASH Writing Mode Process

Number of Bytes Transfer Data from External Baud Rate Transfer Data from TMP86FM29 to
Transferred Controller to TMP86FM29 External Controller
BOOT 1st byte Matching data (5Ah) 9600 bps — (Baud rate auto set)
ROM 2nd byte - 9600 bps OK: Echo back data (5AH)
Error: Nothing transmitted
3rd byte Baud rate modification data 9600 bps =
(See Table 2.16.5)
4th byte - 9600 bps OK~Echo back data
Error: A1H x 3, A3H x 3, 62H x 3
(Note 1)
5th byte Operation command data (30H) Changed newbaud rate -
6th byte - Changed new baud rate OK: Echo hack data-(30H)
Error: ALHx 3, ABH % 3, 63H x 3
(Note 1)
7th byte Address 15 to 08 in which to store| Changed’new baud rate -
8th byte Password count (Note 4) Changed-new baud rate QK:.Nothing tfansmitted
Error: Nothing transmitted
9th byte Address 07 to 00 in which to store[ /Changed new baud rate -
10th byte Password count (Note 4) Changed new baud rate OK: Nothing transmitted
Error: Nothing transmitted
11th byte Address 15 to 08 in which te start| ~Changed new baud rate =
12th byte Password comparison (Note 4) Changed péw baud. rate OK: Nothing transmitted
Error: Nothing transmitted
13th byte Address 07 to 00 in'which-to start| Changed-new baud rate -
14th byte Password comparison (Note 4) Changed new-baud rate OK: Nothing transmitted
Error: Nothing transmitted
15th byte Password string (Nate 5) Changed new baud rate -
m’th byte - Changed-new baud rate OK: Nothing transmitted
Error: Nothing transmitted
m'th + 1 byte Intel Hex fermat (binary) Changed new baud rate -
: (Note-2)
n'th — 2 byte
n'th — 1 byte < Changed new baud rate OK: SUM (High) (Note 3)
Error: Nothing transmitted
n'th byte - Changed new baud rate OK: SUM (Low) (Note 3)
Error: Nothing transmitted
n'th + 1-byte (Wait for the next(operation) Changed new baud rate -
(command data)

Note 1:“xxH x3"denotes that operation stops after sending 3 bytes of xxH. For details,
refento.“2.16.8 Error Code”.

Note 2:{Refer to “2.16.10 Intel Hex Format (Binary)”.
Note 3: Refer to “2.16.9 Checksum (SUM)".
Note 4: Refer to “2.16.11 Passwords”.

Note 5:If all data of addresses from FFEOH to FFFFH are “O0H” or “FFH”, the
passwords comparison is not executed because the device is considered as
blank product. However, it is necessary to specify the password count storage
addresses and the password comparison start address even though it is a blank
product. If a password error occurs, the UART function of TMP86FM29 stops
without returning error code to the controller. Therefore, when a password error
occurs, the TMP86FM29 should be reset by RESET pin input.
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Description of FLASH memory writing mode

1.

10.

The receive data in the 1st byte is the matching data. When the boot program
starts in serial PROM mode, TMP86FM29 (Mentioned as “device” hereafter) waits
for the matching data (5AH) to receive. Upon receiving the matching data, it
automatically adjusts the UART's initial baud rate to 9,600bps.

When the device has received the matching data, the device transmits the data
“5AH” as an echo back to the controller. If the device can not receive the matching
data, the device does not transmit the echo back data and waits for the matching
data again with changing baud rate. Therefore, the controller should send the
matching data continuously until the device tranmsmits.the echo back data. An
external controller should transmit a matching data repeatedly till the device
transmit an echo back data. The transmission-number-of times of matching data
varies by the frequency of device. For details,\refer to.Table 2.16.6.

The receive data in the 3rd byte is the paud.rate 'modificationdata. The seven
kinds of baud rate modification data shown in Table 2.16.5 are \available. Even if
baud rate changing is no need, be sure-to~send the initial lbaud rate data (28H:
9,600 bps).

When the 3rd byte data is one of/the baud-rate modification data'corresponding to
the device's operating frequency, the device sends the echo-back-data which is the
same as received baud rate modification data. Then'the-baud rate is changed. If
the 3rd byte data does not.correspond to the baud rate/modification data, the
device stops UART function after sending 3 bytes/of baud rate modification error
code: (62H). The changing.of baud rate is executed after transmitting the echo
back data.

The receive data in the 5th'byte is the’eommand data (30H) to write the FLASH
memory.

When the 5th/byte’is one of the operation command data shown in Table 2.16.7,
the device sends the echo back{data.which is the same as received operation
command-data.(in this case, 30H). \If.the’5th byte data does not correspond to the
operation‘command data, thedevice stops UART function after sending 3 bytes of
operation command error code;/(63H).

The 7th byte is used as-an-upper-bit (Bitl5 to bit8) of the password count storage
address. When the receiving is executed correctly (No error), the device does not
send any data. If the-receiving error or password error occur, the device does not
send any data and stops UART function.

The 9th byte is used as a lower bit (Bit7 to bit0) of the password count storage
address. When the_receiving is executed correctly (No error), the device does not
send any data:-If.the receiving error or password error occur, the device does not
send @ny.data and stops UART function.

The 11thhyte is used as an upper bit (Bitl5 to bit8) of the password comparison
start address: When the receiving is executed correctly (No error), the device does
not send any data. If the receiving error or password error occur, the device does
not send any data and stops UART function.

The 13th byte is used as a lower bit (Bit7 to bit0) of the password comparison start
address. When the receiving is executed correctly (No error), the device does not
send any data. If the receiving error or password error occur, the device does not
send any data and stops UART function.
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11.

12.

13.

14,

The 15th through the m'th bytes are the password data. The number of passwords
is the data (N) indicated by the password count storage address. The password
data are compared for N entries beginning with the password comparison start
address. The controller should send N bytes of password data to the device. If the
passwords do not match, the device stops UART function without returning error
code to the controller. If the data of addresses from FFEOH to FFFFH are all
“FFH”, the comparison of passwords is not executed because the device is
considered as a blank product.

