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TOSHIBA TENTATIVE TReTSssTe
CMOS 8-Bit Microcontroller

TMP86FS49FG

Product No. FLASH RAM PACKAGE Mask MCU
TMP86FS49FG 50K bytes 2K bytes P-QFP64-1414-0.80A TMPBECH49/CN49

1.1 Features

1. 8-bit single chip microcomputer TL.CS-870/C series

- Instruction execution time :
0.25 ps (at 16 MHz)
122 ps  (at 32.768 kHz)

- 132 types & 731 basic instructions
24interrupt sources (External : 5 Internal : 19)
Input / Qutput ports (56pins)

Time Base Timer

Watchdog Timer
16-bit timer counter: 1 ch

AN I T

- Timer, External trigger, Window, Pulse width measurement, Event counter, PPG(Programmable Pulse
Generator) output modes

7. 16-bit timer counter : 1ch
- Timer, Event counter, Window modes
8. 8-bit timer counter : 4ch
Timer, Event counter, PWM(Pulse width modulation) output, PDO(Programmable Divider Quiput) out-
put and PPG(Programmable Pulse Generator) modes
9. 8-bit UART: 2¢ch
10. High-Speed SIO: 2ch

11. Serial Bus Interface(F2C Bus): 1ch

This product uses the Super Flash® technology under the licence of Sillicon Storage Technology,Inc. Super Flash® is registered
trademark of Sillicon Storage Technology,Inc.

Purchase of TOSHIBA I*C components conveys a license under the Philips 1°C Patent Rights to use these components in an
1%C system, provided that the system conforms to the I2C Standard Specification as defined by Philips.

030619EBP1

= The infarmation contained herein is subject to change without notice.

= 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 use. No license is granted by impli-
cation or otherwise under any patent or patent rights of TOSHIBA or others.

« TOSHIBA is continually working fo improve the quality and reliability of its products. Nevertheless, semiconducior devices in general can
malfunclion or fail due to their inherent electrical sensitivity and vulnerability to physical stress. Itis the responsibifity of the buyer, when
ufilizing TOSHIBA products, to comply with the standards of safety in making a safe desi?n for the entire system, and to avoid situations
in which a malfunction or failure of such TOSHIBA products could cause loss of human life, bodily injury or damage to property.

h developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in the most
recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the “Handling Guide for
Semiconductor Devices,” or  “TOSHIBA Semiconductor Reliability Handbook™ etc..

+ The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, personal equip-
ment, office equipment, measuring equipment, industrial robotics, domestic appliances, et¢.). These TOSHIBA products are neither
intended nor warranied 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 instru-
ments, 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.

. TOdSHIBPi\ ?roducts should not be embedded to the downstream products which are prohibited to be produced and scld, under any taw
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.
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1.1 Features

TMP86FS49FG

TENTATIVE

12.10-bit successive approximation type AD converter
Analog inputs: 16ch

13.Key On Wake Up : 4ch

14. Clock operation

Single clock mode

Dual clock mode
15. Low power consumption operation

STOP mode: Oscillation stops. (Battery/Capacitor back-up.)

SLOW1 mode: Low power consumption operation using low-frequency clock.(High-frequency clock
stop.)

s

SL.OW2 mode: Low power consumption operation using low-frequency clock.(High-frequency clock
oscillate.)

IDLEO mode: CPU stops, and only the Time-Based-Timer(TBT) on peripherals operate using high fre-
quency clock. Release by falling edge of the source clock which is set by TRTCR<TBTCK>>.

IDLE] mode: CPU stops and peripherals operate using high frequency clock. Release by interru-
puts{CPU restarts).

IDLE2 mode: CPU stops and peripherals operate using high and low frequency clock. Release by inter-
ruputs. (CPU restarts).

SLEEPO mode: CPU stops, and only the Time-Based-Timer{TBT) on peripherals operate using low fre-
quency clock.Release by falling edge of the source clock which is set by TBTCR<TBTCK>.

SLEEP1 mode: CPU stops, and peripherals operate using low frequency clock. Release by interru-
put.(CPU restarts),

SLEEP2 mode: CPU stops and peripherals operate using high and low frequency clock. Release by
interruput.

16. Wide operation voltage:

4.5V~5.5Vat 16,0MHz /32.768 kHz
3.0 v~3.6 Vat 8 MHz /32,768 kHz
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TOSH l BA TENTATIVE TMPEEFS49FG

1.2 Pin Assignment
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Figure 1-1 Pin Assignment
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1.3 Block Diagram TMPBEFS49FG
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1.3 Block Diagram

High~frequency clock
oscillator

Low-frequency clook
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Timing Generator

Standby Controfler
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DPU (TLDS -870/0)
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10~-bit AD Converter{i?
oh)

Serial Bus Interface {SBI}

Key On Wakeup

UART {Z ok}

Interrupt Controller

16~Bit Timer/Counter
{TC1)
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BAM(2KBytes)
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|

Watch Dog Timer

P2
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Figure 1-2 Block Diagram
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1.4 Pin Names and Functions

Table 1-1 Pin Names and Functions (1/3)

Pin Name Pin Number Input/Output * Functions

PoOY - IC | PORTO7

INT2 | | External interrupt 2 input

P0G 16 10 | PORTOB

BCKi1 10 | Serial clock inputfoutput 1

P05 15 10 | PORTOS

501 O | Serial data output 1

Po4 14 10 | PORTO4

sl | | Serial data input 1

P03 13 10 | PORTO3

INT1 I | External interrupt 1 input

P02 12 10 | PORTOZ

TxDA1 O | UART data output 1

P01 10 | PORTO1

RxD1 1 | | UART data input 1

BOOT I | Serial PROM mode control inptit

P00 10 10 | PORTOQ

INTC | { Extemnal interrupt 0 input

P17 10 | PORT17

TC6 51 I | Timer counter & input

PDOS/PWMEIPPGE O | PDOs/PWMB/PPGS output

P16 10 | PORT18

TCS 50 | | Timer counter 5 input

PDOS/PWMS Q | PDOS/PWMS output

P15 10 | PORT15

TC2 49 I | Timer counter 2 input

INT3 I | Externalinterrupt 3 input

P14 10 | PORT14

TC4 48 I | Timer counter 4 input

POC4PWM4AIPFGS O | PDO4A/PWMA/PPG4 output

P13 10 | PORT13

TC3 47 I | Timer counter 3 input

PDC3PWM3 O | PDO3/PWM3 output

P12 48 10 | PORT12

FPG I | PPG Output

P11 45 10 | PORTN

VG ) O | Divider cutput

P10 44 10 | PORT10

TC1 I | Timer counter 1 input

P22 o PORT22

XTOUT 7 o Resonator connecting pins{32.768kHz) for inputling extemal
clock

P21 o PORT21

XTIN 8 ; Resonator connecting pins{32.768kkz) for inputting external
clock

P20 10 | PORT20

INTS 9 I | External interrupt 5 input

STOP 1 | STOP meode release signal input
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TMP8EFS49FG

Table 1-1  Pin Names and Functions (2/3)
Pin Name Pin Number Input/Output Functions
P37 64 10 | PORT37
P36 63 10 | PORT36
P35 62 10 | PORT35
P34 61 10 | PORT34
P33 60 10 | PORT33
P32 59 0 | PORT32
P31 58 IO | PORT31
P30 57 0 | PORT30
PA7 43 I0 | PORT47
P4s 42 10 | PORT46
SCK2 10 | Seriat clock input/output 2
P45 41 10 | PORT45
502 O | Serial data output 2
P44 40 10 | PORT44
512 I | Serial data input 2
P43 39 10 | PORT43
P42 - 10 | PCRT42
TxD2 O | UART data output 2
P41 a7 10 | PCRT41
RxD2 I | UART data input 2
P40 36 10 | PORT40
P54 56 10 | PORT54
P53 55 10 | PORTS3
P52 54 10 | PORTS2
P51 53 10 | PORTS1
SDA 10 | 12C bus serial data input/output
P50 52 10 | PORTS0
SCL I3 | 12C bus serial clock inputioutput
P67 IO | PORTE7
AINO7 27 | | AD converter analag input 7
STOP3 1 | STOP3 input
PE6 IC | PORTe6
AINDG 26 | | AD converter analog input 6
STCOP2 | | STOPZ input
P85 IC | PORTeES
AINOS 25 | | AD converter analeg input &
STOP1 1 | STCPA tnput
P64 10 | PORTE4
AINO4 24 I | AD converter analog input 4
STOPO I 1 STOPO input
P63 - 10 | PORTSE3
AlNO3 | | AD converter analog input 3
P62 2 10 | PORTE2
AINO2 | | AD converter analog input 2
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Table 1-1 Pin Names and Functions (3/3)

Pin Name Pin Number Inpat/Cutput Functions
P&1 - 10 | PORTE1
AIND1 I | AD converter analog input 1
P8O 10 | PORTEG
20 .
AINOD | | AD converter analog input 0
P77 35 10 | PORT77
AIN1T I | AD converter analog input 17
P76 34 10 | PORT78
AIN16 I | AD converter analog input 16
P75 a3 10 | PORT?S
AIN15S I | AD converter analog input 15
P74 12 10 | PORT74
AlN14 I | AD converter analog input 14
P73 a1 10 | PORT73
AIN13 ) I | AD converter analog input 13
P72 a0 10 | PORT72
AlN12 I | AD converter analog input 12
P71 - 10 | PORT71
AlNT1 I | AD converter analog input 11
P70 28 10 | PORT70
AIN1O | | AD converter analog inpuft 10
XIN 2 | | Resonator connecting pins for high-frequency clock
XouT 3 O | Resonator connecting pins for high-frequency clock
RESET 8 | | Reset signal input
Test pin for out-going test and the Seriat PROM moede control
TEST 4 I | pin. Usually fix to low level. Fix to high level when the Serial
PROM mode starts,
VAREF 18 | | Analog reference voltage input (High)
AVDD 19 1 | AD circuit power supply
VDD 5 | | +5V
VSS 1 I | O{GND)
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2. Operational Description

2.1 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, and the reset circuit.

2.1.1 Memory Address Map

The TMP86FS49FG memory consists of 4 blocks: FLASH, RAM, DBR (Data buffer register) and SFR
(Special function register). They are all mapped in 64-Kbyte address space. Figure 2-1 shows the
TMP86FS49FG memory address map. The general-purpose registers are not assigned to the RAM address
space.

0000y
SFR { : 64 byte
003F
0040,
RAM 2Kbyte
E FLASH: includes;
083F 1 Program memory
P : Vector table
HE 1 RAM: Random access memory includes:
I X Data memory
OF B0y Stack
DBR ; 128byte 8FR: Special function register includes:
H IfQ ports
OFFF ; | Peripheral control registers
o t Peripheral status registers
- ' System control registers
P ' Program status word
o 1 DBR: Databuffer register includes:
: : Peripheral status registers
. 1 1
10p0y
i | BO0Kbyle
FLASH < :
FFA:OH
Vestor tabie for vector caii instructions
Vector tab:e for interrupts
L FFFFy,

Figure 2-1 Memory Address Map
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2.1.2 Program Memory (FLASH)

The TMP86FS49FG has a 60K x 8 bits (Address 1000H to FFFFH) of program memory (FLASH ). A pro-
gram code placed on the internal RAM can be excutable when a certain procedure is executed ( See "2.3.2
Address trap reset "),

2.1.3 Data Memory (RAM}

Data memory consists of internal data memory (Internal FLASH or RAM). The TMP86FS49FG has 2Kbyte
{Address 0040H to 083FH) 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”. (TMP86FS49FG)

LD HL, 0040H ; Start address setup
LD AH ; Initial value (0OH) setup
LD BC, 07FFH
SRAMCLR: LD (HL), A
INC HL
DEC BC
JRS F. SRAMCLR

2.2 System Clock Controller

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

Timing generator control register

Clock TBTCR
soeene- gENErator - : H 0036t
: ::fc - S -
High-frequency | Timing | Standby controller
clock oscillator | generator

0033Hﬁ 0039...]:[
fs ¢ J' wlr 'L 'syscR1] [syscr2]

System control registers

Lowfrequency
clock oscillator System clocks

A

Clock generator condrol

Figure 2-2 System Colck Control
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2.2.1 Clock Generator

The clock generator generates the basic clock which provides the system clocks supplied to the CPU core
and peripheral hardware. It contains two oscillation circuits: One for the high-frequency clock and one for the
low-frequency clock. Power consumption can be reduced by sw1tch1ng of the standby controller to low-power
operation based on the low-frequency clock.

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

il High-fraquency clogk =m-=mrm==rn=ann- i [rommmmmamonn Low-fraquency clogk ==~=mmrmmmmnnmas M
g XQUT X([)___L%IT L XTIN XTQUT ~ XTIN XTﬁlT :
; l ©Omer) || I ; (Open) !
E(a) Crystal/Ceramic {b) External osciliator E i {¢) Crystat {d) External oscillator 5
! resonator | : :

Figure 2-3 Examples of Resonator Connection

Note: The functicn to moniter the basic clock directly at external is not provided for hardware, however, wilh dis-
abling all interrupts and watchdog timers, the oscillation frequency can be adjusted by monitoring the pulse
which the fixed frequency is cutputted to the port by the program.

The system to require the adjustment of the oscillation frequency should create the program for the adjust-
ment in advance.

2.2.2 Timing Generator

The timing generator generates the various system clocks supplied to the CPU core and peripheral hardware
from the basic clock (fc or f5). The timing generator provides the following functions.

Generation of main system clock

Generation of divider output (DVO) pulses
Generation of source clocks for time base timer
Generation of source clocks for watchdog timer

Generation of internal source clocks for timer/counters

R

Generation of warm-up clocks for releasing STOP mode

2221 Configuration of timing generator

The timing generator consists of a 2-stage prescaler, a 21-stage divider, a main system clock generator,
and machine cycle counters.

An input clock to the 7th stage of the divider depends on the operating mode, DV7CK (Bit4 in
TBTCR), that is shown in Figure 1-5. As reset and STOP mode started/canceled, the prescaler and the
divider are cleared to “0”.
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2.2 System Clock Controller TMP86FS49FG
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: Main system clock generator I_fcﬂf-i.._,l Machine cycle counters
S
SYSCK D 4
DVTCK
Divider *
High-frequency A PYACCIN B P Y B 1718 | 2 10§11|12] 1314 15]16} 17]18] 12021
clock fo
. A 2
Low-frequency Multi- S | Multiplexer
clock fs plexer #—»ino
51 .
® a0 Yo
i A1 Y b Warm-up
controller
e ;"
S k » | Watchdog
— | » 1 timer
Timer/ |3 3
= -
counters |« e
- » | Time base
< f -
< T > | timer
¢ i
% L’y
Serial | < %) Divider
intetface « 'F'} > 1 oulbput circuit
< 9
Figure 2-4 Configuration of Timing Generator
Timing Generator Control Register
TBTCR 7 6 5 4 3 2 i 0
{0036H) | (DVOEN)l (DVOCK) | DV7CK | (TBTEN)l (TBTCK) {Initial vatue: 0000 000}
. o
DV7CK Selecto.n.ofmput to the 7th stage | 0: fc/28 [Hz] RAW
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 THz], fs: 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 NORMAL1/2 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.

2.2.2.2 Machine cycle

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

The minfmum instruction execution unit is called an “machine cycle”. There are a total of 10 different
types of instructions for the TLCS-870/C Series: Ranging from 1-cycle instructions which require one
machine cycle for execution to 10-cycle instructions which require 10 machine cycles for execution. A
machine cycle consists of 4 states (S0 to §3), and each state consists of one main system clock.
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1ifc or 1/fs [s]

Main system clock -I !

81 82 S3
e BACHNG QY wememsmirmimmsrsmanmsisssnsad

—t- - -~ Y-

||
|

&

s0 { st | s2 ] s |

State I S0
:

Figure 2-5 Machine Cycle

2.2.3 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 2-6 shows the operating mode transition diagram.

2.2.3.1 Single-clock mode

Only the oscillation circuit for the high-frequency clock is used, and P21 (XTIN) and P22 (XTOUT)
pins are used as input/output ports. The main-system clock is obtained from the high-frequency clock. In
the single-clock mode, the machine cycle time is 4/fc [s].

(1) NORMALT mode

In this mode, both the CPU core and on-chip peripherals operate using the high-frequency clock.
The TMP86FS49FG is placed in this mode after reset,

(2) IDLE1 mode

Ini this mode, the internal oscillation circuit remains active. The CPU and the watchdog timer are
halted; however on-chip peripherals remain active (Operate using the high-frequency clock).

IDLE1 mode is started by SYSCR2<IDLE>, and IDLE1 mode is released to NORMAL1 mode by
an imterrupt request from the on-chip peripherals or external interrupt inputs. When the IMF (Inter-
rupt master enable flag) is “17 (Interrupt enable), the execution will resume with the acceptance of
the interrupt, and the operation will return to normal after the interrupt service is completed. When
the IMF is “0” (Iuterrupt disable), the execution will resume with the instruction which follows the
IDLE] mode start instruction.

(3) IDLEO mode

In this mode, all the circuit, except oscillator and the timer-base-timer, stops operation.
This mode is enabled by setting “1” on bit TGHALT on the system control register 2 (SYSCR2).

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

Page 13




2. Operational Descripfion

2.2 System Clock Controller TMP86FS49FG
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When returned from IDLEQ mode, the CPU restarts operating, entering NORMAL1 meode back
again. IDLEO mode is entered and returned regardiess of how TBTCR<TBTEN:> is set. When IMF =
“1”, EF6 (TBT interrupt individual enable flag) = “1”, and TBRTCR<TBTEN> = “17, interrupt pro-
cessing is performed. When IDLEO mode is entered while TRTCR<TBTEN> = “1*, the INTTBT
interrupt latch is set after returning to NORMAL 1 mode.

2.2.3.2 Dual-clock mode

Both the high-frequency and low-frequency oscillation circuits are used in this mode. P21 (XTIN) and
P22 (XTOUT) pins cannot be used as input/output ports. The main system clock is obtained from the
high-frequency clock in NORMAL?2 and IDLE2 modes, and is obtained from the low-frequency clock in
SLOW and SLEEP modes. The machine cycle time is 4/fc [s] in the NORMAL?2 and IDLE2 modes, and
4/fs [s] (122 ms at fs = 32,768 kI1z) in the SLOW and SLEEP modes.

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

{1) NORMALZ 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,

(2) SLOW2 mode

In this mode, the CPU core operates with the low-frequency clock, while both the high-frequency
clock and the low-frequency clock are operated. On-chip peripherals are triggered by the low-fre-
quency clock. As the SYSCK on SYSCR2 becomes “0”, the hardware changes into NORMAL?Z2
mode. As the XEN on SYSCR2 becomes “0”, the hardware changes into SLOW1 mode. Do not clear
XTEN to “0” during SLOW2 mode.

(3) SLOW1 mode

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

Switching back and forth between SLOW1 and SLOW2 modes are performed by XEN bit on the
system control register 2 (SYSCR2). In SLOW]1 and SLEEP modes, the input clock to the 1st stage
of the divider is stopped; output from the 1st to 6th stages is also stopped.

(4) IDLE2 mode

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

{5) SLEEP1 mode

In this mode, the internal oscillation circuit of the low-frequency clock remains active. The CPU,
the watchdog timer, and the internal oscillation circuit of the high-frequency clock are halted; how-
ever, on-chip peripherals remain active (Operate using the low-frequency clock). Starting and releas-
ing of SLEEP mode are the same as for IDLE] mode, except that operation returns to SLOW mode.
In SLOW and SLEEP modes, 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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(6) SLEEP2 mode

The SLEEP2 mode is the idle mode corresponding to the SL.LOW2 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.

(7) SLEEPQ mode

In this mode, all the circuit, except oscillator and the timer-base-timet, 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
petipheral circnits other than TBT. Then, upon detecting the falling edge of the source clock selected
with TBRTCR<TBTCK>, the timing generator starts feeding the clock to all peripheral circuits.

When returned from SLEEP) mode, the CPU restarts operating, entering SLOW1 mode back
again. SLEEPO mede is entered and returned regardless of how TBTCR<TBTEN: is set. When IMF
=*1”, EF6 (TBT interrupt individual enable flag) = “1”, and TBRTCR<TBTEN: = “1”, interrupt pro-
cessing is performed. When SLEEPO mode is entered while TRTCR<TBTEN> = “1”, the INTTBT
interrupt latch is set after returning to SLOW1 mode.

2.2.3.3 STOP mode

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

STOP mode is started by the system control register 1 (SYSCR1), and STOP mode is released by a
inputting (Either level-sensitive or edge-sensitive can be programmably selected) to the STOP pin. After
the warm-up period is completed, the execution resumes with the instruction which follows the STOP
mode start instruction.