The receive data in the m'th + 1 through n’th — 2 byte are-received as binary data
in Intel Hex format. No received data are echoed pack to the controller. The data
which is not the start mark (3AH for “:”) in“lntel Hex format is ignored and does
not send an error code to the controller until the device receives the start mark.
After receiving the start mark, the device receives the.data record, that consists of
length of data, address, record type, writing-data and checksum. After receiving
the checksum of data record, the device‘waits-the start mark|data. (3AH) again.
The data of data record is temporarily stored to RAM and then, is written to
specified FLASH memory by page/(64\ bytes) writing—~For “details of an
organization of FLASH, refer to “2.16.7-Serial PROM/Mode”_Since)after receiving
an end record, the device starts to calculate the SUM, the contreller should wait
the SUM after sending the end-record.”If receive error or-Intel Hex format error
occurs, the device stops UART function without “returning error code to the
controller.

The n'th — 1 and the nith-hytes are the SUM- valué that is sent to the controller in
order of the upper byte-and the lowgr/byte. "For details on how to calculate the
SUM, refer to “2.16.9 Checksum (SUM)*.The SUM calculation is performed after
detecting the end\record, but the calculation-is'not executed when receive error or
Intel Hex format error-has occurred. The time required to calculate the SUM of
the 32 Kbytes of FLASH memory area is approximately 100 ms at fc = 16 MHz.
After the SUM-calcdlation, the devicesends the SUM data to the controller. After
sending( the end record, the controller can judge that the transmission has been
terminated-cofrectly by recgiving the checksum.

After sending the SUM;the.dévice/waits for the next operation command data.
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2.16.6.2 RAM Loader Mode (Operation Command: 60H)
Table 2.16.9 shows RAM loader mode process.

Table 2.16.9 RAM Loader Mode Process

Number of Bytes

Transfer Data from External

Transfer Data from TMP86FM29 to

Transferred Controller to TMP86FM29 Baud Rate External Controller
BOOT 1st byte Matching data (5AH) 9600 bps — (Baud rate auto set)
ROM 2nd byte - 9600 bps OK: Echoback data (5AH)

Error:‘Nothing transmitted

3rd byte Baud rate modification data 9600 bps -

(See Table 2.16.5)

4th byte - 9600 bps OK? Echo back data
Error: A1H x 3, A3H x 3, 62H x 3
(Note 1)

5th byte Operation command data (60H) Changed new/baud rate -

6th byte - Changed neW baud rate OK: Echo back data-(60H)
Error: A1H>x~3,°A3H x 3, 63H x 3
(Note 1)

7th byte Address 15 to 08 in which to store| Changed'new baud rate >

8th byte Password count (Note 4) Changed newbaud rate OK:Nething transmitted
Error: Nething transmitted

9th byte Address 07 to 00 in which to storef\ (Changed new baud rate -

10th byte Password count (Note 4) Changed new baud rate OK;-Nothing transmitted
Error: Nothing transmitted

11th byte Address 15 to 08 in whichto_start| Changed new baud rate —

12th byte Password comparison (Note 4) Changed new baud rate OK: Nothing transmitted
Error: Nothing transmitted

13th byte Address 07 to 00 in which\to,start| Changed new baud rate -

14th byte Password comparison (Note /4) Changed new baudfate OK: Nothing transmitted
Error: Nothing transmitted

15th byte Password string (Note 5) Changed hew baud rate -

m’'th byte - Changed new baud rate OK: Nothing transmitted
Error: Nothing transmitted

m’'th + 1 byte Intel Hex format (Binary) Changed new baud rate -

: (Mote-2)

n'th — 2 byte

n’'th — 1 byte - Changed new baud rate OK: SUM (High) (Note 3)
Error: Nothing transmitted

n'th byte - Changed new baud rate OK: SUM (Low) (Note 3)
Error: Nothing transmitted

RAM — The program jumps to the start address of RAM in which the first transferred data has been written.

Note 1:xxH x 3™denotes that operation stops after sending 3 bytes of xxH. For details,
refento.2.16.8 “Error Code”.

Note 2:'Referto 2.16.10 “Intel Hex Format (Binary)”.
Note 3: Refer to 2.16.9 “Checksum (SUM)".
Note 4: Refer to 2.16.11 “Passwords”.

Note 5:If all data of addresses from FFEOH to FFFFH are “O0H” or “FFH”, the
passwords comparison is not executed because the device is considered as
blank product. However, it is necessary to specify the password count storage
addresses and the password comparison start address even though it is a blank
product. If a password error occurs, the UART function of TMP86FM29 stops
without returning error code to the controller. Therefore, when a password error
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occurs, the TMP86FM29 should be reset by RESET pin input.

Note 6: Do not send only end record after transferring of password string. If the
TMP86FM29 receives the end record only after reception of password string, it
does not operate correctly.

Note 7: When the FLASH power supply is turned off in user's program by setting
EEPCR<MNPWDW?>, be sure to disable the watchdog timer (WDT) or to clear
the binary counter of WDT immediately before.

Description of RAM loader mode

1.

The process of the 1st byte through the 4th yte are/the same as FLASH memory
writing mode.

The receive data in the 5th byte is the RAM loader)command data (60H) to write
the user’s program to RAM.

When the 5th byte is one of the operation.command data shown in~Table 2.16.7,
the device sends the echo back data which>js the same as received operation
command data (in this case, 60H). Ifithe 5th byte data does not correspond to the
operation command data, the deyice stopsS UWART function after’sénding 3 bytes of
operation command error code: (63H).

The process of the 7th byte through.the m'th byte are'the-same as FLASH memory
writing mode.

The receive data in the m’th + T.through n'th — 2byte are received as binary data in
Intel Hex format. No,received-data are’echeed-back te'the controller.

The data which is not the-start mark (3AH for\"Y") in Intel Hex format is ignored
and does not send an error code to the controller until the device receives the start
mark. After receiving the start mark, the deyvice receives the data record, that
consists of length of data, address, fecord type, writing data and checksum. After
receiving the\checksum of data record; the device waits the start mark data (3AH)
again. The-data of data record-is written’to specified RAM by the receiving data.
Since_aftef/receiving an end-record;-the device starts to calculate the SUM, the
controller shedld wajt the SUM after sending the end record. If receive error or
tntel Hex-format error.gecurs,the’ UART function of TMP86FM29 stops without
returning error code-to-the-controller.

The n'th — 1 and the-n'th bytes are the SUM value that is sent to the controller in
order of the upper byte~and the lower byte. For details on how to calculate the
SUM, refer to 2(16.9 “Checksum (SUM)”. The SUM calculation is performed after
detecting the end record, but the calculation is not executed when receive error or
Intel Hex fermat error has occurred.

The/SUM is.calculated by the data written to RAM, but the length of data, address,
record type and checksum in Intel Hex format are not included in SUM.

The boot program jumps to the first address that is received as data in Intel Hex
format after sending the SUM to the controller.

86FM29-162 2004-03-01



TOSHIBA TMP86FM29

2.16.6.3 FLASH Memory SUM Output Mode (Operation Command: 90H)
Table 2.16.10 shows FLASH memory SUM output mode process.

Table 2.16.10 FLASH Memory SUM Output Process

Number of Bytes Transfer Data from External Baud Rate Transfer Data from TMP86FM29 to
Transferred Controller to TMP86FM29 External Controller
BOOT 1st byte Matching data (5AH) 9600 bps — (Baud rate auto set)
ROM 2nd byte - 9600 bps OK:(Echoback data (5AH)
Error:"Nothing transmitted
3rd byte Baud rate modification data 9600 bps >
(See Table 2.16.5)
4th byte - 9600 bps OK:_Echo back data
Error: A1H x 3, A3H x 3, 62H x 3
(Note 1)
5th byte Operation command data Changed new paud rate -
6th byte (90H) Changed newbaud rate OK: Echo back data (90H)
- Error: A1H %3,~A3H x 3, 63H x 3
(Note 1)
7th byte - Changed Hew baud rate OK: SUM_(High) (Note 2)
Erfor=Nothing/fransmitted
8th byte - Changed new baud rate OK: SUM (Low)-(Note 2)
Error:_Nothing transmitted
9th byte (Wait for the next operation) Changed’new baud rate =
(Command data)

Note 1: “xxH x 3" denotes that operation stops after sending 3 bytes of xxH. For details,
refer to “2.16.8 Error.Code”.

Note 2: Refer to “2.16.9 Checksum (SUM)”

Description of FLASH memory SUM output mode
1. The process of the 1st byte through-the 4th byte are the same as FLASH memory
writing mode:

2. Thereceive data in the 5th byte-is the-FLASH memory SUM command data (90H)
to calculate the entire FLASH memory.

3. "WHhen the 5th byte is one of the-operation command data shown in Table 2.16.7,
the "device sends.the-echo bagk data which is the same as received operation
command data (in this case, 90H). If the 5th byte data does not correspond to the
operation command data;-the device stops UART function after sending 3 bytes of
operation command error code: (63H).

4) \ The 7th and the8th bytes are the SUM value that is sent to the controller in order
of the uppéer byte and the lower byte. For details on how to calculate the SUM,
referto /2.16.9 Checksum (SUM)”.

5. After éending the SUM, the device waits for the next operation command data.

86FM29-163 2004-03-01



TOSHIBA

TMP86FM29

2.16.6.4 Product Discrimination Code Output Mode (Operation Command: COH)

Table 2.16.11 shows product discrimination code output mode process.

Table 2.16.11 Product Discrimination Code Output Process

Description of product discrimination code output mode

I

refer to “2.16.8 Errer Code”.

Number of Bytes Transfer Data from External Baud Rate Transfer Data from TMP86FM29 to
Transferred Controller to TMP86FM29 External Controller
BOOT 1st byte Matching data (5AH) 9600 bps —(Baud rate auto set)
ROM 2nd byte - 9600 bps OK: Echo back data (5AH)
Error:-Nothing transmitted
3rd byte Baud rate modification data 9600 bps >
(See Table 2.16.5)
4th byte - 9600 bps OK? Echo back data
Error: A1H x 3, A3H x 3, 62H x 3
(Note 1)
5th byte Operation command data Changed new baudrate -
6th byte (COH) Changed néew baud rate OK: Echorback data (COH)
- Error: ATH % 3;.A3H x 3, 63H x 3
(Note 1)
7th byte Changed new baud rate 3AH \;-Starymark
8th byte Changed new baud rate OAH The (hurber of transfer data
i (from gth to 18th byte)
9th byte Changed new baud rate 0%H- | Length of address (2 bytes)
10th byte Changed new baud rate 00H i Reserved data
11th byte Changed new baud rate Q0H : Reserved data
12th byte Changed new-baud rate 00H | Reserved data
13th byte Changed’néw baud rate 00H , Reserved data
14th byte Changed new baud rate 01H 1 The number of ROM block
i (L block)
15th byte Changed new baud rate 80H First address of ROM
16th byte Changed new baud rate 00H :
17th byte Changed new baud rate FFH ! End address of ROM
18th byte Changed-new baud rate FFH |
19th byte €hanged new baud rate 7FH | Checksum of transferred
: data (from 9th to 18th byte)
20th byte (Wait for the next operation) Changed new baud rate -
(Command data)
Note: ~"xxH x 3” denotes-that operation stops after sending 3 bytes of xxH. For details,

The process of‘the 1st byte through the 4th byte are the same as FLASH memory

writing mode

The| receive.data in the 5th byte is the product discrimination code output

command.data (COH).

When the 5th byte is one of the operation command data shown in Table 2.16.7,
the device sends the echo back data which is the same as received operation
command data (in this case, COH). If the 5th byte data does not correspond to the
operation command data, the device stops UART function after sending 3 bytes of
operation command error code: (63H).

The 7th and the 19th bytes are the product discrimination code. For details, refer
to0 2.16.12 “Product Discrimination Code”.