Egégg Reset release | RESET
Fy
SYSCR2<TGHALT> = "1 Note 2
. SYSCR2<IDLE>="1" 4 SYSCR1<STOP> = 1"
IDLET [ NORMAL1 >
mode » mode "
Inferrupt F STOP pin input
(a) Single-clock mode SYSCR2<XTEN=> = 0" SYSCR2<XTEN> = "1"
- SYSCR2<IDLE> = 717 T SYSCR1<STOP> = "1
IDLEZ ( NORMAL2 "
made , - mode «
Interrupt 7> STOP pin inpat
SYSCR2<8YSCK> = "0" SYSCR2<SYSCK> = ""
STOP
 SYSCR2<IDLE> ="1" 4
SLEEP2 B SLOW2
mode > mode
interrupt v
SYSCR2<XEN> = "1" SYSCR2Z<XEN> = "0
. SYSCR2Z<IDLE>="1" ¥— SYSCRI<STOP»="1"
SLEEPT  j[* SLOW1 "
maode » mode "
Interrupt r'y STOP pin input
b) Dual-ciock mod
b) Dual-clogk made Note 2 SYSCR2<TGHALT> = *1"
SLEEPD
mode

Note 1. NORMAL1 and NORMALZ2 modes are generically called NORMAL; SLOW1 and SLOW2 are called SLOW; IDLED, IDLE1
and IDLE2 are called IDLE; SLEEPO, SLEEP1 and SLEEF? are called SLEEP.
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Note 2: The mode is released by falling edge of TBTCR<TBTCK> seiting.
Figure 2-6 Operating Mode Transition Diagram
Oscillator o Machine Cydl
i ther achine Cycle
d -
QOperating Mode High Low CPU Core TBT Peripherals Time
Frequency | Frequency
RESET Reset Reset Reset
NORMAL1 Operate 4ffc [s]
Oscillation Cperate
Single clock | IDLE1 Stop Operate
IDLED Halt
Halt -
STOP Stop Halt
NORMAL2 Operate with
high frequency 4ffc[s]
IDLE2 Halt
Oscillation -
SLowe Cperate with
low frequency Operate
Dual dlock | SLEEPZ Oscillation Halt Operate
. 4ffs [8]
SLOWA Operate with
low frequency
SLEEP1 Stop
SLEEPD Halt
Halt -
STOP Stop Halt
System Control Register 1
SYSCR1 7 6 5 4 3 2 1 0
©038H) | sTop | RELM | RETM [ OUTEN | wWuT | | : (Initial value: 0000 0™}
0: CPU core and peripherals remain active
STOP | STOP mode start 1: CPU core and peripherals are halted (Start STOP mode)
RELM Release methed for STOP 0: Edge-sensitive release
mode 1: Level-sensitive release
RETM Operating mode after STOP 0: Return to NORMAL1/2 maode
mode 1; Retum to SLOW1 mode
. 0: High impedance
UTE
OUTEN Port output during STOP mode 1: Output kept RAW
Retumn to NORMAL mode Return to SLOW mode
0o 3 % 2% 3% 21345
Warm-up time at releasing
o1 16, 13
WUT STOP made 2"%fc 2%fs
10 3x 2 3 x 25s
1 2™ 2513

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

Nole 2: When STOP mode is released with RESET pin input, a return is made to NORMAL1 regardless of the RETM contents.
Note 3: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], *; Don't care
Note 4: Bits 1 and 0 in SYSCR1 are read as undefined data when a read instruction is 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 wakeup Is used, the edge realease can nat function according to some conditions. It is recommended to
set the level realease (RELM = “1").

Note 7: Port P20 is used as STOP pin. Therefore, when stop mode is starfed, QUTEN does not affect to P20, and P20 becomes
High-Z mode,

Note 8: The warmig-up time should be set correctly for using oscillator.
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System Control Register 2

SYSCR2 7 § 5 4 3 2 1 0
{0038H) L XEN | XTEN | SYSCK| IDLE | ITGHALT| | - (it value: 1000 *0™*)

(=

: Turn off oscillation

XEN High-frequency oscillator control - Turn on osclllation

-

: Turn off oscillation
Turn on oscillation

=1

XTEN Low-frequency oscillator control

Main system clock select
SYSCK | (Wite)main system clock moni-
tor {Read)

o

High-frequency clock
: Low-frequency clock R

-

IDLE CPU and watchdog timer control | 0: CPU and watchdog timer remain active
(IDLE1/2 and SLEEP1/2 modes) | 1: CPU and watchdog timer are stopped (Start IDLE1/2 and SLEEP#/2 mades)
0: Feeding clock to all peripherals from TG
TGHALT | TG control IDLEC and SLEEPD | |/ o oeiing clock to peripherals except TBT from TG,

modes)

{Start IDLEO and SLEEP0Q modes)

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

Note 2: *: Don't care, TG: Timing generator
Note 3: Bits 3, 1 and 0 in SYSCR2 are always read as undefined value.
Note 4: Do not set IDLE and TGHALT to *“1” simultangously.

Note 5: Because returning from IDLEO/SLEEFO to NORMAL1/SLOWA1 is execuled by the asynchronous internal clock, the period
of IDLEQ/SLEEPO mode might be shorter than the period setting by TBTCR<TBTCK>.

Naote 6: When IDLE1/2 or SLEEP1/2 mede is released, IDLE is automatically cleared to “0".
Note 7: When IDLEQ or SLEEPQ 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.

2.2.4 Operating Mode Control

2.2.41 STOP mode

STOP mode is controlled by the system control register 1, the STOP pin input .
The STOP pin is also used both as a port P20 and an INT5 (external interrupt input 5) pin.

STOP mode is started by setting STOP (Bit7 in SYSCR1) to “1”. During STOP mode, the following
status is maintained,

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

2. 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.

3. The prescaler and the divider of the timing generator are cleared to “0”.
4. The program counter holds the address 2 ahead of the instruction (e.g., [SET (SYSCR1).7])
which started STOP mode.

STOP mode includes a level-sensitive mode and an edge-sensitive mode, either of which can be
selected with the RELM (Bit6 in SYSCRI1).

Note 1: During STOP 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 accepted immediately
after STOP mode is released. Before starting STOP mode, therefore, disable interrupts. Also, before
enabling interrupts after STOP mode is released, clear unnecessary interrupt latches.

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

In this mode, STOP mode is released by setting the STOP pin high. This mode is used for capacitor
backup when the main power supply is cut off and long term battery backup.
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When the STOP pin input is high, executing an instruction which starts STOP mode will not place
in STOP mede but instead will immediately start the release sequenice (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.

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

Example 1 :Starting STOP mode from WORMAL mode by testing a port P20.

LD (SYSCR1), 010100008 1 Sets up the level-sensitive release mode
SSTOPH: TEST (P2PRD). 0 1 Wait until the STOP pin input goes low level

JRS F, SSTOPH

Df VIMF 0

SET (SYSCR1). 7 ; Starts STOP mode

Example 2 :Starting STOP mode from NORMAL maode with ant INTS interrupt.

PINTS: TEST (P2PRD), 0 ; To reject noise, STOP mode does not start if
JRS F, SINT5 port P20 is at high
LD {(SYSCR*), 010100008 ; Sets up the tevel-sensitive release mode,
D JIMF <0
SET (SYSCR1).7 ; Starts STOP mode
SINTS: RETI

STOP pin "
Ehd
L
7
XOUT pin ;
NORMAL H STOP { : NORMAL
operation E: operation Pige Warm up —»is operation
Confirm by program that the STOP mode is released by the hardware.
gigg pm:jnput is low and start Always released if the STOE
mode. pin input Is high.

Figure 2-7 Level-sensitive Release Mode

Nate 1: 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 STGP pin input is detected.

(2) 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 appli-
cations where a relatively short program is executed repeatedly at periodic intervals. This periodic
signal (for example, a clock from a low-power consumption oscillator) is input to the STOP pin, In
the edge-sensitive release mode, STOP mode is started even when the STOP pin input is high level.

Example :Starting STOP mode from NORMAL mode
DI JIMF <0

LD (SYSCR1), 100100008 ; Starts after specified to the edge-sensitive release mode
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STOP pin \ . \
N FF
o : (<
XCUT pin %E il ¥
NORMAL ! sTOP ! , ' sToP
operation operation — uE Warm Bp. -} NORMAL - operation
STOP mode started \ operation f
by the progran.

8TOP mode is refeased by the hardware at the rising
edge of STOP pin input,

Figure 2-8 Edge-sensitive Release Mode

STOP mode is released by the following sequence.

1. Inthe dual-clock mode, when returning to NORMALZ2, both the high-frequency and low-
frequency clock oscillators are turned om; when returning to SLOW1 mode, only the low-
frequency clock oscillator is turned on. In the single-clock mode, only the high-frequency
clock oscillator is turned on.

2. A warm-up period is inserted to allow oscillation time to stabilize. During warm up, all
internal operations remain halted. Four different warm-up times can be selected with the
WUT (Bits 2 and 3 in SYSCR1) in accordance with the resonator characteristics.

3. When the warm-up time has elapsed, normal operation resumes with the instruction follow-
ing the STOP mode start instruction. The start is made after the prescaler and the divider of
the timing generator are cleared to “07,

Table 2-1  Warm-up Time Example (at fc = 16.0 MHz, fs = 32.768 kHz)

Warm-up Time [ms]
WUT
Return o NCRMAL Mode Retun o SLOW Mode
9] 12.288 750
o1 4.096 250
10 3.072 5.85
1 1.024 1.85

Note: The warm-up time is obtained by dividing the basic clock by the divider. Therefore, the warm-up
time may include a certain amount of error if there is any fluctuation of the osciltation frequency
when STOP mode is released. Thus, the warm-up fime must be considered as an approximate
value.

STGP mode can also be released by inputting Iow level onr the RESET pin, which immediately per-
forms the normal reset operation.

Note: When STOP mode is released with a low hold veltage, the following cautions must be observed.
The power supply voltage must be af 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 inpuf voltage will
increase at a slower pace than the power supply voltage. At this time, there is a danger that a
reset may occur if input voltage level of the RESET pin drops below the non-inverting high-level
input voltage (Hysteresis input).
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2.2.4.2 |DLE1/2 mode and SLEEP1/2 mode

IDLEL/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.

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

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

3. 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 and WDT are haited

Ye
Reset input » Reset
i No
interrupt request
Normal Yes
release mode ;

No

Yes (interrupt refease mode)

Inferrupt processing

Execution of the
instruction which follows
the [DLE1/2 and SLEEP/2
modes start instruction

&

Figure 2-10 IDLE1/2 and SLEEP1/2 Modes

(1) Start the IDLE1/2 and SLEEP1/2 modes

When IDLE1/2 and SLEEP1/2 modes start, set SYSCR2<IDLE> to “1%. After IMT is set to "o,
set the individual interrupt enable flag (EF) which releases IDLE1/2 and SLEEP1/2.

{2) 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.

IDLE1/2 and SLEEP1/2 modes can also be released by inputting low level on the RESET pin. After
releasing reset, the operation mode is started from NORMALI1 mode.
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(3) Normal release mode (IMF = “07)

IDLE1/2 and SLEEP1/2 modes are released by any interrupt source enabled by the individual
interrupt enable 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 used for releasing must be cleared to “0” by load instructions.

(4) Interrupt release mode (IMF = “1")

IDLE1/2 and SLEEP1/2 modes are released by any interrupt source enabled with the individual
interrupt cnable flag (EF) and the interrupt processing is started. After the interrupt is processed, the
program operation is resumed from the instruction following the instruction, which starts IDLE1/2
and SLEEP1/2 modes.

Note: When a watchdog timer interrupts is generated immediately before IDLE1/2 and SLEEP1/2 mode
are started, the watchdog timer interrupt wilt be processed but IDLE1/2 and SLEEP1/2 mode will
not be started.
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Figure 2-11 IDLE1/2 and SLEEP1/2 Modes Start/Release
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2.2.4.3 IDLEO and SLEEPQ modes (IDLEO, SLEEPO)

IDLEO and SLEEPO modes are controlled by the system control register 2 (SYSCR?2) and the time base
timer control register (TBTCR). The following status is maintained during IDLE0 and SLEEPO modes.

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

2. The data memory, CPU registers, program status word and port output latches are all held in the
status in effect before IDLEQ and SLEEPO modes were entered.

3. The prograrn counter holds the address 2 ahead of the instruction which starts IDLEQ and
SLEEPQ modes.

Note: Before starting IDLED or SLEEPQ mode, be sure to stop (Disable) peripherals.

Y

Stopping peripherals
by instruction

¥

Starting IDLEO and SLEEPG
modes by instruction

!

CPU and WDT asre halted

No

BY
source clock
falling

edge
Yes

TBTCR<TBTEN>
= lh"i
Yes
No TBT interrupt
enable
_ Yes

Yes (Interrupt release mode)

» Reset

{Normal release mode)

Inferrupt processing

—

Exacution of the
instruction which follows
the IDLEQ and SLEEP(

modes start instruction

<

Figure 2-12 IDLEO and SLEEPQ Modes

(1} Start the IDLEO and SLEEPO modes

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

(2) Release the IDLEO and SLEEPC modes

IDLEO and SLEEPQ modes include a normal release modeand an interrupt release mode.

These modes are selected by interrupt master flag (IMF), the individual interrupt enable flag of
TBT and TBTCR<TBTEN>,

After releasing IDLEO and SLEEP0 modes, the SYSCR2<TGHALT:> is 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 “17, INTTBT interrupt
latch is set to 1%,

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

Note: IDLEO® and SLEEPO mades start/release without reference to TRTCR<TBTEN> setting.

(3) Normal release mode (IMF - EF7 - TBTCR<TBTEN> = “0")

IDLEQ and SLEEPO modes are released by the source clock falling edge, which is setting by the
TBTCR<TBTCK> without reference to individual interrupt enable flag (EF). After the falling edge
is detected, the program operation is resumed from the instruction following the IDLEO and SLEEPO
modes start instruction.

(4) Interrupt release mode (IMF - EF7 - TBTCR<TBTEN> = “M

IDLED and SLEEPO modes are released by the source clock falling edge, which is setting by the
TBTCR<TBTCK> at INTTBT interrupt source enabled with the individual interrupt enable flag (EF)
and INTTBT interrupt processing is started.

Note 1. Because refurning from IDLEQ, SLEEPO to NORMAL_1, SLOW1 is executed by the asynchro-
nous internal clock, the period of IDLEO, SLEEPO mode might be the shorter than the period set-
ting by TBTCR<TBTCK>.

Note 2: When a watchdog timer interrupt is generated immediately before |DLEQO/SLEEPQ mode is
started, the watchdog timer interrupt will be processed but IDLEO/SLEEPD mode will not be
started.
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Figure 2-13 IDLEO and SLEEPO Modes Start/Release
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2244 SLOWmode

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 (TC4, TC3).

(1) Switching from NORMALZ2 mode to SLOW1 mode

First, set SYSCK (Bit5 in SYSCR2) to switch the main system clock to the low-frequency clock
for SLOW?2 mode.

Next, clear XEN (Bit7 in SYSCR2) to turn off high-frequency oscillation,

Note: The high-frequency clock can be continued oscillation in order to retum to NORMALZ mode from
SLOW mode quickly. Always turn off oscillation of high-frequency clock when switching from
SLOW mode to stop made.

When the low-frequency clock oscillation is unstable, wait until oscillation stabilizes before per-
forming the above operations. The timer/counter 6, 5, 4, 3 (TC6, TC5, TC4, TC3) can conveniently
be used to confirm that low-frequency clock oscillation has stabilized.

Example 1 :Switching from NORMAL?2 mode to SLOW1 mode.

SET (SYSCR2). 5 1 SYSCR2<SYSCK> ¢ 1
(Switches the main system clock to the low-frequency
clock for SLOW2)

CLR {8YSCR2). 7 s SYSCR2<XEN> <— 0

(Tums off high-frequency oscillation)

Example 2 :Switching to the SLOW1 mode after low-frequency clock has stabilized.

SET (SYSCR2). 6 s SYSCR2<XTEN> —1
LD (TC3CR), 43H ; Sets mode for TC4, TC3 (16-bit TC, fs for source)
LD (TGACR), 05H
LDw (TTREG3), 8000H ; Sets warm-up time {Depend on oscillator accompanied)
DI ; IMF «—0
SET (EIRH). 1 ; Enables INTTC4
El i IMF €1
SET {TC4CR). 3 ; Starts TC4, 3
PINTTC4: CLR {TC4CR}. 3 ) Stops TC4, 3
SET (8YSCR2). 5 i SYSCR2<SYSCK> <— 1
{Switches the main system clock te the low-frequency clack)
CLR (SYSCR2). 7 s SYSCR2<XEN> <— 0
(Tumns off high-frequency oscillation)
RETI
VINTTC4: bw PINTTC4 i INTTC4 vectar table

(2) Switching from SLOW1 mode to NORMALZ mode

First, set XEN (Bit7 in SYSCR2) to turn on the high-frequency oscillation. When time for stabili-
zation (Warm up) has been taken by the timet/counter 4, 3 (TC4, TC3), clear SYSCK (Bit5 in
SYSCR2) to switch the main system clock to the high-frequency clock.
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Note: After SYSCK is cleared to “0", executing the Instructions is continiued by the low-frequency clock
for the pericd synchronized with low-frequency and high-frequency clocks.

Highfrequency ciock  JLILILALMAAIAAN NN
Low-frequency clock M'T_m-—-m
Main system clock Tl uyuuguUryT
SYSCK 1

Note: SLOW mode can also be released by inputting low level on the RESET pin, which immediately performs the reset opera-
tion. After reset, TMP86FS49FG are placed in NORMAL1 mode.

Example :Switching from the SLOW1 mode to the NORMAL2 mode (fc = 16 MHz, warm-up time is 4.0 ms).

SET (SYSCR2). 7  SYSCR2<XEN> <— 1 (Starts high-frequency oscillation)
D {TC3CR), 63H ; Sets mode for TC4, TC3 (16-bit TC, fc for source)
LD (TCACR), 05H
LD (TTREG4), 0F8H ; Sets warm-up time
D JIMF <0
SET (EIRH). 1 ; Enables INTTC4
El 3 IMF €— 1
SET (TC4CR). 3 ; Starts TC4, 3
PINTTC4: CLR (TC4CR). 3 ; Stops TC4, 3
CLR (SYSCR2). 5 ; SYSCR2<SYSCK> <— 0
(Switches the main system clock to the high-frequency clock)
RETI
VINTTC4: Dw PINTTC4 ; INTTC4 vectar table
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Figure 2-14 Switching between the NORMAL?2 and SLOW Modes
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2.3 Reset Circuit

The TMP86FS49F G have four types of resct generation procedures: An external reset input, an address trap reset,
a watchdog timer reset and a system clock reset. Table 2-2 shows on-chip hardware initialization by reset action.

The malfunction reset circuit such as watchdog timer reset, address trap reset and system clock reset is not initial-
ized when power is turned on. The RESET pin can reset state at the maximum 24/fc [s] (1.5 ps at 16.0 MHz) when
power is turned on.

Table 2-2  Initializing Internal Status by Reset Action

On-chip Hardware Initial Value On-chip Hardware Initial Value
Pregram counter PC) (FFFEH)
Stack noint .
oK pointer (SP) | Not initiafized Prescaler and divider of timing generaior 1]
General-purpose registers A
(W, A, B, C,D,E, H, L, IX, IY) Not initizlized
Jump status flag (JF)| Notinitialized | Watchdog timer Enable
Zero flag (ZF}{ Not initialized
Cany flag (CF)| Notinitialized
Half carry flag (HF}| WNot initialized
Qutput fatches of I/O ports Refer to /O port circuitry
Sign flag (SF)| Mot initialized
Overflow flag (VF) | Not initialized
Interrupt master enable flag {IMF) 0
Interrupt individual enable flags  (EF) 1} Refer to each of contral
Control registers .
Interrupt latches {iL) 0 register
RAM Not initialized

2.3.1 External Reset Input

The RESET pin contains a Schmitt trigger (Hysteresis) with an internmal 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 volt-
age within the operating voltage range and oscillation stable, a reset is applied and the internal state is initial-
ized.

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

vDD

RESET Internal reset

Watchdog timer reset !

Malfunction
reset oufput Address trap reset !
circuit

System clock reset |

Figure 2-15 Reset Circuit
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2.3.2 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 WDTCRI1<ATAS> is set to “1”), DBR or the SFR area, address trap reset will
be generated. The reset time is about 8/fc to 24/fc [s] (0.5 to 1.5 ps at 16.0 MHz).