After sending the SUM, the device waits for the next operation command data.
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2.16.7 FLASH memory Writing Data Format

FLASH area of TMP86FM29 consists of 512 pages and one page size is 64 bytes.

Writing to FLASH is executed by page writing. Therefore, it is necessary to send 64 bytes
data (for one page) even though only a few bytes data are written. Figure 2.16.5 shows an
organization of FLASH area. When the controller sends the writing data to the device, be
sure to keep the format described below.

1. The address of data after receiving the FLASH writing command should be the first
address of page. For example, in case of page 2, the first address-should be 8080H.
2. If the last data’s address of data record is not end address/of page, the address of the
next data record should be the address + 1. For example,-if'the last data’s address is
802FH (Page 0), the address of the next data record'should be 8030H (Page 0).
EX)
:10802000202122232425262728292A2B2C2D2ERFDS, ( (8026 t0 802FH data
:101803000303132333435363738393A3B3C3D3E3FC8 . 8030H to 803FH data
3. The last data’s address of data record /iimmediately before sending the end record
should be the last address of page. For €xample, in case of \page 1,-the last data’s
address of data record should be 807FH.
EX)
:10807000303132333435363738393A3B3C3D3E[BF88 ' 8070H to 807EH data
:00000001FF " End record
Note: Do not write only(the-addresses from FFEOH to-FEFFH when all data of FLASH
memory are the same data. If these area areonly written, the next operation can
not be executed-because of password error.
Address 0 1 2 3 4 5 6 7 8 9 A B C D E F
8000H | F_4 . [T N L b RN T I S I b .
8010H ' : : ' ' . : h : : ' ' : :
Tt T T T rT T TAT T T T TR IV T T T T PageO | S e e D D e
8020H 1 1 1 1 t 1 1 1 1 1 1 1 1 1
i Sl Sl Rl i a0 Bt Ralae By Sl oy Sl e Sy S S R
8030H 1 1 1 i 1 1 1 i 1 1 1 1 1 1 1 E
8040H | B & A/ u ) st WL A Ul Moo
8050H 1 ! 1 1 1 i 1 1 1 1 1 1 1 1
e e T e N B
8060H 1 1 1 1 1 1 i 1 1 1 1 1 1 1
I I B A R ettty BN e A R R R I D R R
8070H 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 E
8080H | F L NS b A b
8090H [ Z L 3 U A pagez beeodemmbeoedeoodboodbooid
80AOH | /v /) I O . R T R b Vo .
80BOH ' : : ' ' : : ' ' ; ; ' ' ; . E
80GOH H ' ' H i ' ' H H ' ' ' H ' '
N T S B e Tl ] L S B I e R i I S B
. ] ] ] 1 1 ] ] i i ] ] i i ] ]
I____l____L____q____L___J _____ I____].____l____L____l____L___J____l____l.____l____l
i i (] i [} i i i i i i i i i i
¢ L 7 L I T
FEZ0H ' : : ' ' : : : : : : : : : e
FroH | F_ | | Y ' | | ' ' | | ' ' | |
FE90H e i S A S
S S el ittt Sttt wh S L N el i el il sl S S
FFAOH e T T S S
e A A S N o -
FFCOH | F. & 1 . R N R L L i i
1 1 1 1 1 1 1 1 1 1 1 1 1 1
FFDOH 1 1 1 1 1 1 1 1 1 1 1 1 1 1
I e N L e | PageSll r---"a~ T Tr-TTaYT T T Ty ST T YT T Tt T T T
FFEOH i i i i i i i i i i i i i i
e e e e e e e e e R e e e i (ot
FFFOH ; ; ; ; ; ; ; ; ; ; ; ; ; ; , E
Note: “F” shows the first address of each page and “E” shows the last address of each page.

Figure 2.16.5 Organization of FLASH Area
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2.16.8 Error Code

When the device detects an error, the error codes are sent to the controller.

Table 2.16.12 Error Code

Transmit Data Meaning of Transmit Data
62H, 62H, 62H Baud rate modification error occurred.
63H, 63H, 63H Operating command error occurred.
AlH, A1H, A1H Framing error in received data occurred.
A3H, A3H, A3H Overrun error in received data occurred-

Notel: If password error occurs, the TMP86FM29 doesn't send error codes.

2.16.9 Checksum (SUM)

(1) Calculation method

SUM consists of byte + byte... + byte, the checksum of which is‘returned in word as
the result.

Namely, data is read out in byte andchecksum of which isccalculated, with the result
returned in word.

Example:
A If the data to be calculated consists ‘0f'the four bytes shown
to the left, SUM of the/data‘is
B2H ATIH +B2H + C3H+ D4H = 02EAH
SUM (HIGH) = 02H
C3H
SUM (LOW) =EAH
D4H

The-SUM \réturned when exeeuting the FLASH memory write command, RAM
loader command,~or FLASH memgry \SUM command is calculated in the manner
shown-above:

(2) Calculation-data
The data from which SUM-is ealculated are listed in Table 2.16.13 below.

Table 2.16.13 Checksum Calculation Data

Operating-Mode Calculation Data Remarks

FLASH Tremory writing mode Datay in_the_entire area (32 Kbytes) of | Even when written to part of the FLASH area, data in

FLASH memory the entire memory area (32 Kbytes) is calculated.
FLASH memory-SUM output The length of data, address, record type and checksum
mode in Intel Hex format are not included in SUM.
RAM loader mode Data written to RAM The length of data, address, record type and checksum
in Intel Hex format are not included in SUM.
Product Discrimination Code Checksum of transferred data (from 9th to 18th | For details, refer to 2.16.12 Product Discrimination
Output mode byte) Code.

86FM29-166 2004-03-01



TOSHIBA

TMP86FM29

2.16.10

2.16.11

Intel Hex Format (Binary)

1. After receiving the checksum of a record, the device waits for the start mark data (3AH
for “:”) of the next record. Therefore, the device ignores the data, which does not match
the start mark data after receiving the checksum of a record.

2. Make sure that once the controller program has finished sending the checksum of the
end record, it does not send anything and waits for two bytes of data to be received
(Upper and lower bytes of checksum). This is because after/feceiving the checksum of
the end record, the boot program calculates the checksum and returns the calculated
checksum in two bytes to the controller.

3. Ifareceive error or Intel Hex format error occurs, the UART)function of TMP86FM29
stops without returning error code to the controllerIn the foHowing cases, an Intel Hex
format error occurs:

e When the record type is not 00H, 01H, or 02H
e When a SUM error occurred
e When the data length of an extendedrecord (Fype = 02H) is ot 02H

e When the address of an extended record (Type = 02H) is larderthan 1000H and
after that, receives the data record

e When the data length of the endrecard (Type = 01H) is not-00H

Passwords

The eight or more bytes consecutive data in flash- memory-area can be used as password.
In password check, TMP86FM29-compares these data\with data which are transmitted
from the external controller. The\area in which passwords can be specified is located at
addresses 8000H to FFOFH.-Fhe area from FFAOH-t0 FFFFH can not be specified as
passwords area. The device{compares the stored passwords with the passwords, which are
received from the controller. Af all data of addresses from FFEOH to FFFFH are “00H” or
“FFH”, the passwords,cemparison is notexecuted because the device is considered as blank
product. Itis necessary to specify the-password count storage addresses and the password
comparisgn start address even thoughly it is a blank product. Table 2.16.14 shows the
password setting in—the blank productand non blank product.
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Table 2.16.14 Password Setting in the Blank Product and Non Blank Product
Password Blank Product (Note 1) Non Blank Product
PNSA
8000H < PNSA < FF9FH 8000H < PNSA < FF9FH
(Password count storage addresses)
PCSA
. 8000H < PCSA < FF9FH 8000H < PCSA<FFAO-N
(Password comparison start address)
N
* 8<N
(Password count)
Setting of password No need Need (Note 2)

Note 1:

Note 2:

Note 3:
Note 4.

Note 5:

When all data of addresses from FFEOH to FFFFH area are “O0H” or “FFH”, the
device is judged as blank product.

The same three or more bytes consecutive data'ean not be used as password.
When the password includes the same consecutive data (three or more bytes),
the password error occurs. If the password error occurred, the-UART function of
device stops without returning error-code.

*: Don't care.

When the password doesn't mateh the above condition,-the /jpassword error
occurs. If the password error occurred, the UART funetion-of device stops
without returning error code.

In case of the blank/product, the device receives Intel'Hex Format immediately
after receiving PCSA without receiving password )strings. In this time, because
the device ignores the data except the start mark-data (3AH for “:") as Intel Hex
Format data, even-if-external controller transmitted dummy password strings,
process operates\correctly. However, ~if the/dummy password strings contain
data “3AH”, the-deVvice detects it as start mark data mistakenly, and device stops
process /without returning errorcode. Therefore, if these process becomes

issue, the-external controller sheuld not transmit the dummy password strings.

RXD pin T
UART | {80H | 12H | 81H] 071 [ 01+ | 021 03 [ 04H | 05H | 06H | 07H | 08H |
NS AR ]
Y
PNSA PCSA Password string
FLASH memory ;
8012H | 08H T\
! I “08H"is treated
8107H [ o1n | @s the number of ~ Comparison
8108H | 02H password.
8109H | 03H \4
810AH | 04H >
8b D —
Example 810BH [ 05H ytes
PNSA = 8012H 810CH | 06H
PCSA = 8107H
Password string = 01H, 02H, 03H, 04H, 05H, 06H, 810DH | O7H
07H, 08H 810EH | 08H | |
/\./

Figure 2.16.6 Example of password compare
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2.16.11.1 Confirmation Method of the Blank Product and Non Blank Product

The external controller can confirm whether the device is the blank product or not,
by transmission of data described below.

(1) Executes FLASH memory writing mode or RAM loader mode.
(2) Transmits the PNSA and PCSA.
(3) Transmits the end record.

(4) In case of the blank product, the device sends checksum of flash memory. In case
of the non blank product, the device doesn’t send checksum_of flash memory but
the UART function stops without sending any datal

The external controller can confirm the blank product,and non blank product by
receiving checksum.

Note: When the UART function stops in non’blank product, the TMP86FM29 should be
reset by pin reset input for restarting-the Serial PROM Modg:

2.16.11.2 Password String

A string of passwords in the received data are compared with the data in the FLASH
memory. In the following cases, a(passward error occurs:
e When the received data does not match the data in the ELASH memory

2.16.11.3Handling of Password Error

If a password error oceurs, the UART function, of TMP86FM29 stops without
returning error code to-the controller. Therefore, when a password error occurs, the
TMP86FM29 should he reset)by RESET pin input:

2.16.12 Product Discrimination Code

The product discrimination code is a 13-byte data, that includes the start address and the
end address of RONI. Table 2.16.15 shows, the-product discrimination code format.

Table 2.16.15 Product-Diserimination Code Format

Data The Meaning-of Data In Case of TMP86FM29
1st Start Mark (3AH) 3AH
2nd The number of transfer data (from 3rd to 12th byte) 0AH
3rd Length of address 02H
4th Reserved data 00H
5th Reserved data 00H
6th Reserved data 00H
7th Reserved data 00H
8th The number of ROM block 01H
9th The upper byte of the first address of ROM 80H
10th The lower byte of the first address of ROM 00H
11th The upper byte of the end address of ROM FFH
12th The lower byte of the end address of ROM FFH
13th Checksum of transferred data (from 3rd to 12th byte) 7FH
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2.16.13 Flowchart

UART data receive

Receive
data = “5AH"

Yes

Noﬁ

Change baud rate
(Adjust to 9600 baud
source clock)

UART data transmit
(Transmit data = “5AH”")

| UART data receive |

UART data transmit

(Echoed back the baud
rate modification data)

Change baud rate by
receive data

_

\ll
(€

| UART data receive |

N

5

5

\

Receive data = 30H

Receive data = 60H

Receive data = 90H

Receive data = COH

(Transmit data = 30H)

(Transmit data= 60H)