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

Instfucliion Jp a :\’Reset release X Instruction at address r
axacution

¢ Address frap is occurred

Internal reset I

1 .
X L

16/fc is]

A

] i
] i
F 1
€ 1
t 1
] 1
[ i
1 1
€ 1
[} 1
1 1
H 1
£ 1

R S

H
i
£
1
1
1
£

8ffc to 244ic |s] dffc to 12/ [s]

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

Figure 2-16 Address Trap Reset

2.3.3 Watchdog timer reset

Refer to 2.4 “Watchdog Timer”.

2.3.4 System clock reset

Clearing both XEN and XTEN (Bits 7 and 6 in SYSCR2) to “07, clearing XEN to “0” when SYSCK = “07,
or clearing XTEN to “0” when SYSCK = “1” stops system clock, and causes the microcomputer to deadlock.
This can be prevented by automatically generating a reset signal whenever XEN = XTEN = “0”, XEN =
SYSCK = “0”, or XTEN = “0"*/SYSCK = “1” is detected to continue the oscillation. The reset time is about 8/
fe to 24/fe [s] (0.5 to 1.5 ps at 16,0 MHz).
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3. Interrupt Control Circuit

The TMP86FS49FG has a total of 24 interrupt sources excluding reset, of which 0 source levels are multiplexed.
Interrupts can be nested with priorities. Four of the internal interrupt sources are non-maskable while the rest are

maskable.

Interrupt sources are provided with interrupt Iatches (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 infer-
rupts. Interrupts are enabled or disabled by software using the interrupt master enable flag (IMF) and interrupt enable
flag (EF). If more than one interrupts are generated simultaneously, interrupts are accepted in order which is domi-
nated by hardware. However, there are no prioritized interrupt factors among non-maskable interrupts.

terrupt Vector
Interrupt Factors Enable Condition lnLart::'l;p Address Priority

Internal/External {Reset} Nen-maskable - FFFEH 1
Internal INTSWI (Software interrupt) Non-maskable - FFFCH 2
Intemal :,::::LTPE)EF {Executed the undefined instruction Non-maskable _ FFFCH P
Internal INTATRAP (Address trap interrupt} Non-maskahle IL2 FFFAH 2
Internal INTWDT (Watchdog fimer interrupt) Non-maskable IL3 FFF8H 2
External INTO IMF* EF4 =1, INTOEN =1 L4 FFF& 5
Internal INTTC1 IMF+ EF5 =1 IL5 FFF4 6
Extemal INT1 IMF+ EF6 =1 IL6 FFF2 7
Internal INTTBT IMF+ EF7 =1 iL7 FFFO 8
Extemal INT2 IMF- EF8 =1 L8 FFEE 9
Internal INTTC4 IMF+ EF9 =1 L9 FFEC 10
Internal INTTC3 IMF+ EF10 = 1 IL10 FFEA 1
Internal INTSBI IMF+ EF11 =1 111 FFES 12
Extemnal INT3 IMF- EF12 = 1 IL12 FFE6 13
Internal INTSIO1 IMF+ EF13 =1 1L13 FFE4 14
Internal INTS102 IMF- EF14 = 1 IL14 FFE2 15
Internal INTADC IMF+ EF15 = 1 IL15 FFEO 16
Internal INTRXD1 IMF+ EF16 = 1 IL16 FFBE 17
Internal INTTXD1 IMF* EF17 = 4 L7 FFBC 18
Internal INTTCS IMF- EF18 =1 IL18 FFBA 18
Internal INTTCS IMF* EF18 =1 IL18 FFB8 20
Internal INTRXD2 IMF» EF20 =1 IL20 FFB6& 21
Internal INTTXD2 IMF- EF21 = 1 IL21 FFB4 22
Internal INTTC2 IMF+* EF22 =1 1L22 FFB2 23
External INTS IMFe EF23 =1 IL23 FFBO 24
- Reserved IMFe EF24 =1 1L24 FFAE 25

- Reserved IMF« EF25 =1 1L25 FFAC 26

- Reserved IMF« EF25 =1 I1L26 FFAA 27

- Reserved IMF« EF27 =1 IL27 FFA8 28

- Reserved IMF+ EF28 = 1 IL28 FFA6 29

- Reserved IMF+ EF29 =1 IL29 FFA4 30

- Reserved IMF= EF30 =1 IL30 FFA2 31

- Reserved IMF« EF31=1 IL31 FFAQ 32

Note 1: To use the address trap interrupt (INTATRAP), clear WDTCR1<ATQUT= to “0" (It is set for the “reset request” after reset
is cancelled). For details, see “Address Trap”.
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3.1 Interrupt latches (IL20to IL2) TMPBEFS4IFG

TENTATIVE

3.1 Interrupt latches (IL24 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 inter-
rupt latches are initialized to “0” during reset.

The interrupt latches are located on address 002EH, 002FH, 003CH and 003DH in SFR area. Except for IL3 and
IL2, each latch can be cleared to “0* individually by instruction. (However, the read-modify-write instructions such
as bit manipulation or operation instructions cannot be used, Interrupt request would be cleared inadequately if inter-
rupt is requested while such instructions are executed.) Thus interrupt request can be canceled/initialized by soft-
ware.

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

Note: Before manipulating each interrupt latch (IL}, be sure to clear the interrupt master enable flag (IMF) to "0" {to dis-
able interrupts). The interrupt enable flags (EFs) and interrupt latches {ILs) must be manipulated under the following
conditions; otherwise operation cannot be guaranteed.

1, After the DI instruction is executed.
2. The IMF is automatically cleared to "0" when an interrupt is accepted. However, when interrupt nesting is
enabled, be sure to manipulate the EFs and ILs before setting the IMF to "1" (to enable interrupts).

Example 1 :Clears interrupt latches

bl (IMF =0
LDW (ILL), 19101000001111118  ;|L12, IL10to L6 ¢~ 0
El (IMF € 1

Example 2 :Reads interrupt latchess

LD WA, {ILL) W ILH, A<—ILL

Example 3 :Tests interrupt latches
TEST (ILL). 7 I IL7 = 1 then jump
JrR F, SSET

3.2 Interrupt enable register (EIR)

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

The EIR consists of an interrupt master enable flag (IMF) and the individual interrupt enable flags (EF). These
registers are located on address 002CH, 002DH, 003AH and G03BH 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).

3.2.1 Interrupt master enable flag (IMF)

The interrupt enable register (IMF) enables and disables the acceptance of the whole maskable interrupt.
While IMF = “07, all maskable interrupts are not accepted regardless of the status on each individual interrupt
enable flag (EF). By setting IMF to “17, 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 inter-
rupts which follow are disabled. By executing return interrupt instruction [RETI/RETN], the stacked data,
which was the status before interrupt acceptance, is loaded on IMF again.

The IMF is located on bit0 in EIRL (Address: 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 initial-
ized to “0™.
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3.2.2 Individual interrupt enable flags (EF24 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” dis-
ables acceptance. During reset, all the individual interrupt enable flags (EFZO to EF4) are initialized to “0” and
all maskable interrupts are not accepted until they are set to “1”.

Note: Before manipulating each interrupt latch (IL), be sure to clear the interrupt master enable flag (IMF) to "0" (to
disable interrupts). The interrupt enable flags (EFs) and interrupt laiches (ILs) must be manipulated under the
following conditions; otherwise operation cannot be guaranteed.

1. After the Dl instruction is executed.
2. The IMF is automatically cleared to "0 when an interrupt is accepted. However, when interrupt nesting is
enabled, be sure to manipulate the EFs and ILs before setting the IMF to "1" (to enable interrupts).

Example 1 :Enables interrupts individually and sets IMF

D J IMF ¢~ 0

LDW (EIRL), 11101000101000008 : EF15 to EF13, EF11, EF7, EF5 4— 1
: Note: IMF is not set,

El (IMF ¢— 1

Example 2 :C compiler description example
unsigned int _io (3AH) EIRL; * 3AH shows EIRL address */
b
EIRL = 101000008;

_Elt;
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3.2 Interrupt enable register (EIR) TMPBGFS49FG

TENTATIVE

Interrupt Latches

{Initial value: 00000000000000*™)

IL 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
(0030DH,
003CH) IL15 | IL14 [ IL13 | IL12 | Ikt | IL10 ILg IL8 L7 L& ILS L4 I3 L2
ILH {DO3DH) ILL {003CH)
(Initial value: F00D0000GOCO0000)
EIL 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

(DDZFH, D0ZEH) IJ‘M | 1L30 | ILzs | IL28 | 1L27 | 126 | IL25 | IL24 | L23 | IL22 | IL21 | ILz0 | IL13 | 1L18 | IL17 | IL18 |

LD {002FH})

ILE (DO2EH)

atRD
IL20~IL2 Interrupt latches

1: Interrupt request

0: No interrupt request

at WR
0: Clears the interrupt request
1: {Interrupt latch is not set)

RAW

Note 1: To clear any one of bits IL7 to [L4, be sure to write "1" into L2 and 1L3.

Nole 2: Before manipulating each interrupt latch (IL), be sure to clear the interrupt master enable flag (IMF) to "0” (to disable inter-
rupts). The interrupt enable flags (EFs) and interrupt latches (ILs) must be manipulated under the following conditions;
otherwise operation cannot be guaranteed.

1. After the Dl instruction is executed.

2. The IMF is automatically cleared to "0" when an interrupt is accepted. However, when interrupt nesting is enabled, be
sure to manipulate the EFs and ILs before setting the IMF to "1” (fo enable interrupts).

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

Interrupt Enable Registers

(nitial value: 000000000000**0)

EIR 15 14 13 12 1 10 9 8 7 B 5 4 3 2 1 0
{003BH,
003AH) EF15 | EF14 | EF13 | EF12 | EF11 | EF10 { EF9 | EF8 EF7 EF& EF5 EF4 IMF
EIRH (003BH) EIRL (003AH)
(Initial value: 0000000000000000)
EEIR 15 14 13 12 11 10 2] 3 7 3 5 4 3 2 1 0
{002DH,
D02CH) EF31 | EF30 | EF29 | EF28 | EF27 | EF26 | EF25 | EF24 | EF23 | EF22 | EF21 | EF20 | EF19 | EF18 | EF17 | EF18
EIRD (002DH) EIRE (002CH)
Individual-interrupt enable flag | 0: 0: Disables the acceptance of each maskable interrupt.
EF20~EF4 ) . .
{Specified for each bit) 1: 1: Enables the acceptance of each maskable interrupt.
RIW
0: 0: Disables the acceptance of all maskable interrupts
IMF
Interrupt master enable flag 1:  1: Enables the acceptance of all maskable interrupts

Note 1: *: Don't care
Note 2: Do not set IMF and the interrupt enable flag (EF15 to EF4) to “1” at the same time.
Note 3: Before manipulating each interrupt latch (iL), be sure to clear the interrupt master enable flag (IMF) to "0" (to disable inter-

rupts). The interrupt enable flags (EFs) and interrupt latches {ILs) must be manipulated under the following conditions;
otherwise operation cannot be guaranteed.

1, After the DI instruction is executed.

2. The IMF is automatically cleared to "0" when an interrupt is accepted. However, when interrupt nesting is enabled, be
sure to manipulate the EFs and ILs before setfing the IMF to ™1" (to enable interrupts).

Page 36



TO s H I BA TE NT AT'VE TMP8EFS49FG

3.3 Interrupt Sequence

An interrupt request, which raised interrupt latch, is held, until interrupt is accepted or interrupt tatch is cleared to
“0” by resetting or an instruction. Interrupt acceptance sequence requires 8 machine cycles (2 ms @16 MHz) after
the completion of the current instruction. The interrupt service task terminates upon execution of an interrupt return
instruction [RETI] (for maskable interrupts) or [RETN] (for non-maskable interrupts). Figure 3-1 shows the timing
chart of interrupt acceptance processing.

3.3.1 Interrupt acceptance processing is packaged as follows.

a. The interrupt master enable flag (IMF) is cleared fo “0” in order to disable the acceptance of any fol-
lowing interrupt.
b. The interrupt latch (IL.) for the interrupt source accepted is cleared to “0”,

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

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

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

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

interrupt service task

A T T T

1-machine cycle

A
3

Imgrrupt
reguest

ifterrupt g

fateh (IL)

IMF o \yf
1] ]

#s X O 0036 6D EECTIES € &
n-s

A L LI L L LR

sp n

Note 1: a: Return address entry address, b: Entry address, ¢: Address which RETI instruction is stored

Note 2: On condition that interrupt is enabled, it takes 38/fc [s] or 38/fs [s] at maximum (If the interrupt latch is set at the first
machine cycle on 10 cycle instruction) to start inferrupt acceptance processing since its interrupt latch is set.

Figure 3-1 Timing Chart of Interrupt Acceptance/Return Interrupt Instruction

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

Vector table address Entry address
Interrupt
service
program
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3.3 Interrupt Sequence TMP86FS49FG

TENTATIVE

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

In order to utilize nested interrupt service, the IMF is set to “1” in the interrupt service program. In this case,
acceptable interrupt sources are selectively enabled by the individual interrupt enable flags.

To avoid overloaded nesting, clear the individual interrupt enable flag whose interrupt is currently serviced,
before setting IMF to “1”. As for non-maskable interrupt, keep interrupt service shorten compared with length
between interrupt requests; otherwise the status cannot be recovered as non-maskable interrupt would simply
nested.

3.3.2 Saving/restoring general-purpose registers

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

3.3.2.1 Using PUSH and POP instructions

If only a specific register is saved or interrupts of the same source are nested, general-purpose registers
can be saved/restored using the PUSH/POP instructions.

Example :Save/store register using PUSH and POP instructions
PINTxx: PUSH WA ; Save WA register

(interrupt processing)

POP Wa ; Restare WA register
RETI ; RETURN
..} Address
.................................................................................... (Exampie)
..................... N
N, S
GP eyl w 8P —
PCL PCL PCL
PCH U105 N I PCH .
....... PSW . B = ! I g
Atacceptance of [ At exscution of £ At execution of % Atexecution of
an interTupt PUSH instruction POP instruction RET! instruction

3.3.2.2 Using data transfer instructions

To save only a specific register without nested interrupts, data transfer instructions are available,
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Example :Save/store register using data transfer instructions
PINTxx: ) LD {GSAVA), A ; Save A register
(interrupt processing)
LG A, (GSAVA) ; Restore A register
RETI ; RETURN

Main task
Interrupt inter‘rupt
acceptance service task

S registers

i Restoring
i registers

..................
l Interrupt retum

Saving/Restoring general-pupose registers using PUSHIPOP data transfer instruction

Figure 3-2 Saving/Restoring General-purpose Registers under Interrupt Processing

3.3.3 Interrupt return

Interrupt return instructions [RETIY[RETN} perform as follows.

[RETIMIRETN] Interrupt Retum

1. Program counter (PC) and program status word
(PSW, includes IMF} are restored from the stack.
2. Btack pointer (5P} is incremented by 3.

As for address trap interrupt (INTATRADP), it is required to alter stacked data for program counter (PC) to
restarting address, during interrupt service program.

Note:If [RETN] is executed with the above data unaltered, the program returns to the address trap area and

INTATRAP occurs again.When interrupt acceptance processing has completed, stacked data for PCL and
PCH are located on address (SP + 1) and (SP + 2) respectively.

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

PINTxx: POP WA ; Recover SP by 2
LD WA, Retumn Address
PUSH WA ; Alter stacked data

(interrupt processing)

RETN s RETURN
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3.4 Software Interrupt (INTSW) TMPBEFS49FG

TENTATIVE

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

PINToc INC SP : Recover SP by 3
INC SP ;
INC 8P : Y

(interrupt processing)
LD EIRL, data ; Set IMF to “1" or clear it to “0”

JP Restart Address ; Jump into restarting address

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

Note 1: It is recommended that stack pointer be return to rate before INTATRAP (Increment 3 times), if return inter-
rupt instruction [RETN] is not utilized during interrupt service program under INTATRAP (such as Example
2).

Note 2: When the interrupt processing time is longer than the interrupt request generation time, the interrupt service
task is performed but not the main task.

3.4 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,

3.4.1 Address error detection

FFH is read if for some cause such as noise the CPU attempis 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 gener-
ated and an address error is defected. 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, SFR or DBR areas.

3.4.2 Debugging

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

3.5 Undefined Instruction Interrupt (INTUNDEF)

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

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

3.6 Address Trap Interrupt (INTATRAP)

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

Note: The operaling mode under address trapped, whether to be reset output or interrupt processing, is selected on
watchdog timer contral register (WDTCR).
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3.7 External Interrupts

The TMP86FS49FG have 5 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 INTO to INT5. The INTO/PO0 pin can bg configured as either an external inter-
rupt input pin or an input/output pott, and is configured as an input port during reset.

Edge selection, noise reject control and INTO/POOQ pin function selection are performed by the external interrupt
control register (EINTCR).

saconday

Source Pin )
function

Enable Conditions Edge Digita! Noise Reject

Pulses of less than 2/fc [s] are eliminated as
noise. Pulses of 7/fc [s] or more are considered
—_ IMF =1, EF4 =1, " fo be signals. In the SLOW or the SLEEP mode,
(] NTO

INT ' Fo0 INTOEN = 1 Falling edge pulses of less than 14s [s] are eliminated as
noise. Pulses of 3.5/s [s] or more are consid-

ered fo be signals.

Pulses of less than 15/fc or 83/fc [s] are elimi-
nated as noise. Pulses of 49/fc or 193/fc [s] or
more are considered to be signals. In the SLOW
or the SLEEP mode, pulses of less than 1/fs [s]
are eliminated as noise. Pulses of 3.5/fs [s] or
more are considered to be signals,

Falling edge
INT1 INT1 P03 IMF-EF&=1 ar
Rising edge

Pulses of less than 7/c [s] are eliminated as
noise, Pulses of 25/f¢ [s] or more are considered
to be signals. In the SLOW or the SLEEP mode,
pulses of lass than 1/fs [s] are eliminated as
noise. Pulses of 3.5/fs [s] or more are consid-
ered to be signals,

Falling edge
INT2 INT2 PO7 IMF-EF8=1 ar
Rising edge

Pulses of less than 7/c [s] are eliminated as
naise. Pulses of 25/fc [s] or more are considered
to be signals. In the SLOW or the SLEEP mode,
pulses of less than 1/s [s] are eliminated as
noise. Pulses of 3.5/5 [s] or more are consid-
ered to be signals.

Falling edge
INT3 INT3 P15 IMF+EF12=1 or
Rising edge

Pulses of less than 2ffc [s] are eliminated as
noise. Pulses of 7/fc [s] or mere are cansidered
to be signals. In the SLOW or the SLEEP mode,
pulses of less than /s [s] are eliminated as
noise. Pulses of 3.5/fs [s] or more are congid-
ered to be signals.

INTS INTE P20/stos | MFEF23=1 Falling edge

Note 1: In NORMAL1/2 or IDLE1/2 mode, if a signal with no neise is input on an external interrupt pin, it takes a maximum of "sig-
nal establishment time -+ 6/fs[s]" from the input signal's edge to set the interrupt latch.

Note 2: When INTOEN = "0", L4 is not set even if a falling edge is detected on the INTO pin input.

Note 3: When a pin with more than cne funclion is used as an output and a change occurs in data or input/output status, an inter-
rupt request signal is generated in a pseudo manner. in this case, it is necessary to perform appropriate precessing such
as disabling the interrupt enable flag.
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3.7 External Interrupts TENTATIVE TMPRGFS49FG
External Interrupt Control Register
EINTCR 7 8 5 4 3 2 1 o]
(0037H) I INTING | INTOEN | - - | INT3ES | INTZES | INT1ES [ ! (Initial value: 00** 0D0*)
! L 0: Pulses of less than §3/fc [5] are eliminated as noise
INT1 RW
NC Neise reject time select 1: Pulses of less than 15ffc [s] are eliminated as noise
. _ 0: POO input/output port
0 / — RAW
INTOEN POD/INTO pin configuration 1: INTO pin {Port PO0 should ba set to an input mode)
0: Rising edge
RIW
INT3 ES INT3 edge select 1: Faliing edge
0: Rising edge
INT2Z ES INT2 edge select 1: Falling edge RAW
INT1 ES (NT1 edge select 0: Rising edge RAW
1: Falling edge

Note 1: fc: High-frequency clock [Mz], *: Don't care

Note 2: When the system clock frequency is switched between high and low or when the extemal interrupt control register
(EINTCRY) is overwritten, the noise canceller may not operate normally. it is recommended that external interrupts are dis-

abled using the interrupt enable register (EIR).
Mote 3: The maximum time from modifying INT1NG until a noise reject time is changed is 2%/c.
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4. Special Function Register (SFR)

The TMP86FS49FG adopts the memory mapped I/O system, and all peripheral control and data transfers are per-
formed through the special function register (SFR) or the data buffer register (DBR). The SFR is mapped on address
0000H to 003FH, DBR is mapped on address OF80H to OFFFH.