(Transmit data = 90H)

(FLASH memory (RAM loader (FLASH SUM (Product discrimination
writing mogde) mode) output mode) code output mode)
UART data transmit UART datatransmit UART data transmit UART data transmit

(Transmit data = COH)

Password-certification
(Compare receive data
and ELASH data)

Password certification
(Compare receive data
and FLASH data)

UART-data receive
(Intel Hex format)

UART data receive
(Intel Hex format)

FLASH write process

RAM write process

UART data transmit
UART data transmit UART data transmit UART data transmit (Product discrimination
(Check-sum) (Check sum) (Check sum) code)
Jumps to start address
of user program
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2.16.14

UART Timing

Table 2.16.16 UART Timing-1 (VDD =2.7 V t0 3.6 V, fc = 2 MHz to 16 MHz,Ta = 25°C)

The Number of [ Required Minimum Time
Parameter Symbol Clock (f
ock (fc) At fc=2MHz | Atfc =16 MHz

Time from the reception of a matching data until the

CMeb1 Approx. 600 300 ps 37.5ps
output of an echo back
Time from the reception of a baud rate modification data

. CMeb2 Approx. 700 350 us 43.7 us

until the output of an echo back
Time from the reception of an operation command until

CMeb3 Approx. 600 300 ps 37.5ps
the output of an echo back
Calculation time of checksum CKsm Approx. 1573000 786.5 ms 98.3 ms

Table 2.16.17 UART Timing-2 (VDD =2.7 Vt0 3.6 V, fc'=2 MHZ to 16 MHz,Ta = 25°C)

The-Number | Regdired-Minimum Time
Parameter Symbol £ Clock (f
of Clock (fo). | adté— 2 Mz | Atic = 16 MHz
Time from reset release until acceptance of start bit of RXD pin RXsup. 110000 55ms 6.9 ms
Time between a matching data and the next matching data CMtrl 28500 14.3.ms 1.8 ms
Time from the echo back of matching data until the acceptance
- CMtr2 600 300 ps 37.5ps
of baud rate modification data
Time from the output of echo back of baud rate modification
. . CMtr3 750 375 ps 46.9 ps
data until the acceptance of an operation command
Time from the output of echo back of operation command until
CMtr4 950 475 ps 59.4 us
the acceptance of Password count storage addresses
, RXsup CMmtr2 CMmtr3 , CMtr4 |
1 I
RESET pin | | | | | | ! !
(TMP86FM29) / : P P ! !
| /(5AH) | (28H) L1 (30m) ! :
RXD pin (TMP86FM29) : ! i L
(5AH)! : (28H) | : (30H)
TXD pin (TMP86FM29) | |
<~ <>
1 1 1 1
CMeb2 CMeb3
(5AH) (5AH) (5AH)
RXD pin (TMP86FM29) l ||| || ||
I ]
TXD pin (TMR86FM29) >
' CMtrl '
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Input/Output Circuitry

(1) Control pins
The input/output circuitries of the TMP86FM?29 control pins are shown below.

Control Pin 1/0 Input/Output Circuitry Remarks
Osc. enable —’—_Do—ﬂ—) fc
VDD — W——o VDD
Rt Ro Resonatoer/connecting pins
XIN Input ! (high-frequency)
XOUT Output Rf =3 MQ (typ.)
Ro =1kQ (typ.)
O
XIN XOouT
NORMAL1 NORMAL2 mode
mode
osc. ")__DEEP——” % fs
enable ResoOnator connecting pins
— \W——
XTIN Input vbD L VDD (Low-frequency)
XTOUT Output | Refer to R Rf RO R¢ = 20 MQ/(typ.)
port P2 4 Ro.=220KQ (typ.)
O
XTIN XTOUT
VDD
RIK Sink open drain output

Hysteresis input

- Address-trap-reset
RESET 110
Watchdog-timer .
Pull-up resistor
System-clock-reset

RN = 220 kQ (typ.)

VDD
STOP /INT5 nput [: 1 Hysteresis input
P20 e
|
STOP /INT5 _@'
VDD
Pull-down resistor
TEST Input

RiN = 70 kQ (typ.
RN IN (typ.)
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(2) Input/Output Ports
Port 1/0 Input/Output Circuitry Remarks
Initial “High-Z” Sink open drain output
P1LCR Hysteresis input
SEG output
P1 /o Data output
Input from output latch
Pin input @
Initial “High-Z” Sink open drain output
P5/P7LCR
SEG output
PS 1/0 D
P7 Data output
Input from output latch
Pin input Q
Initial “High-z” VDD Sink-open drain output
Hysteresis input
—1
P2 110 Data output
Input from output latch
Pin input @
Initial “High-2" Sink open drain or
VDD C-MOS output
Pch Control >—,_D0—| Hysteresis input
Data\output 0 High current output (Nch)
P3 110 Input front eutplit latch [: a (Programmable port option)
Pin input @
Initial “High-z” VDD Tri-state 1/0
Data OUtpUt—”—,Jjo—l Hysteresis input
1
P6 1o Disable —o:DO_I
Pif input @
Note:~ Port P1, P5 and P7 afe sink-open drain output. But they are also used as a segment output of

LCD. Therefore, absolutemaximum ratings of port input voltage should be used in —0.3 to Vpp

+0.3[V].