This chapter shows the arrangement of the special function register (SFR) and data buffer register (DBR) for

TMP86FS49FG.
41 SFR
Address Read Wiite
0000H PODR
00D1H P1DR
0002H P2DR
0Q03H P3DR
0004H PADR
0005H P5DR
0006H PsDR
0007H P7DR
0008H POCUTCR
000SH P1CR
000AH P4OUTCR
000BH POPRD -
DOOCH P2PRD -
000DH P3PRD -
00CEH P4PRD -
000FH P5PRD -
0010H TC1DRAL
0011H TC1DRAH
0012H TC1DRBL
0013H TC1DREBH
0014H TTREG3
0015H TTREG4
0016H TTREGS
0017H TTREGE
0018H PWREG3
001gH PWREG4
001AH PWREGS
001BH PWREGSE
001CH ADCCRA1
001DH ADCCR2
001EH ADCDR2 -
001FH ADCDR1 -
0020H SIOMCR
002tH SIO1SR -
0022H SIO1RDB SIO1TDB
0023H TC2CR
0024H TC2DRL
0025H TC2DRH
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4.4 8FR

TENTATIVE

TMPB6FS49FG

Address Read | Wiite
0026H TC1CR
D0027H TC3CR
0028H TC4CR
0029H TCS5CR
002AH TC6CR
002BH SI02RDB S102TDB
002CH EIRE
002DH EIRD
002EH ILE
002FH ILD
0030H Reserved
0031H SI02CR
0032H 81025R -
D033H Reserved
0034H - WDTCR1
0035H " WDTCR2
0036H TBTCR
0037H EINTCR
0038H SYSCR1
0039H SYSCR2
003AH EIRL
003BH EIRH
003CH ILL
003DH ILH
QU3EH Reserved
003FH PSW

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.).
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TMP86FS49FG

42 DBR

Address Read I Write
0F80H Reserved

DF81H Reserved

DF82H Reserved

OF83H Reserved

0F84H Reserved

OF85H Reserved

0F8&H Reserved

OF87H Reserved

OF8&8H Reserved

OF88H Reserved

OFBAH Reserved

0F8EBH Reserved

QF&CH Reserved

QF8DH Reserved

OFBEH Reserved

oF8FH Reserved

OF90H SBISRA SBICRA
O0F91H SBIDBR

0F92H - 12CAR
OFg3H SBISRB SBICRB
0F94H -

OF95H UART1SR UART1GR1
OF96H - UARTICR2
O0F97H RDBUF1 TDBUF1
OF98H UART2SR UART2CR1
OF99H - UART2CR2
OF9AH RDBUF2 TDBUF2
OF9BH P&CR1

OFacH PECR2

OF9DH P7CR1

OFBEH P7CR2

OFSFH - STOPCR
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4.1 SFR

TENTATIVE

TMP86FS49FG

Address Read Write
OFAOH Reserved
OFATH Reserved
0FAZH Reserved
OFA3H Reserved
OFA4H Reserved
OFASH Reserved
QFASH Reserved
OFATH Reserved
OFASH Reserved
OFASH Reservad
OFAAH Reserved
OFABH Reserved
OFACH Reserved
OFADH Reserved
OFAEH Reserved
OFAFH Reserved
OFBOH Reserved
OFB1H Reserved
OFB2H Reserved
OFB3H Reserved
0FB4H Reserved
OFB5H Reserved
0FB6H Reserved
OFB7H Reserved
OFB&H Reserved
OFB9H Reserved
OFBAH Reserved
OFBBH Reserved
OFBCH Reserved
OFBDH Reserved
OFBEH Reserved
OFBFH Reserved
0FCOH Reserved
OFC1H Reserved
OFC2H Reserved
OFC3H Reserved
OFC4H Reserved
OFCsH Reserved
OFCS&H Reserved
OFC7H Reserved
OFCgH Reserved
OFCSH Reserved
OFCAH Reserved
OFCBH Reserved
OFCCH Reserved
OFCDH Reserved
OFCEH Reserved
OFCFH Reserved
OFDOH Reserved
OFD1H Reserved
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Address Read | Wite
OFD2H Reserved
OFD3H Reserved
OFD4H Reserved
OFD5H Reserved =
OFDEH Reserved
OFDTH Reserved
OFD8H Reserved
OFD9H Reserved
OFDAM Reserved
OFDBH Reserved
OFDGCH Reserved
OFDDPH Reserved
OFDEH Reserved
OFDFH Reserved
OFEOH Reserved
OFE1H Reserved
OFE2H Reserved
OFE3H Reserved
OFE4H Reserved
OFESH Reserved
OFEBH Reserved
OFE7H Reserved
OFE8H Reserved
OFEgH Reserved
OFEAH Reserved
OFEBH Reserved
OFECH Reserved
OFEDH Reserved
OFEEH Reserved
OFEFH Reserved
0FFOH Reserved
OFF1H Reserved
OFF2H Reserved
OFF3H Reserved
OFF4H Reserved
OFF5H Reserved
OFFBH Reserved
OFF7H Reserved
OFF8H Reserved
OFF9H Reserved
OFFAH Reserved
OFFBH Reserved
OFFCH Reserved
OFFDH Reserved
OFFEH Reserved
OFFFH FLSCR

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 cperation instructions such as AND, OR, etc.).
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4.1 SFR
TMP86FS49FG

TENTATIVE
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5. 1/O Ports

The TMP86FS49F G has 8 parallel input/output ports (56 pins) as follows.

Primary Function Secondary Functions
Port PO B-bit 170 port External intemupt, serial interface input/output and UART input/output.
Port P1 B-hit 110 port External interrupt and timer counter input/output.

Low-frequency resonator connections, external interjupt input, STOP mode

Port P2 8-bit IO port release signal input.

Port P3 B-bit /O port

Port P4 B8-hit IO port Serial interface inputfoutput and UART input/cutput.
Port P5 4-bit VO port Serial bus interface input/output.

Port P& 8-hit /0 port Analog input and STOP mode release signal input.
Port P7 8-bit IO port Analed input.

Each output port contains a latch, which holds the output data. All input ports do not have latches, so the external
input data should be externally held until the input data is read from outside or reading should be performed several
timer before processing. Figure 5-1 shows input/output timing examples.

External data is read from an 1/Q port in the 81 state of the read cycle during execution of the read instruction. This
timing cannot be recognized from outside, so that transient input such as chattering must be processed by the pro-
gram.

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

., Fetcheycle = Fetchoycle = Readcycle |

| Lt 3 L 3 e |

80 81 82 83 80 S1 82 83 S0 81 82 83

Instruction execution cycle Exampl'e:LI? A. (J-()I , |

Input strobe ..... . l ! ......

Datainput
(@) Inputfiming
Fetch cycle Fetch cycle Wiite cycle
S50 S1 52 85 SG¢ 51 S2 53 S0 S1 52 S3
Instruction execution cycle \ Exlampl'e: LE') ()lc),Al Ly |
Output strobe ..... I_]__ ......
Data output Old X New ...

(b) Output timing

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

Figure 5-1 Input/Output Timing (Example)
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5.1 Port PO (P07 to P0O)
Port PO is an 8-bit input/output port.
Port PO is also used as an external interrupt input, a serial interface input/output and an UART input/output.

When used as an input port, an external interrupt input, a serial interface ifiput/output and an UART input/output,
the corresponding output latch (PODR) should be set to "1°.

During reset, the PODR is initialized to "1", and the POOUTCR is initialized to "0".

1t can be selected whether output circuit of PO port is a C-MOS output or a sink open drain individually, by setting
POOUTCR. When a corresponding bit of POOUTCR is "0". the output circuit is selected to a sink open drain and
when a corresponding bit of POOUTCR is "1", the output circuit is selected to a C-MOS output.

When used as an input port, an external interrupt input, a serial interface input and an UART input, the corre-
sponding output control (POOUTCR) should be set to "0" after PODR is set to "1".

PO port output latch (PODR) and PO port terminal input (POPRD) are located on their respective address.

When read the output latch data, the PODR should be read. When read the terminal input data, the POPRD register
should be read.

Table 5-1 Register Programming for Multi-function Ports (P07 to P0O)

Programmed Value
Function
PODR POOUTCR

Port input, external input, seral interface input or g 0"
UART input
Part “0” cutput 0" Programming
Port "1 cutput, serial interface output or UART wgn for each applica-
autput 1 tions

Soh———4 > 1
OUTEN
POOUTCRI

POOUTCRI input «
Data input (POPRD)

F 3

Qutput latch read (PODR) <

-1
~J
Data output (PODR) :II P Q II D__|‘/ D PO

Control output Quiput Iatch;|
Control input «

AN

MNote: i=7100

Figure 5-2 Port 0 and POOUTCR

Page 50



TO s H I BA TE NTATIVE TMPBSFS49FG

PODR 7 6 5 4 3 2 1 ¢
(00o0H) PO7 P06 P05 P04 P03 P02 P01 POO o
RW INT2 | SR | so s iNT1 | o1 | Rxpt | [ (el value 1T
POOUTCR | | | | | | | | | gritial value: 0000 0000)
(0008H)

0: Sink open-drain output

PACUTCR | Port PO cutput circuit control {Set for each bit individually) 1: C-MOS output

POPRD Po7 | Pos | Pos ] Po4 ] pos | pPo2 | pot [ Poo |
(0DOBH)
Read only

Page 51



5. HO Ports
TMPB6FS49FG

TENTATIVE

5.2 Port P1 (P17 to P10)

Port P1 is an 8-bit input/output port which can be configured as an input or output in one-bit unit.

Port P1 is also used as a timet/counter input/output, an external interrupt input and a divider output.

Input/output mode is specified by the P'1 control register (P1CR). =

During reset, the P1CR is initialized to "0" and port P1 becomes an input mode. And the P1DR is initialized to "0".

When used as an input port, a timer/counter input and an external interrupt input, the corresponding bit of PICR
should be set to "0".

When used as an output port, the corresponding bit of PICR should be set to "1",

When used as a timer/counter output and a divider output, PIDR is set to "1" beforehand and the corresponding bit
of P1CR should be set to "1".

When P1CR is "1", the content of the corresponding output latch is read by reading P1DR.

Table 5-2 Register Programming for Multi-function Ports

Programmed Value
Functicn
P1DR P1CR
Port input, timer/counter input or external interrupt N ugr
input
Port “0” output “Qr 1"
Port “1” output, a timer output or a divider output “1" 1"

MNote: Asterisk (*) indicates “1” or “0” either of which can be selected.

STOP — | _
OUTEN —03 L
PICRi —>»{D a ¢ >

P1CRiinput «——<}——

Data input (P1DR) < ' <] =

Data output (P1IDR) —>»|D Q . :)_|> DPﬁ

Output latch

Y

Control oufput

Control input

F

Note: i=7to 0

Figure 5-3 Port 1 and P1CR
Note: The port set to an input mode reads the terminal input data. Therefore, when the input and output modes are used

together, the content of the output latch which is specified as input mode might be changed by executing a bit
Manipulation instruction.
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7 6 5 4 3 2 1 0
P1DR Pi7 P16 P15 P14 P13 P12 P11 P10
@ootHy | TG8 TCS TC2 TO4 TC3 e DVO TC1
RAW PWM6E PWMS INT3 PWM4 PWM3 {Initial value; 0ODD 0GOD)
PDO6 PDOS PDO4 PDO3
PFFCE e
P1CR 7 6 5 4 3 2 1 0
{0009H) | | [ | | | | | I (Initial value: Q000 0000}
PIGR | I/O controf for port P1 (Specified for each bit) 0: Input mode RIW
P s 1: Qutput mode
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5.3 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 con-
nection pins. When used as an input port or a secondary function pins, respective output latch (PZDR) 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 (XTOUTY) 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, 8 STOP mode release signal input, or
an input port. IT it is used as an output port, the interrupt latch is set on the falling edge of the output pulse.

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

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

Data input (P20PRD) <} 'ﬂ\]—
Data input (P20) «—Q—l
Data output (P20) o a 4 {: ["] P20 (iNTS, STOP)
Qutput tatch
Contorl input <€ @

Data input (P21PRD} <]_Qi||

Qutput latch read (P21} «—
Data output (P21) — D Q +

Data input (P22PRD) Output aich Q‘*’\'Sg

QOutput latch read {(P22) 4——<—1

Data output (P22) ——@ .
Quitput latch

STOP [ |:

Osc. enable

Tt—h % {] P21 (xTiny
i

{ ] P22 (xToum

]

Y

OUTEN
XTEN
Figure 5-4 Port 2
7 6 5 4 3 2 1 0
(ooozH | p22 P21 P20
RAW XTOUT |  XTIN INT5 | {Initial value: ** *111)
: ] 5TOP
P2PRD | ' | P22 | P21 | P20 |
(000CH) : : : :
Read anly

Note: Port P20 is used as STOP pin. Therefore, when stop mode is starled, OUTEN does not affect to P20, and P20 becomes
high-Z mode.
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54 Port P3 (P37 to P30) (Large Current Port)

Port P3 is an 8-bit input/output port.

When used as an input port, the corresponding output latch (P3DR) should be set to "1".
During reset, the P3DR is initialized to "1". *

P3 port output latch (P3DR) and P3 port terminal input (P3PRD) are located on their respective address.

When read the output latch data, the P3DR should be read. When read the terminal input data, the P3PRD register

should be read.
S —J >
QUTEN
Data input (P3PRD) <|" =
Output latch read (P3DR) < <|'
™~
Data output (P3DR) ——>»{D Q P P3i
Note: i=7to 0
Figure 5-5 Port 3
P3DR 7 -] 5 4 3 2 1 0
(0003H)| P37 | P36 | P35 | P34 | P33 | P32 l P31 | P30 |(Initiatvalue:1111 111
RIW
P3PRD P37 | P36 | P35 | P34 | P33 | P32 | P31 ] P30 |
{OOODH)
Read only
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5.5 Port P4 (P47 to P40)

Port P4 is an 8-bit input/output port.
Port P4 is also used as a serial interface input/output and an UART input/output.

When used as an input port, a serial interface input/output and an UARTinput/output, the corresponding output
latch (P4DR) should be set to "1".

During reset, the P4DR is initialized to "1", and the PAOUTCR is initialized to "0".

It can be selected whether output circuit of P4 port is a C-MOS output or a sink open drain individually, by setting
P40UTCR. When a corresponding bit of PAOUTCR is "0". the output circuit is selected to a sink open drain and
when a corresponding bit of PAOUTCR is "1", the output circuit is selected to a C-MOS output.

When used as an input port, a serial interface input and an UART input, the corresponding output control
(P40UTCR) should be set to "0" after P4DR is set to "1".

P4 port output latch (P4DR) and P4 port terminal input (P4PRD) are located on their respective address.

‘When read the output latch data, the PADR should be read. When read the terminal input data, the PAPRD register
should be read.

Table 5-3 Register Programming for Muiti-function Ports (P47 to P40)

Programmed Value
Function
PADR P4QUTCR
Port input UART input or serial interface input “1” 0"
Port “0" output o Programming
Port “1” output UART output or serial interface o for each applica-
output tions
stor——— »
QUTEN
PACUTCRI »D O
R
P4OUTCRI input
Data input (PAPRD) < < a
Output latch read (PADR) <€ <]
Data output (P4DR) 4”“‘_4!3“" ) [ ea

Qutput Iatch_‘l

Control output
Control input «

Note: i=7to0

Figure 5-6 Port4
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P4DR 7 B 5 4 3 2 1 o
(0004H) P47 P46 P45 P44 P43 P42 P41 P40 -
RW SCIE 502 si2 TXD2 RXD2 {Initial value: 1111 1111)
P4OUTCR | | | | | | | | | anitial vaie: 6000 0000)
(0O0AH)

0: Sink open-drain output RAW

P4OUTCR | Port P4 output circuit control (Set for each bit individually) 1: C-MOS output

P4PRD pa7 | pas | P45 | P44 | P43 | P42 | P41 | P40 |
{00OEH)
Read only
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5.6 Port P5 (P574 to P50) (Large Current Port)
Port P5 is an 5-bit input/output port.
Port P5 is also used as an I°C Bus input/output.
When used as an input port and I*C Bus input/output, the corresponding oufcput latch (P5DR) should be setto "1".
During reset, the PSDR is initialized to "1".

P35 port output latch (PSDR) and P35 port terminal input (P5PRD) are located o their respective address.

When read the output latch data, the PSDR should be read. When read the terminal input data, the PSPRD register
should be read.

If a read instruction is executed for port P5, read data of bit 7 to 5 are unstable.

Data input (PSPRD} <

STOP ————
OUTEN —c:>
<
~J

Output latch read (PSDR) «

1

<
Data output (P5DR) »D Q N
Output Iatch‘_l

7
/
[
B;

Control cutput
Control input

Note: i=4t00
Figure 5-7 Port 5

PSDR 7 [ 5 4 3 2 1 0
(0005H) P54 P53 P52 P51 P50 - -

RAW SoA soL | (nitial value: 1 1111)
PSPRD | [ ps¢ | Psa | Pz | P51 | s |

(000FH) . :
Read only
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5.7 Port P6 (P67 to P60)

Port P6 is an 8-bit input/output port which can be configured as an input or output in one-bit unit.
Port P6 is also used as an analog input and key-on wakeup input.
Input/output mode is specified by the P6 control register (P6CR1) and P6 ifiput control register (P6CR2).

During reset, the P6CRI1 is initialized to "0" the P6CR2 is initialized to "1" and port P6 becomes an input mode.
And the P6DR is initialized to "0".

When used as an output port, the corresponding bit of PGCRI should be set to "1".

When used as an input port and a key-on wakeup input , the corresponding bit of P6CR1 should be set to "0" and
then, the corresponding bit of P6CR2 should be setto "1".

When used as an analog input, the corresponding bit of P6CR1 should be set to "0" and then, the corresponding bit
of P6CR2 should be set to "0".

When P6CRI1 is "1", the content of the corresponding output latch is read by reading P6DR.

Table 5-4 Register Programming for Multi-function Ports

Programmed Value
Function
PBDR PECR1 P6CR2
Port input or key-on wakeup input " ‘0" "
Analog input * g g
Port “0” output "y ugr .
Port *17 cutput wgt g .

Note: Asterisk (*) indicates “1” ar “0" either of which can be selected.

Table 5-5 Values Read from F6DR and Register Programming

Conditions
Values Read from PSDR
PECR1 PeCR2

g age g

0" T Terminal input data
ag

M Qutput latch contents
oy
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P6CR2i Q : : D
PECR2i input <«
P6CR] a "
PGCR1iinput -

Control input

Data input (PBDRI)

Data output (P6DRi)

STOP
OUTTEN

Analog input

AINDS
SAIN

Key-on wakeup
STOPKEN

PECR2j
PECR2j input

P6CRI]

P6CR1] input
Data input (PEDRj)

Data output (P6DRj)

STOP
OUTTEN

Analog input

AINDS
SAIN

Note 1:1=3100,j=7to4, k=310

A

A

N

A

sl
™~
T

o
a) P63 to P60

Qe
Q
Q

1

e
>

Note 2: STOP is bit7 in SYSCR1.

Note 3: SAIN is AD input select signal.

b) P&7 to P64

Note 4: STOPKEN is input select signal in a key-on wakeup.

Figure 5-8 Port 6, P6BCR1 and P6CR2
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7 8 5 4 3 2 1 0
P6OR
(0006H) P67 P&6 Pg5 P64 P63 P62 P61 P&0o
RIW amno7 | amvos | oamos | anos | amvos | anoz | AiNot | AN0O | (nitial value: 0000 0000)
sTOP3 | sToP2 | sTopi | sTopo .
PBCR1 7 8 5 4 3 2 1 0
(OFBH) | | ] | | | | | | {Initial value: 000D 0000)
PECR1 | 1O contral for port P6 (Specified for each bit) 0: Input mode RV
P s 1: Output mode
PGCR2 T 8 5 4 3 2 1 0
(QFOCH) | | l | | ] | | | (Initial value: 1111 11113
0: Analog input
P&CR2 P& port input control (Specified for each bit) 1: Port input, external interrupt input or key-on wakeup RW
input

Note 1: The port placed in input mode reads the pin input state. Therefore, when the input and output modes are used together,
the output latch contents for the port in input mode might be changed by executing a bit manipulation instruction.

Note 2: When used as an analag inport, be sure to clear the corresponding bit of PECR2 to disable the port input.
Note 3: Do not set the output mode (P8CR1 = *1") for the pin used as an analog input pin.