86FM29-173

2004-03-01



TOSHIBA TMP86FM29

Electrical Characteristics

| Absolute Maximum Ratings | (Vss=0V)

Parameter Symbol Pins Rating Unit
Supply voltage Vop 031040
Vi cbp V3 pin -0.3t0 4.0 Vv
Input voltage VIN =0.3to Vpp+0.3
Output voltage VouT1 #03toVpp+ 0.3
louT1 P3, P6 ports -1.8
Output current (Per 1 pin) louT?2 P1, P2, P5, P6, P7 ports 3.2
louT3 P3 ports 30 mA
Output current (Total) Zlout2 | P1, P2, P5, P6, P7 ports 60
ZlouTt3 | P3 ports 80
Power dissipation [Topr = 85°C] PD 350 mW
Soldering temperature (Time) Tsld 260 (10's)
Storage temperature Tstg -55 t6.125 °C
Operating temperature Topr —4040 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 perfermance 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-1 (MCU mode) | (Vss =0V, Topr = —40 to 85°C)
Parameter [Symbol Pins Condition Min Max Unit
fc = 16 MHz NORMAL1, 2 mode 27
IDLEOQ, 1, 2 mode
fc =8 MHz NORMAL1, 2 mode
(In case of connecting
the resonator) IDLEO, 1, 2 mode 8
Supply voltage Vbb fc=42MHz | NORMAL1, 2 mode ’ 3.6
(In case of external
clock input) IDLEO, 1, 2 mode
fs = SLOW1, 2 mode
32.768 kHz SLEEPO,4,2 mode 1.8 v
STOP mode
V Except Hysteresis input V 0.70
. IH1 xcept Hy: is inpu Vop2 2.7V DD X
Input high level VIH2 Hysteresis input Vpp x 0.75 Vpp
VIH3 Vpp<27V Vpp x 0.90
V Except Hysteresis input V 0.30
IL1 pt Hy: p Vpp =27V DD X
Input low level VL2 Hysteresis input 0 Vppx 0.25
VL3 Vpp<27V Vppx 0.10
Clock frequency fo XIN. XOUT Vpp =1.81p 36V N 8.0 MHz
(In case of connecting ’ VDD =2.7103.6 V ) 16.0
the resonator) fs XTIN, XTOUT Vpp =4.8 to 3.6V 30.0 34.0 kHz
Clock frequency fo XIN. XOUT Vpp=1.8103.6V 0 4.2 MHz
(In case of external ’ Vppg =2.740 36 V ' 16.0
clock input) fs XTIN, XTOUT Vpp=1.8t03.6V 30.0 34.0 kHz
LCD ref Booster-circuit is enable
reterence V1 0.8 12 v
voltage (V3.=VpD)
Capacity for LCD LCD booster circuit is enable
C 0.1 0.47 F
booster circuit LCD (V3 2Vpp) Y

Note:

The recommended operating conditions for a device.are operating conditions under which it can be

guaranteed that the device will operate as specified.Hfthe device is used under operating conditions
other than the recommefnded, operating conditiens*(Supply voltage, operating temperature range,
specified AC/DC values. ete?)/ malfunction may 6ccur. Thus, when designing products which include
this device/ ensure that-the recommended operating conditions for the device are always adhered

to.

Recommended. Operating Condition-2 (Serial PROM mode) | (Vss =0V, Topr=25°C + 5°C)

Parameter —{Symbal Pins Condition Min Max Unit
Supply._veltage VDD 2 MHz < fc <16 MHz 2.7 3.6 \%
Clock frequency. fo | XIN,XGUT VDD=27t03.6V 2.0 16.0 MHz

Note:

The operating temperature’area of serial PROM mode is 25°C + 5°C and the operating area of high
frequency of serial PROM mode is different from MCU mode.
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| DC Characteristics | (Vss =0V, Topr =-40 to 85°C)
Parameter Symbol Pins Condition Min | Typ. | Max | Unit
Hysteresis voltage VHs Hysteresis input Vpp=3.3V - 0.4 - V
lIN1 TEST Vpp=36V,ViN=0V - - -5
Input current lIN2 Sink open drain, Tri-state | Vpp=3.6V,V|N=3.6V/0V - - +5 pA
) RiN1 | TEST pull down Vpp=36V,VN=36V - 70 —
Input resistance ——— kQ
RiN2 | RESET pull up Vpp=36V,V|N=0V 100 220 450
High frequency
R Vpp=3.6V + -
feedback resistor FB XOUT D 3 MO
Low frequency
R Vpp=3.6V - -
feedback resistor FeT | XTOUT D 20
Output leak Vpbp=3.6V
Hiput leakage ILo Sink open drain, Tri-state bb - - +10 pA
current Vout = 3.4V/02'V
Output high voltage Von |CMOS, Tri-state Vpp = 3.6 Vstop==0.6,mA 3.2 - - Vv
Output low voltage VoL | Except XOUT, P3 port Vpp = 3.6V, Jor £0,9 mA £ — 0.4
Output low current loL P3 port Vpp =3.6 Vs Vor=1.0V - 6 - mA
LCD output voltage V2 pin V3 2\\pp SO Wx2 | -
(LCD booster is V2.30UT ‘ Réference supply pin: V1 \Y
enable) V3 pin SEG/COM.pin: No load ) V1x3 -
Supply current in Fetch | Flash area [ Vpp =36 V MNP =/1” < 5.3 7.3
NORMAL 1, 2 mode area | RAM areal | ViN=3.4 V/0.2V MNP < 0" - 34 | 52 |
Supply current in fe= 16 MHz MNP-ATR=1" - 3.1 5.2
IDLE 0O, 1, 2 mode fs=32.768 kHz [MNPsATP =“0"| - 2.2 4.2
Supply current in Fetch |/Flash.area MNP =/1" — 850 1200
SLOW 1 mode area |\ RAM area MNPZ 0" ~ 7 19
Suppl ti VoD =30V TyNPATP = 1" 850 | 1200
SEEFI)E)F/’ :ur:zr;em ViN=28¥R2Y MNP-ATP _ “0” 5.5 17
fs = 320768 kHz — — : pA
Supply current in MNP-ATP =“1"[ - 850 1200
SLEEP 0 mode MNP-ATP =“0"| - 4.5 15
Supply current in Npp 3.6 V 0.5 10
STOP mode V= 3)4)V/I0.2 V '

Note 1: Typical values show those at Topr=25°C.

Note 2: Input current (N1, I1n2): 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 SLOW2\and SLEEP2 modes are equivalent to IDLEO, IDLE1, IDLE2.