Note 4: Pins not used for analog input can be used as IO ports. During AD corversion, output instructions should not be executed
to keep a precision. In addition, a variable signal should not be input to a port adjacent to the analog input during AD con-
version.
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5.8 Port P7 (P77 to P70)

Port P7 is an 8-bit input/output port which can be configured as an input or output in one-bit unit.
Port P7 is also used as an analog input.
Input/output mode is specified by the P7 control register (P7CR1) and P7 ifiput control register (P7CR2).

During reset, the P7CR1 is initialized to "0" the P7CR2 is initialized to "1" and port P7 becomes an input mode.
And the P7DR is initialized to "0".

When used as an output port, the corresponding bit of P7CR1 should be set to "1".

‘When used as an input port, the corresponding bit of P7CR1 should be set to "0" and then, the corresponding bit of
P7CR2 should be set to "1".

When used as an analog input, the corresponding bit of P7CR1 should be set to "0" and then, the corresponding bit
of P7CR2 should be set to "0".

When P7CR1 is "1", the content of the corresponding ouiput latch is read by reading P7DR.

Table 5-6 Register Programming for Multi-function Ports

Programmed Value
Function
P7DR P7CR1 P7CR2

Port input external interrupt input or key-on wakeup N “r g
input

Analog input * ‘0" 0"
Part “0” output “0” “1" "
Port “17 output " " >

Note: Asterisk {*) indicates “1” or “0" either of which can be selected.

Table 5-7 Values Read from P7DR and Register Programming

Conditions
Values Read from P7DR
P7CR1 P7CR2

g age g

0" *M” Terminal input data
uge

" Output latch contents
ugn
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P7CR2i ——D a 4
P7CR2i input < —
P7CR1i ——D Q ’
P7CR1iinput
Control input

:
i

Data input (P7DRi)

Data output (P7DR) ——p  a : ™ P

STOP
OUTTEN :J )
Analeg input

AINDS
SAIN

A

Note 1:i=7t0 0
Note 2: STOP is bit7 in SYSCR1.
Note 3: SAIN is AD input select signal.

Figure 5-9 Port 7, P7CR1 and P7CR2

P7DR 7 6 5 4 3 2 1 0

(0007H) P77 P76 P75 P74 P73 P72 P71 P70
RW AINT7 | AIN1E | AINTE | AIN14 | AINI3 | AINI2 | AINT1 AIN10

{Initia) value: 0000 0000)

P7CR1 7 6 5 4 3 2 1 0
(OF9DH} | | | | | | | | | {Initial value: 0000 0000)
P7CRA1 1/Q cantrol for port P7 (Specified for each bit) 0: Input mode RAW
P peciied 1o 1: Cutput mode
PTCR2 7 6 5 4 3 2 1 s}
(OF9EH) | ] | | | | | | | (Initial value: 1111 1111)
0: Analog input
P7CR2 P7 port input control (Specified for each bit) 1: Port input, external interrupt input or key-on wakeup R
input

Note 1: The port placed in input mode reads the pin input state. Therefore, when the input and output modes are used together,
the output latch contents for the port in input mode might be changed by executing a bit manipulation instruction.

Note 2: When used as an analog inport, be sure to clear the corresponding bit of P7CR2 to disable the port input.
Note 3; Do not set the output mode (P7CR1 = “1"} for the pin used as an analog input pin.

Note 4: Pins not used for analog input can be used as /O ports. During AD conversion, output instructions should not be executed
to keep a precision. In addition, a variable signal should not be input to a port adjacent to the analog input during AD con-
version.
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6. Time Base Timer (TBT)

6.1 Time Base Timer

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 6-2}.

The interrupt frequency (TBTCK) must be selected with the time base timer disabled. (The interrupt frequency
must not be changed with the disable from the enable state.) Both frequency selection and enabling can be performed
simultaneously.

MPX

fci223 or fe/2iB—]
fcf2?! or faf2tH—
2% or tef2S—
fer2 ¥ or farg®—
fer2 B or far2B—
fei2"2 or far2fr———~-1
fo/2M or ffadmmmmmr]
fc/2® or fs/2>——

Source clock | Falling edge + IDLED, SLEEPQ
detector “ release request

——————D » INTTBT
S interrupt request

A

IOTMMOO D>

3

TBTCK TBTEN
| TBTCR

Time base timer control register

Figure 6-1 Time Base Timer Configuration

Source clock | | I I | I
1 1 1
TBTEN I

INTTBT

1
I
1
1
1 t— 1

. ' Interrupt peried *

Enable TBT

Figure 6-2 Time Base Timer Interrupt

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

LD {TBTCR), 000000108 : TBTCK « 010
LD {TBTCR}, 00001010B : TBTEN <1
DI S IMF 0

SET (EIRL) . 7

El
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Time Base Timer Controt Register
7 6 5 4 3 2 1 0
TBTCR . -
(0036H) (DVOEN) {DVOCK) (OV7CK) | TBTEN TBTCK  ° {Initial value; 0000 0000)
Time base timer 0: Disable
TBTEN enable/disable 1: Enable
NORMAL1/2 Mode, IDLE1/2 Mode SLOW, SLEEP
DVTCK =0 DV7CK =1 Mode
00D fer22d fs/215 fsi215
001 forot fs/213 fsi21®
15 8 -
TRTCK Time base timer interrupt 010 foi2 fei2 RIW
frequency select [Hz] 011 for214 fe/2B -
100 for21? fsi2® -
101 fc/2'? far2* -
110 fof2M fs/2® -
111 fo/a® fsi2 -

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

Table 6-1 Time Base Timer Interrupt Frequency (Example : fc = 16.0 MHz, fs = 32.768 kHz)

Time Base Timer Inferrupt Frequency [Hz]
TBTCK NCRMAL1/2, IDLE1/2 Mode NORMAL1/2, IDLE1/2 Mode
SLOW, SLEEP Mode
DVICK=0 DV7CK =1
000 1.91 1 1
001 7.83 4 4
010 244.14 128 -
a1 976.56 512 -
100 1953.13 1024 -
101 3806.25 2048 -
110 7812.5 4096 -
1M 31250 16384 -
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6.2 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). Divider output is from pin P30 (DVO). The P30 output latch
(P3DR) should be set to “17.

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.

Divider Output Control Register

7 B 5 4 3 2 1 0
TBTCR .
(0038H) DVOEN DVOCK (DVYCK) | (TBTEN) (TBTCK) {Initial value: 0000 0000)
Divider output 0: Disable
DVOEN enable/disable 1: Enable RIW
NORMAL1/2, IDLE1/2 Mode SLOW, SLEEP
DV7CK =0 DV7CK =1 Mode
13 5 5
Divider output (DVC) oo fel2 fs/2 fsi2
DVOCK 5 R
frequency selection [Hz] o1 fef212 fsf24 fsi2?
10 feral fsf23 fsr2d
1 fer210 fsf2? fsi2?

Example :1.95 kHz pulse output (fc = 16.0 MHz)
LD (TBTCR), 00000000B : DVOCK « "00"
LD (TBTCR}, 10000000B ; DVOEN « "{"

Table 6-2 Divider Output Frequency (Example: at fc = 16.0 MHz, fs = 32.768 kHz)

Divider Qutput [Hz]
DVOCK NORMAL1/2, IDLE1/2 Mode SLOW, SLEEP
DV7CK =0 DV7CK = 1 Made
0o 1953 k 1.024 k 1.024 k
o1 3.906 k 2048 k 2.048 k
10 7813k 4.096 k 4.096 k
bl 15,6825k 8192 k 8192k
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Quiput latch
Data output : - ’ | | DvO pin

for21? or fsfe® >—A
fcl212 or ff2* >—B
C
D

fer2t or fsf2® ]
1210 or fsr22

Port cutput latch _I I |
1
1
DVOEN : | :
DVOCK DVOEN i B
]
]

L DVO pin oufput | || | | | I | | I' | | I
Divider output control register

(a) Configuration {b) Timing Chart

Figure 6-3 Divider Qutput
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7. 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 internal reset generate or a non-
maskable interrupt request. However, selection is possible only once after reset. At first the internal reset generate
is selected.

When the watchdog timer is not being used for malfunction detection, it can be used as a timer to generate an inter-
rupt 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.

7.1 Watchdog Timer Configuration

MPX Reset release signal from T.G.
/2?3 or fs/215 —» A Binary counters
fcl2?! or fs/213 —» B Clock R
fc/2' or fs/211 —» C Y > Overflow WDT oulput
17 — Internal
fc2tor is/2° —»D g Ciear | 1 2 —D_ s g > N inter
Fy _—
2y interrupt request
7] @ _ | ) pLrEd » INTWDT
Internal reset >
Q
S§ R
WDTEN Wit Wit
WDTT riting ming WDTOUT.
disable code | clear code

Cantroller

0034H ' 0035H t

WDTCR1 WDTCRZ MPX: Multiplexer

Watchdog timer contro! registers

Figure 7-1 Watchdog Timer Configuration
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7.2 Watchdog Timer Control

Figure 7-1 shows the watchdog timer control registers (WDTCR1, WDTCR2). The watchdog timer is automati-

cally enabled after reset,

7.2.1 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 setting detection time

If the CPU malfunctions such as endless looping or deadlock occur for any cause, the watchdog timer output
will become active at the rising of an overflow from the binary counters unless the binary counters are cleared.
At this time, when WDTOUT = 1 a reset is generated, reset the internal hardware. When WDTOUT = 0, a
watchdog timer interrupt (INTWDT) is generated,

The watchdog timer temporarily stops counting in STOP mode including warm-up or IDLE mode, and auto-
matically restarts (contimmes counting) when the STOF/IDLE mode is released.

Note: The watchdog timer consists of an internal divider and a two-stage binary counter. When clear code 4EH is
written, only the binary counter is cleared, not the internal divider. Depending on the timing at which clear
code 4EH 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 22l/fe [s] and resets the CPU malfunction.

LD

LD

LD
Within 3/4 of WDT
detection time

LD
Within 3/4 of WDT
detection time

LD

(WDTCR2}, 4EH
(WDTCR1), 00001101B

(WDTCR2), 4EH

(WDTCR2), 4EH

(WDTCR2), 4EH

; Clears the binary counters
s WDTT <— 10, WDTOUT <— 1

;Clears the binary counters (always clear immediately before and after
changing WDTT}

; Clears the binary counters

; Clears the binary counters

Page 70



TOSHIBA TENTATIVE THPBEFSAsFe

Watchdog Timer Register 1
WDTCR1 7 6 5 4 3 2 1 0
(0034H) | | ) | catoun | woten | WDTT | WDTOUT | gitial value: **11 1001)
WDTEN Watchdog timer enabled/dis- 0: Disable (It is necessary to write the disable code to WDTCR2)
able 1: Enable
NORMAL1/2 mode
SLOW mode
DV/CK=0 DV7CK =1
25 7 17
WOTT Watchdog timer detection time 00 2%e 2tits 27 s Vite
fs] 01 2% 2"%s 213 only
10 22fc 2% 213s
11 2'%c 2145 2"
' 0: Interrept request
WDTOUT | Watchdog timer output select
1: Interrupt reset generate

Note 1: WDTOUT cannot be set to “1" by program after clearing WDTOUT to “0".
Note 2: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], *: Don’t care
Note 3: WDTCR1 is a write-only register and must not be used with any of read-modify-write instructions.

Note 4: The watchdog timer must be disabled or the counter must be cleared immediately before entering to the STOP mode.
When the counter is cleared, the counter must be cleared again immediately after releasing the STOP mode.

Note 5: To disable the watchdog timer, always write “4EH” (Clear code) to WDTCR2 for ¢Jearing the binary counter before writing
0" to WDTEN, and then write “B1H” (Disable code) to WDTCR2.
Also, immediately before these procedure, disable the interrupt mater flag (IMF) by DI instruction.

Watchdog Timer Register 2
WOTCR2 7 5] 5 4 3 2 1 0
(0035H) | } : (initial value: **** ***)
4EH; Watchdog timer binary counter clear (Clear code)
WDTCR2 Watchdog timer control code B1H: Watchdog timer disable (Disable code) Wiite
write register D2H: Enable assigning address trap area only
Others: Invalid

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

Note 2: *: Don't care

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

7.2.2 Watchdog timer enable

The watchdog timer is enabled by setting WDTEN (Bit3 in WDTCR1) to “1”. WDTEN is mltlahzed to “1”
during reset, so the watchdog timer operates immediately after reset is released.

7.2.3 Watchdog timer disable

To disable the watchdog time, write “4EH” (Clear code) to WDTCR2 for clearing the binary counter before
writing “0” to WDTEN, and then write “B1H” (Disable code) to WDTCR2. The watchdog timer is not dis-
abled if this procedure is reversed and the disable code is written to WDTCR2 before WDTEN is cleared to
“0”. Also, immediately before these procedure, disable the interrupt master flag (IMF) by DI instruction, Dur-
ing disabling the watchdog timer, the binary counters are cleared to “0"",
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Example :Disables watchdog timer

ol (IMF €0
LD (WDTCR2), 04EH ; Clear the binary coutner

LD {(WDTCR1), GB101H i WDTEN < 0, WDTCRZ <— Disakle code
H L IMF <1

Table 7-1  Watchdog Timer Detection Time (Example: fc = 16.0 MHz, fs = 32.768 kHz)

Watchdog Timer Detection Time [s]
WDTT NCORMAL1/2 Mode
SLOW Mode
DVICK=0 DVICK =1
0o 2.087 4 4
01 524.288 m 1 1
10 131.072 m 250 m 250 m
| 32.768 m B2.5m B2.5m

7.3 Watchdog Timer Interrupt (INTWDT)

This is a pseudo non-maskable interrupt which can be accepted regardless of the contents of the EIR. If a watch-
dog timer interrupt or a software interrupt is already accepted, however, the new watchdog timer interrupt waits until
the previous interrupt processing is completed (The end of the [RETN] instruction execution).

The stack pointer (SP) should be initialized before using the watchdog timer output as an interrupt source with
WDTOUT.

Example :Watchdog timer interrupt setting up
LD SP, 023FH ; Sets the stack peinter

LD (WDTCR1), 00001000B WDTOUT ¢~ 0

7.4 Watchdog Timer Reset

If the watchdog timer output becomes active, a reset is generated, to reset the internal hardware. The reset time is
about 8/fc to 24/fc [s] (0.5 to 1.5 ps at fo = 16.0 MHz).

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

Page 72



TOSHIBA TENTATIVE _ TMPBBFS49FG

.. 4

. :
Clock L L L woree
Binary counter IX 2 XEX 0 X 3 X 2 X 3 X o

Qverflow

INTWDT interrupt

v

Writes 4EH to WDTCR2 Reset generate

internal reset

Figure 7-2 Watchdog Timer [nterrupt/Reset

7.5 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 as follows.

Watchdog Timer Control Register 1

WDTCR1 7 B 5 4 3 2 1 0
(0034H) | | ATAS | ATOUT | (WDTEN) | (WDTT) (WDTOUT) | (Initial value: *11 1001}
. . 0: No address trap
ATAS :::ﬁ\':ﬂ" of address trap i NS | 4. s ddress trap (after setting ATAS to 1", itis neceaary to write the control code |
D2H to WDTCR2) Wiite
" ) only
ATOUT Selection of opertion at address | 0: Interrupt
trap 1: Internal reset generate
Watchdog Timer Control Register 2
WDTCR?2 7 B 5 4 3 2 1 0
{0035H) | i 1 {Initial value; **** *=*+
: Add trapped lid
Watchdog imer contral code D2H: Address .ppe a_lrea valid set (ATRAP control code) ‘
4EH: Watchdog timer binary counter clear {WDT clear code) Wiite
WDTCR2 | and address trapped area con- . N .
B1H: Watchdog timer disable (WDT disable code} only
trol code )
Others: Invalid

7.5.1 Selection of address trap in internal RAM (ATAS)

Using WDTCR1<ATAS>, address trap or no address trap can be selected for the internal RAM area. To exe-
cute an instruction in the intermal RAM area, set “0” in WDTCRI<ATAS>. Sctting in WDTCRI1<ATAS>
becomes valid after contrel code D2H is written in WDTCR2. Executing an instruction in the SFR/DBR area
generates an address trap unconditionally regardless of the setting in WDTCRI<ATAS>.

7.5.2 Selection of operation at address trap (ATOUT)

As the operation at address frap either interrupt generation or internal reset generate can be selected by
WDTCRI1<ATOUT>.
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8.2 Control TENTATIVE TMPREFS49FG
8.2 Control
The timer/counter 1 is controlled by a timer/counter 1 control register (TC1CR) and two 16-bit timer registers
(TCIDRA and TC1DRB).
Timer Registers :
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
TC1DRA TC1DRAH (0011H) ! TC1DRAL (0010H} _I
(0011H, CO10H)
RAN ( Inifial Value : 1111 1111 4111 1111)
TC1DRB TC1DRBH (0013H) | TC1DRBL (0012H} [
{0013H, 0012H)
Read
(Write: PPG out- { Inifial Valug : 1111 1111 1111 1111)

put made only)

Note: TC1DRB should not be written except PPG mode.
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TC1 Control Register

7 - 8 S 4 3 2 1 0
ACAP1
TCG1CR MCAP1
(0025H) TFF1 METT1 TC1S8 TC1CK TCIM { Initial Value : DO00 0OUG)
RN MPPG1 *
00: Timer/fexternal frigger {imer/event counter mode
TC1M TC1 operating mede 01: Window mode
select 10: Pulse width measurement mode
11: PPG (Programmable pulse generate) output made
NORMAL1/2, IDLE1/2 mode sLowrsz,
SLEEP1/2
DV7CK =0 DVTCK =1 mode
TCICK ;II'-'(.;‘; source clock select 00 fcre fs/23 fsf2®
o1 fore? for2” -
10 fc/23 foi2® -
1 External clock (TCA pin input)
Ex- Win-
FI
Timer tiger Event dow Pulse | PPG RAW
00:Stop and counter clear @] (0] o] O O O
TC1S TC1 start conirol 01-Carmmand start o " - N . o
10:External trigger start at the rising edge x (@] (o] (] o] @)
11:External trigger start at the falling edge x (o} @] O @] O
ACAP1 Auto capture control 0: Auto-capiure dizable 1:Auto-capture enable
Pulse width measure-
AP1 B -8
MC. ment mode control 0:Double edge capture 1:Single edge capture
External trigger timer . Tr
METT1 mode control 0:Trigger start 1:Trigger start and stop
MPPG1 PPG output control 0:Continuous pulse generation 1:0ne-shot
TFF1 Time F/F1 contral 0:Clear 1:Set

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

Note 2: The timer register consists of two shift registers. A value set in the timer register is put in effect at the rising edge of the
first source clock pulse that cccurs after the upper data (TC1DRAH and TC1DRBH) are written. Therefore, the lower byte
must be written before the upper byte (it is recommended that a 16-bit access instruction be used in writing). Writing only
the lower data (TC1DRAL and TC1DRBL) does not put the setting of the timer register in effect.

Note 3: Set the made, source clock, PPG control and timer F/F control when TC1 stops (TC1S = 00).
Note 4: Auto-capture can be used in only timer, event counter, and window modes.

Note 5: Values to be loaded to timer registers must salisfy the following condition.
TC1DRA > TC1DRB > 1 (PPG output mode), TC1DRA > 1 (others)

Note 6: Always write “0” to TFF1 except PPG output mode.
Note 7: Writing fo the TC1DRB is nof possible unless TC1 1s set to the PPG output mode.

Note 8: On entering STOP mode, the TC1 start controi (TC 18} Is cleared to “00” automatically. So, the timer stops. Once the
STOP mode has been released, to start using the timer counter, set TC1S again.
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8.3 Function

Timet/counter 1 has six operating modes: timer, external frigger timer, event counter, window, pulse width mea-
surement, programmable pulse generator output mode.

8.3.1 Timer mode

Iri this mode, counting up is performed using the internal clock. The contents of TC1DRA are compared with
the contents of up counter. If a match is found, an INTTC] interrupt is generated, and the counter is cleared to
“0”. Counting up resumes after the counter is cleared. The current contents of up counter can be transferred to
TCI1DRB by setting TC1CR<ACAP1> to “1” (Auto capture function).

Table 8-1  Source Clock (internal clock) for Timer/Counter 1
(Example: at fc = 16 MHz, fs = 32.768kHz)
NORMAL1/2, IDLE1/2 Mode
SLOW1/2, SLEEP1/2 Mode
Te1eK DV7CK =0 DV7CK = 1
. Maximum Time . Maximum Time . Maximum Time
Resolution [ps] Setiing [s] Resolution [ps] Setting [s] Resolution [ps] Setting [s]
a0 128 8.39 244,14 16.0 244 14 16.0
o1 8.0 0.524 8.0 0.524 - -
10 0.5 3277m 0.5 32.77 m - -

Example 1 :Sets the timer mode with source clock feroll [Hz] and generates an interrupt 1 second later
(at fc = 16 MHz, DV7CK = 0)

LBwW (TC1DRA), 1E84H ; Sets the timer register (1 s + 2'/fc = 1E84H)
]l JIMF =0
SET (EIRL). 5 : Enable INTTC1
El JIMF ="
LD {TC1CR), 000000008 ; TFF4 " *0”, TCACK " “00", TC1M ™ “00"
LD {TC1CR), 00010000B ; Starts TC1
Example 2 :Auto-capture
LD (TC1CR), 01010000 i ACAP1 " 1" (Capture)
LD WA, (TC1DRB) ; Reads the capture vatue
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Source clock

Up counter

TC1DRA

INTTCA interrupt

Source clock

Up counter

TC1DRB

ACAP1

Command start

g

) ED ED €Y ED ¢

JUUuyuyyuyuL

n~1TANAOAN 1 2 3 4 5 6 7

h

q

)

Match detect Lﬂ’ Counter clear

(@ Timer mode

BN I I I O O I

X m—;X m-1 X m

Xm+1Xm+2X—:§.——X n1 X0 X et X

Capture

Capture

X‘rm—‘[ X\r m X m+1 X m+2 X_tz_x n-1 X n X n+1 X

I

{b) Auto capture

Figure 8-2 Timer Mode Timing Chart
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8.3.2 External trigger timer mode

It this mode, counting up is started by an external trigger. This trigger is the edge of the TC1 pin input.
Either the rising or falling edge can be selected with TC18S. Source clock is an internal clock. The contents of
TCIDRA is compared with the contents of up counter. If a match is found, an INTTC1 interrupt is generated,
and the counter is cleared to “0” and halted. The counter is restarted by the selected edge of the TC1 pin input.

When TC1CR<METT1> is “17, inputting the edge to the reverse direction of the trigger edge to start count-
ing clears the counter, and the counter is stopped. Inputting a constant pulse width can generate interrupts.
When TCICR<METT1> is “07, the reverse directive edge input is ignored. The TC1 pin input edge before a
match detection is also ignored.

The TC1 pin input has the noise rejection; therefore, pulses of 4/fc [s] or less are rejected as noise. A pulse
width of 12/fc [s] or more is required for edge detection in NORMAL1/2 or IDLLE1/2 mode. The noise rejec-
tion circuit is turrred off in SLOW1/2 and SLEEP1/2 modes. But, a pulse width of one machine cycle or more
is required.

Example I :Detects rising edge in TC1 pin input and generates an interrupt 100 ms later,
{at fc = 16 MHz, DV7CK = 0)

Low (TC1DRA), 00C8H : 100 ms + 2%fc = C8H

DI ;IMF =*0°

SET (EIRL). & ; INTTCH inferrupt enable

El i IMF = “1"

LD (TC1CR), 00001000B s TFF1 =0, TCH#CK = “10", TC1M = 00"
LD (TC1CR), 001010008 1 TC1 external trigger start, METT1 ="0"

Example 2 :Generates an interrupt, inputting “L” level pulse (pulse width: 4 ms or more) to the TCI pin.
(at fc = 16 MHz))

LOwW (TC1DRA), G1F4H 4 ms+ 27ffc = 01F4H

DI 7 i IMF ="0"

SET (EIRL). 5 ; INTTC1 interrupt enable

El ; IMF="1"

LD (TC1CR), 020001008 s TFF1="0", TC1CK = “10", TC1M = “00"
LD (TCtCR), 011101008 1 TGt external trigger start, METT1 =1
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At the rising
Count start Countstart  €dge(TG15=10}

TG pin input I Trigger | T Trigger

internal clock I | I l I | I | I | I | I | ] I | l | l I I I l I l I | I | I l | | I | I | I |
Up couter &8 3 £ 3 ° e
A

TC1DRA

Match detect L Count clear
INTTC1 interrupt

{a) Trigger start METT1=0)

At the rising
Count start Count clear Count start edge(TC15=10)

TCA pin ianrt 'l Trigger B l Trigger T Trigger ) L
— ﬂ 5 n L MU UL L. UL
1 OO © I £ (3 (3 S (X 0 S

A

TCIDRA % n &

Match detect L Count clear
INTTCA interupt rr

Note:m <n
{b) Trigger start and Stop (METT1 = 1) -

Figure 8-3 External Trigger Timer Mode Timing Chart
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8.3.3 Event counter mode

Ini this mode, events are counted at the edge of the TC1 pin input (gither the rising or falling edge can be
selected with the external trigger TCICR<TC1S>). The contents of TCIDRA are compared with the contents
of up counter. If a match is found, an INTTC1 interrupt is generated, and the counter is cleared. After the
counter is cleared, the up counter starts counting by TC! input edge. Match detect is executed on other edge of
count-up. A match can not be detected and INTTC] is not generated when the pulse is still in same state. Two
or more machine cycles are required for both the “H” and “L” levels of the pulse width.

Setting TCICR<ACAP1> to “1” transfers the current contents of up counter to TCIDRB (Auto-capture

function).

Count start

¥

TC15=10
at the rising edge

TG pin input | I I I | | U * I_I_I l_
Up counter ‘0 X 1 X 2 x:z X n-1 X:

TC1DRA 2 X o« r

INTTC1 interrupt : Match detect

AT

Counter clear

Figure 8-4 Event Counter Mode Timing Chart

Table 8-2 Timer/Counter 1 External Clock Source

Minimum Input Pulse Wicdth {s]

NORMAL1/2, IDLE1/2 SLOWA/2, SLEEP1/2
Mode Mode

“H” witith 2%#c 23ifs

“L" width 2 25fs
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8.3.4 Window mode

In this mode, counting up is performed on the rising edge of the pulse that is the logical AND-ed product of
the TC1 pin input (Window pulse) and an internal clock. The contents of TCIDRA are compared with the con-
tents of up counter. If a match is found, an INTTC1 interrupt is generated, and the counter is cleared. It is pos-
sible to select either positive logic or negative logic for the TC1 pin input (by using the TC1 start control
TCICR<TC18>).

The maximum frequency that can be applied to the pin must be such that the related count can be analyzed
by program. To put another way, the frequency of the applied pulse must be sufficiently low, compared with
that of the internally set source clock.

Count start Count stop Count start

Command start p 4 p

TC1 pin input

Internal clock

Up counter T X XX XX 5 XXX LG XE)
H Y

TC1DRA 2 X 7 ¢
INTTCA interrupt Match detect Ll-r Counter clear

{a) Positive logic @ TC1$ = 10}
Command start Count start Count stop Count start

v 4 A 4 A 4

TC1 pin input

Internal clock

Up counter

TC1DRA

Match detect

INTTCA interrupt

{b) Negative logic (at TC1S=11) Counter clear

Figure 8-5 Window Mode Timing Chart

8.3.5 Pulse width measurement mode

In this mode, counting is started by the external trigger (Set to external trigger start by TC1CR<TC18>). The
trigger can be selected either the rising or falling edge of the TC1 pin input. The source clock is used an inter-
nal clock. Om the next falling (Rising) edge, the counter contents are transferred to TC1DRB and an INTTC1
interrupt is generated. The counter is cleared when the single edge capture mode (TC1CR<MCAP1> = %17} is
set. When double edge capture (TC1ICR<MCAP1> = “0”) is set, the counter continues and, at the next rising
(Falling} edge, the counter contents are again transferred to TC1DRB. If a falling (Rising) edge capture value
is required, it is necessary to read out TC1DRB contents until a rising (Falling) edge is detected. Falling or ris-
ing edge is selected with the external trigger TC1CR<TC18>, and single edge or double edge is selected with
TC1CR<MCAP1>,

Note:Be sure to read the captured value from TC1DRB before the next trigger edge is detected. If fail to read it, it
becomes undefined. It is recommended that a 16-bit access instruction be used te read from TC1DRB.

Note:|f either the falling or rising edge Is used in capturing values, the counter stops at “1" after a value has been
captured unti! the next edge is detected. So, the value caplured next will become 1" larger than the value
captured right after capturing starts.
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Example :Duty measurement (resolution fe/2’ [Hz])

CLR (INTTC18W). o ; INTTGA service switch initial setting
LD (TC1CR), 000GO1106 ; Sets the TC1 mode and source clock
u]l 3 IMF = *0”
SET (EIRL). 5 ; Enables INTTC1
El SIMF = 1"
LD (TC1CR), 001001108 ; Starts TC1 with an external trigger at MCAP1 =0
PINTTC1: CPL (INTTC1SW). 0 ; Inverts INTTC1 service switch
JRS F, SINTTC1
LD WA, (TC1DRBL}) : Reads TC1DRB (*H" level pulse width)
LD (HPULSE), WA
RETE
SINTTC1: LE WA, (TC1DRBL) ; Reads TC1DRB (Period)
LD (WIDTH), WA
RETI 1 Duty calculation
VINTTCA: DwW PINTTC1 i INTTCA Interrupt vector
t WIDTH .
N .
i HPULSE : :
e Ses—— ]

INTTCA _ ﬂ

INTTC1SW I

TC1 pin _|—| r—
[
—
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Count start Count start

TCA pin input ]. Trigger s" i f(TC1S "10")

Internal clock ; I | IEI I l I | I | I [
[]
Up courter XX D) :
Capture
,,‘,',,W mzm N.‘.‘.. L Yn

TC1DRB

INTTC interrupt I‘l n

[Application] "H" or "L" level pulse width measurement

(@) Single edge capture (MCAP158="1")

Count start « Count start

TCA pin input I %

Internal clock ; I | | | I | I | | | | I “I I | I I l I | l |
o couter 0 X T XX mnmmm T 0D €
Capture

Capture
TC1DRB

e e X m
INTTC1 interrupt I'I h

[Application] (1} Periodifrequency measurement
(2) Duty measurement

[ R

{b) Double edge capfure (MCAP1S="0")

Figure 8-6 Pulse Measurement Mode Timing Chart
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8.3.6 Programmable pulse generate (PPG) output mode

The PPG output mode is intended to output pulses having an arbitrary duty cycle selected using two timer
registers.

The timer starts at an edge (Rising or falling edge, that is, the same edge type as selected with the external
trigger edge select bits (TCICR<TC18>) or on a command, Its source clock is an internal clock. Once the
timer starts running, the timer F/F1 is inverted when the counter matches TC1DRB, generating the INTTC1
interrupt, The counter keeps up-counting, and when counter matches TC1DRA, the timer F/F1 is inverted, gen-
erating an INTTCI interrupt. If TCICR<MPPG1> was previously set to “1” (One shot), TC1S is cleared to
“00” automatically, causing the timer to stop. If TC1CR<MPPG1> was previously cleared to “0” (Continuous
pulse generatior), the counter is cleared, resulting in the counter keeping to run and the PPG output being con-
tinued. If TC1CR<TCI18> is reset to “00” {One-shot-based automatic stop is included) during PPG output, the
PFG pin holds the same level that it does just before the counter stops. In PPG output mode, set the output latch
of port to “1”, The timer F/F1 is cleared to “0” at a reset. In addition, a pesitive or negative pulse can be output
because the output level can be set up at a start, using TC1CR<TFF 1. The PPG pin cutputs an inversion of the
timer F/F1 output level. It is impossible to write to TCIDRB unless the PPG output mode is set.

Note 1: To change the content of the timer register when the timer is running, change it to a sufficientiy large value,
compared with the current count. If the timer register content is changed to a value smaller than the current
count when the timer is running, it is likely that unintended pulses may be output.

Note 2: Do not change TC1CR<TFF1> when the timer is running.

TC1CR<TFF1> can be set correctly only at initialization (after a reset). When the timer is stopped during
PPG output, if the PPG output is at a logic state opposite to the PPG that when the timer starts, it will
become impossible to set TC1CR<TFF1> correctly (An attempt to program TCTCR<TFF1> will cause a
state opposite to the programmed one to be set in the bit). Once the timer has stopped, putfing the PPG
output securely on an arbitrary level requires initializing the timer F/F1. To initialize it, put TC1CR<TC1M>
in the timer mode again (Itis unnecessary to start the fimer mode), and then put it in the PPG output made
again. At the same time, set TC1CR<TFF1>.

Note 3. To restart the PPG output mode, it is necessary to initialize timer F/F1. To initialize timer F/F1, Change to
the timer mode once (the timer mode need not be restarted), Then set to the PPG output mode and also set
TFF1 again.

Example :Pulse output “H” level 800 ms, “L” level 200 ms (at fc = 16 MHz)

Port setting
LD {TCACR), 100010118 ; Sets the PPG output mode
LDwW {TC1DRA), 07D0H ; Sets the period (1 ms + 2%c = 07D0H)
LDW {TC1DRB), 0190H ; Sets °L" level pulse width (200 ps + 23/c = 0190H)
LD {TC1CR), 10011011B ; Starts

Qutput latch

Data output > D Q

x

TFF1

> Set

TC1CR write strobe b _I )rl_: Clear @ PPG pin

Internal reset >

Match detect Toggle
Timer F/F1

MPX: Multiplexer

Figure 8-7 PPG Output
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Command start

Internal clock Ill|l|||Illllllllllllllll'llllll
Up counter M n Yne mo¥X 1 ¥ 2 ﬂ@ m¥o} 1 X 2

TC1DRB :X 'n 3 q’

1 Match \ \

TC1DRA x m & Q

PBGT pin outpput

INTTCH intarrupt n H I_l h Note:m>n

(a) Continuous pulse generation (with TC15=01)

Count start
TC1 pin input y

M Trigger

Internal clock IIIlIlIII'IIIlIlIll'llI||||Ill1
INTTC interrupt '
Up counter 0 x )( : n Xn+t [ )
:
:)( n

TC1DRB

TC1DRA :X m &?

PPG1 pin outpput

) Note:m>n
INTTC1 interrupt

[Application] One shot pulse output

(b) One-shot (with TC15=10)

Figure 8-8 PPG Output Mode Timing Chart

Page 87



8. 16-Bit Timer/Counter 1

8.2 Control TMP86FS49FG

TENTATIVE

Page 88



To S H I BA TE NTAT IVE TMP86FS49FG

9. 16-Bit Timer/Counter 2

9.1 Configuration

(Note 2)
TC28
TC2 —
oin O Port 1 > H
fei2® fai21h —wiA Clear
for213 /25 3B
f/28 —»ip Window
fei2% r—3ip "
Timer/event 16-bit up counter
fC 3 »E cotnter o
8 e - Match INTTC2
5 TC2M interrupt
3 TC25
TC2CK
TC2GR TC2DR
TC2 control register 16-bit timer register 2

Note 1: MPX: Multiplexer
CMP: Comparator

Note Z: When control inputfoutput is used, 1O port setting should de set correctly. For details, refer to "2.2 #O ports™

Figure 9-1 Timer/Counter 2 (TC2A)
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9. 16-Bit Timer/Counter 2
9.1 Configuration

TENTATIVE THPRerSere
9.2 Control
The timer/counter 2 is controlled by a timer/counter 2 control register (TC2CR) and a 16-bit timer register 2
(TCZDR).
TC2DR 15 14 13 12 1 10 k<] 8 7 5] 5 4 3 2 1 Qo
(0025H, TC2DRH {0025H) TC2DRL (0024H)
0024H) (Initial value: 1118 1111 1111 1941) RV
TC2CR 7 ] 5 4 3 2 1 o
(@023H) | | TC2s | TC2CK ] | TC2M | (Initial value: =00 00*0)
Team TC2 operating mode O:Timerfevent counter mode RAW
select 1:Window mode
NORMAL1/2, IDLE{/2 mode sLowirz | sLeep
DVTCK=0 DVTCK =1 mode mode
0o fof2®3 fsi215 fs/215 fs/218
o1 feie’® fs/2° fs/25 fs/2®
040 8 3 - -
Te20K ;I!'—]i? scurce clock select fel2 fo/2 RAW
011 fored fos23 - -
100 - - fo -
101 fs fs - -
"o Reserved
1M Extemal clock (TC2 pin input)
0:Stop and counter clear
TC28 TC2 RV
C2 start control 1-Start

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

Note 2: When writing to the Timer Register 2 {TC2DR), always write to the lower side (TC2ZDRL) and then the upper side
(TG2DRHY} in that order. Writing to only the lower side (TC2DRL) or the upper side {TC2DRH) has no effect.

Note 3: The timer register 2 (TC2DR) uses the value previously set in it for coincidence detection until data is written o the upper
side {TC2DRH}) after writing data to the lower side (TC2DRL).

Note 4. Set the mode and source clock when the TC2 stops (TC2S = 0).

Note &: Values to be loaded to the timer register must satisfy the following condition.
TC2DR > 1 (TG2DR15 to TC2DR11 > 1 at warm up)

Note 6: If a read instruction is executed for TC2CR, read data of bit 7, 6 and 1 are unstable.

Note 7: On entering STOP mode, the TC2 start control (TC28) is cleared to "0" automatically. So, the timer stops. Once the STOP
mode has been released, to start using the timer counter, set TC2S again.

Note 8: The high-frequency clock (fc) canbe selected only when the time mode at SLOW2 mode is setected.
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9.3 Function

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

And when warm-up for switching from SLOW to NORMAL?2, the timer/counter2 is used as a time mode.

9.3.1 Timer mode
In this mode, the internal clock is used for counting up. The contents of TC2DR are compared with the con-
tents of up counter. If a match is found, a timer/counter 2 interrupt (INTTC2) is generated, and the counter is
cleared. Counting up is resumed after the counter is cleared.
When fc is selected for source clock at SLOW mode, lower 11-bits of TC2DR are ignored and generated a
interrupt by matching upper 3-bits. Though, in this situation, it is necessary to set TC2DRH only.
Table 8-1 Source Clock (Internal clock) for Timer/Counter 2 (at fc = 16 MHz, DV7CK=0)
NORMAL1/2, IDLE1/2 mode SLOW1/2 Mode SLEEP1/2 Mode
DVICK =0 BV7CK =1
rezck Resolution Maximunt Resolution Maximum
' Maximum . Maximum Time Setting Time Setting
Resolution Time Setting Resolution Time Setting
000 524,3 [ms] 9.54 [n] 1.0[g] 18.2 [h] 1[s] 18.20[h) 1.01s] 18.2[h]
001 512.0 [s] 33.6[s] 0.98 [ms] 1.07 [min] 0.98 [ms] 1.07 [min] 0.98 [ms] 1.07 [min]
010 16.0 [LLs] 1.05[s] 16.0 [Ls] 1.05[s] - - - -
011 0.5 [ps] 32.8 [mg] 0.5 [L1s] 32.8[ms] - - - -
62.5 [ns]
100 - - - - (Nots) - - -
101 30.5 [s] 2.0 30.5 [ms] 2.0 [s] - - - -

Note: When fc is selected as the source clock in timer mode, it Is used at warm-up for switching from SLOW2 mode to NORMAL2
mode.

Example :Sets the timer mode with source clock fc/23 [Hz] and generates an interrupt every 25 ms (at fc = 16 MHe,

DV7CK=0).
Low (TC2DR), C350H : Sets TC2DR (26 ms = 2%fc = C350H)
ol JIMF = "0
SET (EIRE). 8 ; Enables INTTGZ interrupt
El ; M = "9
LD (TC2CR), 00DD1100B ; TC2CK <—"011", TC2M <—"0"
LD (TCZCR), 00101100B : Starts TC2
Count start

Source clock

JUMMMW

%
Counter o XXX .0 0 naa
; Match detect ' Gounter clear
Timer register 2 i 5 n @
i
1

It

INTTC2 interrupt

Figure 9-2 Timer Mode Timing Chart
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9.1 Configuration TMPB6FS49FG
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9.3.2 Event counter mode

In this mode, events are counted on the rising edge of the TC2 pin input. The contents of TC2DR are com-
pared with the contents of the up counter. If a match is found, an INTTC2 interrupt is generated, and the
counter is cleared. The minimum input pulse width of TC2 pin is shown in Table 9-2. Two or more machine
cycles are required for both the “H™ and “L” levels of the pulse width.-Match detect is executed on the falling
edge of the TC2 pin. A match can not be detected and INTTC2 is not generated when the pulse is still in a fall-
ing state.