Note 5:MNP(MNPWDW)-shows bitO\in"EEPCR register and ATP (ATPWDW) shows bit1 in EEPCR

register.,

Note 6: “Fetch” means reading-operation of FLASH data as an instruction by CPU.
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AD Conversion Characteristics | (Vgss=0.0V, 2.7V <Vpp<3.6V, Topr=-40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
Analog reference voltage VAREE Aypp — 1.0 - AvDD
Power supply voltage of analog A v
control circuit VDD DD Vv
Analog reference voltage range
(Note 4) | “VAREF 2.5 - B
Analog input voltage VAIN Vss — VAREF
Vpp = A =V =36V
Power supply current of analog IRer DD =AvDD = VAREF B 035 061 mA
reference voltage Vgs=0.0V
;lon I|n§a:|ty error VoD = Avpp = 2.7 V - + J_rz
> < +
ero point error Vs = 0.0V + LSB
Full scale error v 97V £ - +2
Total error AREF = £ - — +2
(Vss =0.0V, 2.0 V < VpH.<2.7 V;Topr = —40 ta'85°C)
Parameter Symbol Condition Min Typ: Max Unit
Analog reference voltage VAREF Avpp — 0.6 - AVDD
Power supply voltage of analog A Vv
control circuit VDD Db v
Analog reference voltage range
(Note 4) AVAREF 2.0 - -
Analog input voltage VAIN Vgg - VAREF
Vpp £ A =V =2.0V
Power supply current of analog Irer DD # AvDDb.= VAREF B 0.20 034 mA
reference voltage Vg§=0.0V
;lon I|ne.a:|ty error Vbp =AVpD = 2.0 V - — J_r:
- — +
ero point error {/ss 200V + LSB
Full scale error W 20V ~ — +4
Total error AREP £- - - +4
(Ved = 0.0V, 1.8 V= Vpp < 2.0 V, Topr = —10 to 85°C) (Note 5)
Parameter Symbol Conditien Min Typ. Max Unit
Analog reference voltage VAREF Aypp - 0.1 - AvDD
Power supply voltage/of analog A v
control circuit VDD Db Vv
Analog reference voltage
range (Note 4) AVAREF 18 B B
Analog input voltage VAIN Vss - VAREF
Vpp = A =V =18V
Power supply cufrént of analog IRer DD =AvDD = VAREF B 018 031 mA
reference voltage Vgg=0.0V
;lon Ilngatrlty error VoD = Avpp = 1.8 V — — J_ri
ero point-error - - +
Vgg=0.0V LSB
Full scale error VSS 18V - - +4
Taotalerror AREF = 1 — — +4

Note 1+The total error includes-alterrors except a quantization error, and is defined as a maximum deviation
from the ideal conversion line.

Note 2: Conversion time is different in recommended value by power supply voltage.
About conversion time, please refer to “2.15.2 Register configration”.

Note 3: Please use input voltage to AIN input Pin in limit of VAREF — VSS.
When voltage of range outside is input, conversion value becomes unsettled and gives affect to
other channel conversion value.

Note 4: Analog Reference Voltage Range: AVAREF = VAREF - VSS

Note 5: When AD is used with VDD < 2.0 V, the guaranteed temperature range varies with the operating
voltage.

Note 6: When AD converter is not used, fix the AVDD pin and VAREFpin on the Vpp level.
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| AC Characteristics|  (Vss =0V, Vpp = 2.7 to 3.6 V, Topr = —40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit

NORMAL1, 2 mode 0.25 B 4

Machine cycle time tey IDLET, 2 mode us
SLOW1, 2 mode 1176 B 133.3
SLEEP1, 2 mode

High Level clock pulse width twcH For external clock operation (XIN B 3195 B ns

Low level clock pulse width twel input), fc = 16 MHz

High level clock pulse width twcH For external clock operation (XTIN B 1596 B us

Low level clock pulse width twel input), fs = 32.768 kHz

(Vss =0V, Vpp = 1.8 to 3.6 V, Topr = —40 t6°85°C)

Parameter Symbol Condition Min Typ. Max Unit

A e o | - |

Machine cycle time tey SLOW‘1 ;no Z us
£ MOCe 117.6 - 133.3

SLEEP1, 2 mode
High level clock pulse width twcH For external clock operation” (XIN 119 04 ns
Low level clock pulse width twecl input), fc = 4.2 MHz .
High level clock pulse width twcH For external clock eperation (XTIN

- . - 15:26 - us

Low level clock pulse width twcl input), fs = 32.768\KHz

Timer Counter 1 input (ECIN) Characteristics |(VSS =0V, Topr = -40 ta 85%C)

Parameter Symbol Condition Min Typ. | Max Unit

Frequency measurement | Single edge-count

mode Vpp < 2.710 3.6 V Both edge count
TC1 input (ECIN input) trc Db - g - MHz
Frequency measurement | Single edge count

- - 8
mode Vpp=1.8t0 2.7V Both'edge count

Flash Characteristics | (Vsg'=0 V)

Parameter Condition Min Typ. Max Unit
Number of guaranteed-.writes (page

Vpp =2.7 t08.6'V, 2MHz< fc < 16 MH !

writing) to Flash memory in-sefial PROM D © Z=re ‘ - - 105 Times
mode (Topr'=25°C+5°C)

Recommended’Qscillating Conditions

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: The product numberstand-specifications of the resonators by Murata Manufacturing Co., Ltd. are
subject to change. For up>to-date information, please refer to the following
http://www.murata.co.jp/search/index.html
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Package Dimensions

P-LQFP64-1010-0.50E
Unit: mm

12.0+£0.2

10.0+0.1

48 33

HHAAAAARRRRAAAAH

1.25TYP

32

10.0+0.1
12.0+£0.2

17

0.5 '+0.07
1.25TYP| | 0.5 10255508

0.1+0.05
1.4+0.05
1.6MAX

"
B

[ T
- I
3 (0.5) S

0.45~0.75

0.125 9975
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P-QFP64-1414-0.80C
Unit: mm

17.2+0.2
14.0+0.1

48 33
ARRHHHARAHHARE

1.0TYP
ﬁik
I
©

1AAAAAAAAAAAAAA
ili
14.0£0.1
17.2£0.2

(@]
g

1.0TYP

+0.08

0.15-0.04
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