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

LDW (TC2DR), 640 ; Gets TCZ2DR

ol ; IMF = "o"

SET (EIRE). 6 ; Enables INTTC2 interrupt

B  IMF ="1"

LD (TC2CR), 00011100B ; TC2CK <—"111", TC2M <« "0"
LD (TC2CR), 001111008 , Starts TC2

Table 8-2 Timer/Counter 2 External Clock Source

Minimum Input Pulse Width [s]

NORMALA/2, IDLE1/2 mode SLOWA/2, SLEEP1/2 mode
“H" widith e 2%s
“L” width 23 23fs

Count start

T XD - IO OCCEEC

Match detect Counter clear

Counter

Timer register 2 @

1
Figure 9-3 Event Counter Mode Timing Chart

=

INTTC2 interrupt
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9.3.3 Window mode

In this mode, counting up performed on the rising edge of an internal clock during TC2 external pin input
(Window pulse) is “H” level. The contents of TC2DR are compared with the contents of up counter. If a match
found, an INTTC2 interrupt is generated, and the up-counter is cleared.

The maximum applied frequency (TC2 input) must be considerably slower than the selected internal clock.

Note:In the window mode, before the SLOW/SLEEP mode is entered, the timer should be halted by setting
TC2CR<TC2S>to "0".

Example :Generates an interrupt, inputting “H” level pulse width of 120 ms or more. (at fc = 16 MHz, DV7CK. = 0)

LDW (TC2DR), 00EAH ; Sets TC2DR {120 ms -+ 2'3/fc = 00EAH)
DI s IMF =g~

SET (EIRE). B ; Enables INTTC2 inferrupt

El ; IMF ="~

LD (TC2CRY), 000001018 ; TC2CK € "001", TC1M € "1"

LD (TC2CR), 001001018 ; Starts TC2

TCZ pin input

1
1
internal ctock . IIIlII(lIIIl[II]III
T XX OCHEX e e mE®
~
n [}

TC2DR X

opepograngs [N SFRIER

Match
INTTC2Z interrupt atch detect &n Counter clear

Figure 9-4 Window Mode Timing Chart
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10. 8-Bit Timer/Counter (TC3, TC4)

10.1 Configuration

PWHM mode
e LD"“:D-» NTTCA
fof2t or f5/2° —P1A L. - /_7_] I__
fei2? —nle Y P PR % 8-bit Clear N
" -;. B up counter
fof2® —*C TCAS
/2t _..LL_>
fi-‘ :_-: g ? POC, PPG mode
s N :
w2 - 16-bit / Y] > Toggle
fo — made 8¢ o
Tedpm 1" 16-hit
N 4 b T ey
O e, \ mode Timer, avent Sel FOGA/FTA
TG ‘=S pra— 4 A S | counter mode Clear PPE4 pin
TF;A- 4_‘ TCACK i | : / [:D_ . _‘__:D_‘._ Timer F/F4
TCACR TTRE P PWM, PPG mods
I I | > || e I PDO, PWM, PPG mode
H 1:[ H TFF4
16-hil
mode
TC38
Clear PWI mode NTTCS
fof2 or fsi2% WA v .
T X = .
:w; X g ¥ - upy sounter Overflow 16-bit mode
gzvzs —3lp i I : PBO mode
:;2 : :—E Togyle
fc —e / 16-bit moe a —-‘>c—|:|
TGH pia —¥{H Timer, event PiSet SRS
TC3M ] cotnier mode e pin
4"""""""""‘ A
TC3B atfrmmmem — i )"“"“““"‘ Timer FiF3
TFF3 «(v—l
PWM made PO, PWM mode
I TC30R | ! TIREGS l ! PWREGS | 16-bit mode

TEF3

Figure 10-1 8-Bit Timer 3, 4

10.2 Control

The timer/counter 3 is controlled by a timer/counter 3 control register (TC3CR) and two 8-bit timer registers
(TTREG3 and PWREG3).
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10.2 Control TMPBEFS49FG

TENTATIVE

Timer Register

TTREG3 7 6 5 4 3 2 1 o

(0014H) I : ,I fInitial value: 1111 1111)
o ; . . ‘ ;

PWREG3 7 6 5 4 3 2 1 ¢

(0018H) | | (Initial value: 1111 1111)
RIW : : : : : :

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

Timer/Counter 3 Control Register

TC3CR 7 B 5 4 3 2 1 o
woz7th) [ TrF3 | TC3CK [ Tess | TCIM (nitial value: 0000 0000)
TFF3 Timer F/F3 control 0: Clear
1: Set
NORMAL1/2 and IDLE1/2 modes SLOWA/2 and
DV7CK =0 DV7CK = 1 SLEEP1/2 modes
00Q fcio! /23 5123
0o1 fot2’ for2? -
010 fc,'25 fd25 _
TC3CK TC3 source clock select [Hz]
ot fci2® for2® -
100 fs fs fs RAW
101 fci2 fo/2 -
110 fc fc fc
111 TC3 pin input

0: Stop and counter clear

TC38 TC3 start centrol 1- Command start

000: 8-bit timerfevent counter mode

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

011: 16-bit mode (Mode selection is controlled by TC4M)
1**: Reserved

Note 1: fc: High-frequency clock [Mz], fs: Low-frequency clock [Hz]
Note 2: Buring TC3 operation, do not change TC3M, TC3CK and TFF3.

Note 3: When TC3 operation is stopped {TC3S = "1" /E *0"}, do not change TC3M, TC3CK and TFF3. Butitis possible to change
TC3M, TC3CK and TFF3 at the start timing (TC3S = 0" & "17).

Note 4: When used as 16-bit mede, the operating mede is selected by TC4CR<TC4M>, and TC3M should be set to "0117.

Note 5: When used as 16-bit mode, only the source clock is selected by TC3CK, and start of operation and conirol of F/F are con-
frolled by TC4CR<TC4S5> and TC4CR<TFF4>.

Note 6: Selecting source clock depends on the operating mode, refer to Table 10-1 and Table 10-2 for details.
Note 7: Value of timer register depends on the operating mode, refer to Table 10-3 for details.
Note 8: When used as the SLOW and SLEEP modes, the "fs" of TC3 source clock can use only "fc warm-up counter” mode.

The timer/counter 4 is controlled by a timer/counter 4 control register (TC4CR) and two 8-bit timer registers
(TTREG4 and PWREGH4).
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Timer Register
TTREG4 7 - 6 5 , 4 3 2 ' 1 [t}
{0015H) | 4 (Initial value: 1111 1111)

PWREG4 _ ] ‘ ' _
(0019H) | : I(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/counter is operating, except 8-bit PWM and 18-bit PWM modes.

Timer/Counter 4 Control Register

TCACR 7 6 5 4 3 2 1 i}
{0028H) | TFF4 | TC4CK | TC45 i TG4M {Initial value: 0000 0000}
TFF4 Timer FIF4 contral 0: Clear
1: Set
NORMAL1/2 and IDLE1/2 modes SLOW1/2 and
DVICK=0 DV7CK =1 SLEEP1/2 modes
000 for2M fs/23 fsiz®
oot fora” fe/2” -
010 for23 5 -
TC4CK TC4 source clock select [Hz] fe/2
on for2d fcr2® -
100 fs fs fs
10 fer2 fol2 - RAW
10 fe fo -
M TC4 pin input

0: Stop and counter clear

TC43 TC4 start control 1: Command start
000: 8-bit timerfevent counter mode
001: 8-bit programmable divider output (PDQ) mode
010: B-bit pulse width modutation (PYWM) mode
TCaM | TC4 operating made sefect 011: Reserved

100: 16-bit timer/event counter mede

101: Warm-up counter mode

110: 18-bit programmable divider output (PDO) mode

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

Note 1: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz]
Note 2: During TC4 operation, do not change TC4M, TC4CK and TFF4.

Note 3: When TC4 operation is stopped (TC48 = “1" /£ "0"), do not change TC4M, TC4CK and TFF4. But it is possible to change
TC4M, TC4CK and TEF4 at the start timing (TC48 = "0" /£ "1").

Note 4: When TC4M is selected to "1**" {16-bit mode), the source clock is automatically selected to the overftowing signal of TC3
counter.

Note 5: 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 10-1 and Table 10-2 for details.
Note 8: Value of timer register depends on the operating mode, refer to Table 10-3 for details.
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Table 10-1 Operating Mode and Available Source Clock (under NORMAL1/2 mode, IDLE1/2 mode)

ferz! TCi

Operating Mode or [y [ for2d fs, el fc pin

fs/2® input
8-bit timer o o o o - - - -
8-bit event counter - - - - - - - fe)
8-bit PDO o o o o - - - _
8-bit PWM O o} o] 0 0 o o} -
16-bit imer o o 0 o - - _ _
16-bit event counter - - - - - - - 0
Warm-up counter - - - - o) - - -
16-bit PYWM o) o o o o -
18-bit PPG @) (e} (e} O - - - -

MNote 1: For 16-bit operation (16-bit timerfevent counter, warm-up counter, 16-bit PWM and 16-bit PPG), set Its source clock on

lower bits (TC3CK),
Note 2: i = 3, 4 (8-bit mode)
i =3 (16-bit mode)

Table 10-2 Operating Mode and Available Source Clock (under SLOW1/2 mode, SLEEP1/2 mode)

fefz! TCi

Operating Mode or for2” fo/25 fel2? fs fes2 fc pin

fef2® input
B-bit timer o) - - - - - - _
B-bit event counter - - - - - - - o)
B-bit PDO o] - - - - - - -
8-bit PV o) - - - o - - -
16-bit timer (@] - - - - - - -
16-bit event counter - - - - - - le)
Warm-up counter - - - - - - o -
1B-bit PWM o) - - - o - - -
16-bit PPG O - - - - - - -

Note 1: For 18-bit operation {16-bit timer/event counter, warm-up counter, 16-bit PWM and 16-bit PPG), set its source clock on

lower bits (TC3CK).
Note 2: i = 3, 4 (8-bit mode)
i = 3 (16-bit mode)
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Table 10-3 Restriction against the Rate for Comparing Registers

Cperating Mode

Authorized Rate for Register

8-bit imer/event counter

1 £ (TTREGR) £ 255

B-bit PDO

1£ (TYREGHR) £ 255

8-bit PWM

2 £ (PWREGH) £ 254

16-bit timer/event counter

1 £ (TTREG4, 3) £ 65535

fc warm-up counter

256 £ (TTREG4, 3} £ 65535

16-bit PYWM 2 £ (PWREGH, 3) £ 65534
16-bit PPG 1 £ (PWREGH, 3) < (TTREG4, 3) £ 85535 and (PWREGH4, 3) + 1 < (TTREG4, 3)
Note: n=3, 4

10.3 Function

Timer/counter 3, 4 have eight operating modes: 8-bit timer, 8-bit event cointer, 8-bit programmable divider output
mode, 8-bit pulse width modulation output mode, 16-bit timer, 16-bit event cointer, warm-up counter mode,16-bit
pulse width modulation output mode, 16-bit programmable pulse generator output mode.

16-bit timer mode can use timer counter 3 and 4 by cascade connection.

10.3.1 8-hit timer mode (Timer/counter 3, 4)

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

Note 1: In the timer mode, always write TCJCR<TFFj> to “0”. If TFF] is set to “1", unexpected pulse may be output
from "PDO}PWMI/FPG] pin.

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

Note3:j=3, 4

Table 10-4 Timer/Counter 3, 4 Source Clock (Internal clock)

Source Clack Resclution Maximum Time Setting
NORMAL1/2 and IDLE1/2 Modes
SLOWV2and SLEEP12 | i 16 MHz | Atfs=32768kHz | Atfc=16 MHz | Atfs = 32.768 kHz

DV7CK =0 DV7CK = 1 Modes

fos2! [Hz 1s/2% [Hz] f5/22 [Hz] 128 [Lis} 244.14 [Us] 32.6 [ms] 62,3 [ms]

[ K Hs]

fes2’ fer2? - 8 [Hs} - 2.0 [ms] -

fos2’ foi2® - 2 [Ms] - 510 [ps] -

for2® for2? - 500 [ns] - 127.5 [Ms] -
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10.3 Function TMPB6FS48FG
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Example :Sets the timer mode with source clock fe/2” [Hz] and penerates an interrupt 80 ps later (at fo = 16

MHz).
LOw (TTREG4), DAH : Sets the timer register (80 s < 27/fc = 0AH)
DI
SET (EIRH). 1 ; Enables INTTC4 interrupt
El
LD (TC4CR), 000100008 ; Sets the 8-bit timer mode and source clock (fe/27)
LB (TC4CR), 00011000B ; Starts TC4

TC4CR<TC4S> I l

Internal

sourcec:luckIl’llllllhd[lll'lll[5

Counter 0 X1X2X3%::Xn—1n01)(2 D(n—1n01)®( ]
TREG4 2 X 2 ¥ 0 2: )

" Mafch detect Counter clear Match detect Counter clear

|

INTTC4 interrupt

th A
Figure 10-2 8-Bit Timer Mode Timing Chart (in case of timer/counter 4)

10.3.2 8-bit event counter mode (Timer/counter 3, 4)

In this mode, events are counted on the falling edge of TCj pin input. The contents of TTREG;] are compared
with the contents of up counter. If a match is found, aw INTTC] interrupt is generated, and the counter is

cleared. The maximum applied frequency is fe/2* [Hz] in NORMAL1/2 or IDLE1/2 mode and fs/2* [Hz] in
SLOW1/2 or SLEEP1/2 mode. Two or more machine cycles are required for both the “H” and “L” levels of the
pulse width.

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

Note 2: In the event counter 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 3:j=3,4

TC4CR<TCA45> | |

TC4 pin input Ilill[ ||||I]||]|||'||I||||E|||

O EEEi
Q «

TTREG4 & ::: 5

H ¥
i Match detect Counter Match Counter
INTTC4 interrupt ! clear detact clear

Figure 10-3 Event Counter Mode Timing Chart (in case of timer/counter 4)
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10.3.3 8-bit programmable divider output (PDO) mode (Timer/counter 3, 4)

The internal clock is used for counting up. The contents of TTREG] 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 oufput
is inverted and output to the PDQj pin. When used as this mode, respective output latch should be set to %17,
This mode can be used for 50% duty pulse output. Timer F/Fj can be initialized by program, and it is initialized
to “0” during reset. An INTTC]j interrupt is generated each time the PDGj output is toggled.

Example :Cutput a 1024 Hz pulse (at fc = 16 MHz = “0”, in case of TC4)

LD {TTREG#4), 3DH ;{11024 5- 27ife )+2=3DH
LD (TC4CR), 00010001B ; Sets the 8-bit PDO mode and source dock {fe/2”)
LD (TC4CR), 000110018 ; Starts TC4

Note 1: In the programmable divider output (PBO) mode, do not change the setting of timer registers (TTREG]))
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 2: If PDO output is stopped during output operation, the output state is maintained at the state immediately
before timer/counter is stopped. For changing the level of PDG] pin, modify TCJCR<TTFj> after timer/
counter has been stopped. Do not execute halt of timer/counter and medification of TFFj simultaneously.

Example: Fixes PDOj output at high level after fimer/counter is stopped
CLR (TCICR). 3 ; Stops timer/counter
CLR (TCICR). 7 ; Sets PDOj output to high level output

Note 3:j=3, 4
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10.3.4 8-bit pulse width modulation (PWM}) output mode (Timer/counter 3, 4)

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/F1 output is inverted and output to the PWMi pin. An INTTC] interrupt is generated
when an overflow occurs.

In PWM mode, because PWREGH becomes a 2-stage registers with shift register, it is possible to change the
setting value of PWREGI while timer/counter is operating. Therefore, output can be altered continuously. The
shift operation of PWREGI to shift register is executed at the INTTCi timing. While timer/counter is operating,
the data by read instruction is not a setting value of PWREGI but a value of shift register. Thereofre, after writ-
ing to PWREGI, the reading data of PWREG; is previous value till INTTCi is generated.

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

Note 1: In PWM mode, write to the timer register PWREG] immediately after an INTTCi interrupt is generated (Nor-
mally during the INTTCi interrupt service routing). If writing to PWREGI and INTTCi intetrrupt occur at the
same time, the unstable value being written is shifted. This may cause pulses different from the set value to
be output until the next INTTCi interrupt is generated.

Note 2: If PWM output is stopped during output operation, the output state is maintained at the state immediately
before fimer/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 simuttaneously.

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

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

Note4:i=3, 4
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Table 10-5 PWM Qutput Mode

Source Clock Resolution Maximum Setfing Time
NORNALTT2 and TOLET2 Modes SLOW1/2 and Atfc=16 MHz | Atfs=32.768 :Hz Atfc= 168 MHz | Atfs =32.768 kHz
DV7CK =0 DV7CK = 1 SLEEP1/2 Modes
fer2¥ [Hz fs/2° [Hz] fs/23 [Hz] 128 [pls] 24414 [Js] 32.8 [ms] 2.5 [ms]
ey fot2? - 8 [s] - 2,05 [ms] -
fef2® fol2s - 2 [ps} - 512 [Lis] -
fes2? fc/2® - 500 [ns] - 128 [us] -
fa s fs 30.5 [Ws] 30.5 [Lis] 7.81 [ms] 7.81 [ms]
fei2 foi2 - 125 [ns] - 32 [js] -
fc fo - 62.5 [ns] - 16 {pe] -

10.3.5 16-bit timer mode (Timer/counter 3 and 4)

In this mode, counting up is performed using the internal clock.
Timer/counter 3 and 4 are also available as a 16-bit timer mode by cascade connectiorn.

16-bit timer mode of timer/counter 3 and 4
If a match is found, the INTTC4 interrupt is generated and the counter is cleared to “0”. Counting up resumes
after the counter is cleared. The timer register should write to the TTREG3 more first than TTREG4. The timer
register must not write only either TTREG3 or TTREG4.

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|IPPG] pin.

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

Note 3:j=3,4

Table 10-6 Source Clock of 16-Bit Timer Mode

Source Clock Resolution Maximum Setting Time
MORMALYIZ anc IDLEAZ Modee SLOW/2 and Atfcm= 16 MHz | Atfs=32.768 kHz | Atfc=18 MHz | Atfs = 32.768 kHz
DV7CK = 0 DV7CK = 1 SLEEP1/2 Modes
fesatl fe/2® [Hz] 1s/2% [Hz] 128 [us]|  244.14 [Us] 839 [s] 16 [s]
fere’ foi2? - 8 [Us] - 524.3 [ms] -
fo/28 fci25 - 2 [ps] - 131.1 [ms] -
foi2? feiz3 - 500 [ns] - 32.8 [ms] -
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Example :Set the 16-bit timer mode with source clock fe/2” [Hz] and generates an interrupt 300 [ms] later (at fc

= 16 [MHz])
LEW (TTREGS3), 927CH 1 Sets the imer register (390 ms = 27fic = 827CH)
Dl
SET (EIRH). 1 1 Enable INTTC4 interrupt
El
LD (TC3CR}, 13H ; Sets the 16-bit timer mode (Lower) and source clock
LD (TC4CR), 04H ; Sets the 16-bit timer mode (Upper)
LD (TC4CR), OCH ; Starts timer/counter
TC4ACR<TC4S> E |

Intemal :
source clock | | I:l I | I | I Iﬁl | l l I | I I I |5ﬁ| | I | l | I | I | I l ! |
Counter 0 X 1 X 2 X 3 )Q: X mn— 1 }mni 0 X 1 X 2 )Q: xmn-1 mn¥ 0
: It {4
b} F))

TTREG3

{Lower) ZX ! i ¢ %
{1 ' {4

(Upper) (1 i«

TTREG4 X - y 5 y

" Match detect Counter clear " Match deteat Counter clear :
INTTC4 interrupt ; w « :
b

H

Figure 10-6 16-Bit Timer Mode Timing Chart (in case of timer/counter 3 and 4)

10.3.6 16-bit event counter mode (Timer/counter 3 and 4)

In this mode, event are counted on the falling edge of the TC3 pin input. Timer/counter 3 and 4 are also
available as a 16-bit event counter mode by cascade connection,

16-bit event counter mode of timer/counter 3 and 4
If a match is found, the INTTC4 interrupt is generated and the counter is cleared to “0”, After the counter is

cleared, counting up resumes every falling edge of TC3 input. The maximum applied frequency is fc/ 24 [Hz] in

NORMAL1/2 or IDLE1/2 mode and f5/2* [Hz] in SLOW1/2 or SLEEP1/2 mode. Two or more machine cycles
are required for both the “H” and “L"" levels of the pulse width. The timer register should write to the TTREG3
more first than TTREG4. The timer register must not write only either TTREG3 or TTREG4.

Note 1: In the event counter mode, always write TCJCR<TFFj> to “0”. if TFFj is set te “1”, unexpected pulse may be
output from PDOJPWMIFPG] pin.

Note 2: In the event counter moede, do not change the setting of timer registers (TTREG;)) 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

10.3.7 16-bit pulse width modulation (PWM) output mode (Timer/counter 3 and 4)

PWM ocutput with a resolution of 16 bits is possible. Timer/counter 3 and 4 are also available as a 16-bit
PWM output mode by cascade connection,
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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 counter continues counting. And, when an overflow occurs, the timer F/F4 output is
again toggled and the counter is cleared. Timer F/F4 output is inverted and output to the PWM4 pin. An
INTTC4 interrupt is generated when an overflow occurs. When used as 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 PWREG4/3 while timer/counter is operating. Therefore, output can
be altered continuously. The shift operation of PWREG4/3 to shift register is executed at the INTTC4 timing,.
While timer/counter is operating, the data by read instruction is not a setting value of PWREG4/3 but a value of
shift register. Therefore, after writing to PWREGA4/3, the reading data of these registers is previous value till
INTTC4 is generated.

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

Note 1: In PWM mode, write to the timer registers PWREG4, PWREG3 immediately after an INTTC4 interrupt is
generated (Normally during the INTTC4 interrupt service routine), If writing to PWREG4, PWREG3 and
INTTC4 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 INTTC4 interrupt is generated.

Note 2: If PWM output is stopped during output operation, the output state is maintained at the state immediately
before timer/counter is stopped. For changing the level of PWM4, modify TC4CR<TTF4> after timer/counter
has been stopped. Do not execute halt of imer/counter and modification of TFF4 simultaneously.

Example: Fixes PywM4 output at high level after imer/counter is stopped
CLR (TC4CR). 3 ; Stops timer/counter
CLR (TC4CR). 7 ; Sets PWM4 output to high level output

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

Table 10-7 16-Bit PWM Output Mode

Source Clock Resolution Maximum Setting Time
NORMAL1/2 and IDLE1/2 Modes
SLOW1/2 and Atfc=16 MHz | Mis=32768 kHz | Atfc=16 MHz | Atfs=32768 kHz
DV7CK =0 DV7CK = 1 SLEEP1/2 Modes

fof2 fs/2% [Hz] fsi23 128 [}ls] 244.14 [ps] 8.39 [s5] 16 [s]
fel2? fei2” - 8 [ps] - 524.3 [ms] -
fei2’ fo/2® - 2 [psl - 131.1 [ms] -
fered foi2® - 500 [ns] - 32.8 [ms] -
fs fs fs 30.5 [ps] 30.5 [s] 2 [s] 2 [s]
fof2 fci2 - 125 [ns] - 8.2 [ms] -
fc fc - 625 [ns] - 4.1 [ms] -

Example :Extract the pulse, whose term and “high” width is 32.768 ms and 1 ms respectively, from PWM# pin

with 16-bit PWM mode (at fc = 16 MHz )

LDw (PWREG3}, 07TDOH ; Sets pulse width

LD (TG3CR), 32H ; Sets the 16-bit PWWM mode (Lower) and source clock (fo/2%)
LD {TC4CR), 056H ; Sets the TFF4 to 1" and sets the 16-bit PYWM mode (Upper)
LD (TC4CR), 05EH ; Starts timer/counter
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Figure 10-7 16-Bit PWM Mode Timing Chart (in case of timer/counter 3 and 4)

10.3.8 16-bit programmable pulse generate (PPG) output mode
(Timer/counter 3 and 4)

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

First, the contents of PWREG3/4 are compared with the contents of up counter, If a match is found, the timer
F/F'4 output is toggled. 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.

Whet used as PPG4 pin, respective output latch should be set to “17. During reset, the F/F4 is initialized to “0”.
The F/F4 output is configured by TCA4CR<TFF4>. Therefore, the PPG4=can output either output high or output
low at first time. The timer register should write to the PWREG3/TTREG3 more first than PWREG4/
TTREG4. The timer register must not write only either PWREG3/TTREG3 or PWREG4/TTREG4.

Example :Extract the pulse, whose term and “high” width is 16.385 ms and 1 ms respectively, from PPG4 pin
with 16-bit PPG mode (at fc = 16 MHz)

Low {PWREGS), 07DOH ; Sets pulse width

LDW (TTREG3), 8002H : Sets pulse term

LD {TC3CR), 33H ; Sets the 16-bit PPG mode (Lower) and source dock (fe/2%)
LD {TC4CR), 057H ; Sets the TFF4 to “1" and sets the 16-bit PPG mode {(Upper)
LD {TC4CR), 05FH 1 Starts timer/counter

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

Note 2: If PPG cutput is stopped during output operation, the output state is maintained at the state immediately
hefore timer/counter is stopped. For changing the level of PPG4, medify TC4CR<TTF4> after timerfcounter
has been stopped. Do not execute halt of timet/counter and modification of TFFj simultaneously.

Example: Fixes PPG4 output at high level after timer/counter is stopped
CLR (TC4CR). 3 ; Stops timer/counter
CLR (TC4CR). 7 ; Sets PPG4 output to high level cutput

Note 3:1=3,4
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Figure 10-8 16-Bit PPG Mode Timing Chart (in case of timer/counter 3 and 4)

Page 110



TOSHIBA TENTAT'VE TMP86FS49FG

10.3.9 Warm-up counter mode

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

There are 2 modes in warm-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 warm-up mode, always write TCICR<TFFi> to “0". If TFFiis set to “1%, unexpected pulse may be out-
put from PDGYFWMI/PPGI pin.

Note 2: in the warm-up mode, the lower 8 bits of TTREGm, TTREGn are ignored and an interrupt is generated by
matching the upper 8 bits.

Mote 3:i=3, 4

10.3.9.1 Warm-up counter mode for low frequency
{(NORMAL1 — NORMAL2 —» SLOW2 — SLOW1)
In this mode, it can obtain the warm-up period till the oscillation for low frequency (fs) is stabilized.
Before timer/counter is started, turn on low-frequency oscillation by setting SYSCR2<XTEN> to <17,

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

In the interrupt service program, stop the timer/counter and change the system clock to low-frequency
clock by setting SYSCR2<SYSCK=> to “17.
After that, halt the high-frequency oscillation by clearing SYSCR2<XEN> to “0”.

Table 10-8 Warm-up Period for Low-frequency Oscillation (at fs = 32,768 kHz)

Min (at TTREGm, TTREGn = 0100H) Max (at TTREGm, TTREGn = FFGOH)

7.81 ms 1.99s

Note: m=4,n=3
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Example :Switching to the SLOW1 mode after low-frequency clock has stabilized by using TC4, 3.

SET (SYSCR2).6 ; SYSCR2<XTEN> «—*1°

LD {TC3CR), 43H ; TFF3 =707, fs for sourcerclock, sets 16-bit mode

LD (TCACR), 05H : TFF4 = *0%, sets warm-up counter mode

LD (TTREG3), 8000H ; Sets warm-up time (Depend on oscillator characteristics)

]l 3 IMF 4— 0"

SET (EtRH). 1 ; Enables INTTC4

El 3 IMF €—*=1°

SET (TC4CR). 3 ; Starts TC4, 3

PINTTC4: CLR (TC4CR). 3 ; Stops TC4, 3

SET (SYSCR2). 5 1 SYSCR2<SYSCK> <— “1"
{Switches the main system clock to the low-frequency
clock)

; SYSCR2<XEN> «— "0" {Turns off low-frequency oscilla-

CLR (SYSCR2).7
tion})
RETI
VINTTC4: ow PINTTC4 i INTTC4 vector table

10.3.9.2 Warm-up counter mode for high frequency
(SLOW1 — SLOW2 —» NORMALZ — NORMAL1)
Int this mode, it can obtain the warm-up period til! the oscillation for high frequency (fc) is stabilized,
Before timer/counter is started, turn on high-frequency oscillation by setting SYSCR2<XEN> to “1”.

After timer/counter is started by setting TCmCR<TCmS>, the contents of TTREGm, TTREGn 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 10-8 Warm-up Period for High-frequency Oscillation (at fc = 16 MHz)

Min (at TTREGm, TTREGH = 0100H) Max (at TTREGM, TTREGR = FFOOH)

16 s 4.08ms
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Example :Switching to the NORMALI mode after high-frequency clock has stabilized by using TC4, 3.

PINTTC4:

VINTTC4:

SET

LD

LD

LD

DI

SET

El

SET

CLR

CLR

CLR

RETI

Dw

(SYSCR2). 7
(TC3CRY), 63H
(TC4CR), 05H

(TTREG3), OF800H

(EIRH). 1

(TC4CR). 3

(TC4CR). 3

(S8YSCR2). 5

(SYSCR2).6

PINTTC4

s SYSCR2<XEN> < *17

: TFF3 ="0", fc for source clock, sets 16-bit mode

; TFF4 =07, sets warm-up counter mode

; Sets warm-up time {Depend cn oscillator characteristics)
i IMF €—"0"

; Enables INTTC4

L IMF <—"1"

; Starts TC4, 3

; Stops TC4, 3
; SYSCR2<8YSCK> «— 0"
(Switches the main system clock to the high-frequency

clock)

; BYSCR2<XTEN=> <—*0" {Turns off high-frequency oscilla-
tion)

; INTTG4 vector table
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11. 8-Bit Timer/Counter (TC5, TCG6)

11.1 Configuration

PWHM mode
Al
e ) :D—Naém:s
11 3
o2l o (/20 —»A X = Clear /_FJ M
o2 ~—B Y A Y b U coumter .
se28 —lc 8 \—h—o<!— TCBS
s | i
foiz —>P 1/\ FDO, PRG mode
ts —E | o i
o2 —piF 16-bit ¥ > Toggle
e 3G mode Bg aH{>e{]
TCB pin [ fepdni ydt
< 3 “——1/\ mode | Timer, event Set PoO6/FvME!
TCBM £ ¥ A S | counter mode Clear PPGE pin
TCES w—— - K Y Ti FiFg
er
TRFS € Cee B _—‘__—D——‘ irm
PWM, PBG maode
TCBCR TTREGH PWREGE '
i } | ” REG 1 POO, PIWM, PPG mode
U g U
16-bit
mode
TCHS
PVl mode —_—
Clear INTTCS
fai2' or fsf2? —PA Py 1
E n - !
fal2 i B Y up counter Do 18-bit mode
/2> —*c PRO mode
ol —w D -—LI—>
5 —ME I
Toggle
fof2 —¥F g9
fo —lG 18-bit moda Q —£>0—|:]
Timer, event P Set PDOSIPYWNS
5 counter mode pin
TCSM t—— R — Clear
55 e ] Timer FiF5
;“F:FSS TCACK r‘D_ ¥
“J PYWM mode PO, PWM made

’ TC5CR ” TTREGS “ PWREGS [ 16-it made

I TR

Figure 11-1 8-Bit Timer 5, 6

11.2 Control

The timet/counter 5 is controlled by a timer/counter 5 control register (TC5CR) and two 8-bif timer registers
(TTREGS and PWREGS).
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Timer Register

TTREGS 7 5} 5 4 3 2 1 0

(0016H) ! -*l (Initial value: 1111 1191)
RAW ' ' ' ’ '

PWREGS _ i ‘ _ . _ _
(001AH) [ | (Initial value: 1411 1111)
RIW : - ' '

Note 1: Do not change the timer register (TTREGS) while timerfcounter is operating.
Note 2: Do not change the timer register {(PWREGS) while timer/counter is operating, except 8-bit PWM and 16-bit PWM modes.

Timer/Counter 5 Control Register

TCSCR 7 6 5 4 3 2 1 0
(oo2sH) | 1Frs | TC5GK | Toss | TCSM (Initial value: 0G0Q 0D0QO)
TFF5 Timer F/F5 control 0: Clear
1: Set
NORMAL1/2 and IDLE1/2 modes SLOWY/2 and
DV7CK =0 DVICK =1 SLEEP1/2 modes
000 fdz" f5123 f5f23
001 fof2? for2? _
010 5 5 —
TC5CK | TC5 source clock select [Hz] fef2 fol2
011 fo/23 forad -
100 fs fs fs RIW
101 fol2 for2 _
110 fc f te
111 TCS pin input

0: Stop and counter clear

TC58 TCS start contral 1: Command start

000: &-bit timerfevent counter mode

D01: B-bit programmable divider output (PDO) mode
TC5M TCE operating mode select 010: 8-bit pulse width modulation (PWN) mede

011: 16-bit mode (Mcde selection is controlled by TC6M)
1**: Reserved

Note 1. fe: High-frequency clock [Hz), fs: Low-frequency clock [Hz]
Note 2: During TC5 operaticn, do not change TCSM, TC5CK and TFF5.

Note 3: When TC5 operation is stopped (TC5S = “1” & "0"), do not change TC5M, TC5CK and TFF5. Butit is possible to change
TC5M, TC5CK and TFF5 at the start timing (TC5S = "0" /&£ “17).

Note 4: When used as 16-bit mode, the operating mode is selected by TC6CR<TCBM:=>, and TC5M should be set to “011".

Note §: When used as 16-bit mode, only the source clack is selected by TCS5CK, and start of operation and control of F/F are con-
trolled by TC6CR<TC6ES> and TC6CR<TFF6>.

Note 8: Selecting source clock depends on the operating mode, refer to Table 11-1 and Table 11-2 for details.
Note 7: Value of timer register depends on the operating mode, refer to Table 11-3 for details.
Note 8: When used as the SLOW and SLEEP modes, the "fs" of TC5 source clock can use only "fc warm-up counter” mede.

The timer/counter 6 is controlled by a timer/counter 6 control register (TC6CR) and two 8-bit timer registers
{TTREG6 and PWREGS).
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Timer Register
TTREGE 7 . 5] : 5 . 4 3 , 2 , 1 ¢
{0017H) ] -‘.] {Initial value: 1111 1111)

PWREGS . _ 7 _
(oo1BH) | ; : | dnitial vatue: 1111 1111)

Note 1: Do not change the timer register (TTREGS) while timer/counter is operating.
Note 2: Do not change the timer register (PWREGE) while timer/counter is operating, except 8-bit PWM and 16-bit PYWM modes.

Timer/Counter 6 Control Register

TCBCR 7 6 5 4 3 2 1 1]
(002AH) | TFF6 | TC6CK | TCES | TCEM (Initial value: 0000 000CY
0: Cl
TFF6 Timer F/F6 control Clear
1: Set
NORMAL1/2 and IDLE1/2 modes SLOWA/2 and
DVTCK =0 DVTCK =1 SLEEP1/2 modes
000 for2't fsf23 fs/2°
001 fef2? fof2? -
010 foi2® fo/2® -
TCEGK | TCB source dlock select [Hz] “

041 for2® fof2? -
100 fs fs fs
101 for2 fo/2 - RAV
10 fo fo -
1M TCB pin input

0: Stop and counter clear

TCE
C6S TC6 start control 1+ Command start

000: 8-bit timer/event counter mode

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

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

: d
TCEM TCB operating mode select 011: Reserve

100: 16-bit timer/event counter mode

101: Warm-up counter mode

110: 16-bit pragrammable divider output {(PDG) mode

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

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

Note 3: When TC6 operation is stopped (TCBS = 1" /£ "07), do not change TC68M, TC6CK and TFF6. But it is possible to change
TGEM, TCBCK and TFF6 at the start timing (TC6S = “0" £ "1").

Note 4: When TC6M is selected to “1**” {16-bit mode), the source clock is automatically selected to the overflowing signal of TC5
counter.

Note 5: When used as 16-bit mode, the operating mode is selected by TC6M, and TCS5CR<TC5M> should be sef to "011".

Note 6: When used as 16-bit mode, only the source clock is selected by TC5CR<TC5CK=, and start of operation and confrol of Ff
F are controlled by TC8S and TFF&.

Note 7: Selecting source clock depends on the operating mode, refer to Table 11-1 and Table 11-2 for details.
Note 8: Value of timer register depends on the operating mode, refer to Table 11-3 for details.
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Table 11-1 Operating Mode and Available Source Clock (under NORMAL1/2 mode, IDLE1/2 mode)

fo/2™ TCi

Operating Mode or for2? fer2s fef2® fs, fel2 fe pirt

fs/2® input
8-hit timer o] o] 0O o] - - - -
8-bit event counter - - - - - - - O
8-bit PDO O O O O - - - -
B-hit PVWM o} o} O O o} O o] -
16-bit timer o] O O o) - - - -
16-bit event counter - - - - - - - o)
Warm-up counter - - - - fe) - - -
16-hit PYWM Q 0 Q le] fo] o) e} -
16-bit PPG (o] o) fe) O - - - -

Note 1: For 16-bit operation (16-bit timer/event counter, warm-up counter, 16-bit PWM and 16-bit PPG), set its socurce clock on

lower bits {TCSCK).
Note 2: i = 5, 6 (B-bit mode)
i = 5 (16-bit mode)

Table 11-2 Operating Mode and Available Source Clock (under SLOW1/2 mode, SLEEP1I2 mode)

fos2 TGi

Operating Mode or fer2? fer2® foi2® fs foi2 fc pin

fef2® input
B8-bit timer O - - - - - - -
B-bit event counfer - - - - - - — o)
8-hit PDC o] - - - - - - -
B-hit PVWM O - - - 0 - - -
16-bit timer O - - - - - - —
16-bit event counter - - - - - - - o]
Warm-up counter - - - - - - fe) -
16-bit PWM o) - - - o) - - -
16-bit PPG o] - - - - - - -

Note 1: For 16-bit operation (16-bit timer/event counter, warm-up counter, 16-bit PWM and 16-bit PPG), set its source clock on

lower bits (TC5CK).
Note 2: i = 5, 6 (8-bit mode)
i = 5 {16-bit mode)
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Table 11-3 Restriction against the Rate for Comparing Registers

Operating Mode

Authorized Rate for Register

8-bit imerfevent counter

1 £ (TTREGn} £ 255

8-bit PDC 1£({TTREGn) £ 255
8-bit PVWM 2 £ {(PWREGnH) £ 254
16-bit timerfevent counter 1 £{TTREGS, 5) £ 65535

fe warm-up counter

256 £ (TTREGS, 5) £ 65535

16-bit PWM 2 £ {(PWREGS, 5) £ 65534
16-bit PPG 1 £ {(PWREGS, 5) < (TTREGS, 5) £ 65535 and (PWREGS, 5) + 1 < (TTREGS, 5)
Note: n=5,6

11.3 Function

Timet/counter 5, 6 have cight operating modes: 8-bit timer, 8-bit event cointer, 8-bit programmable divider output
mode, 8-bit pulse width modulation output mode, 16-bit timer, 16-bit event cointer, warm-up counter mode,16-bit
pulse width modulation output mode, 16-bit programmable pulse generator output mode.

16-bit timer mode can use timer counter 5 and 6 by cascade connection.

11.3.1 8-bit timer mode (Timer/counter 5, 6)

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

Note 1: In the timer mode, always write TCJCR<TFFj> fo “0". If TFFj is set to *1”, unexpected pulse may be output
from PDO/PWWIIPPG) pin.
Note 2: In the limer mode, do not change the setting of timer registers (TTREG]) while timerfcounter is operating.
Since TTREG;] is configured as one-stage register, a newly set value is immediately refliected on the timer

register.
Note3:j=5,6

Table 11-4 Timer/Counter 5, 8 Source Clock (Internal clock)

Source Clock Resolution Maximum Time Setiing
NORMAL1/2 and IDLE1/2 Modes
SLOW/2and SLEEPVZ [ v oMMz | Atfs=32768KHz | Atfo=18 MHz | Atfs=32.768 kHz

DV7CK =0 DV7CK = 1 Mades

fe/2"1 [Hz) fe/2® [Hz] fs/2® [Hz] 128 [ps] 244,14 [11s] 326 [ms] 62.3 [ms]
fer2? for2? - 8 [Us] - 2,0 [ms] -

for2® fei2® - 2 [pLs] - 510 [1s] -

fo/2? for2d - 500 [ns] - 127.5 [{ls] -
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11.3 Function
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TCBCR<TCES> ’

Intemnal

seurosclockIiIlf|1||‘“[|IIlll[l'vlllllillililil

0 )(1)( )(3)Qi)(-11)(2)¢:)(n~1
:: Maltch detect¢
"

Figure 11-2 8-Bit Timer Mode Timing Chart (in case of timer/counter 6)

Counter

TTREGS z—_)( n

INTTCS interrupt

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

MHz).
LowW
D
SET
El
LD

L.P

{TTREGS}, QAH

(EIRE). 2

(TC&CR), 000100008

(TC6CR), 00011G00B

; Starts TC6

; Enables INTTC6 interrupt

; Sets the timer register (80 [is = 27/fc = 0AM)

; Sets the 8-bit timer mode and source clock (fc!27)

XX

i {4

Y
1
r
r
t
L

" Mateh detect w Counter clear
i
V¥

Counter clear

11.3.2 8-bit event counter mode (Timer/counter 5, 6}

In this mode, events are counted on the falling edge of TCj pin input. The contents of TTREG] are compared
with the contents of up counter. If a match is found, an INTTC]j interrupt is generated, and the counter is

cleared. The maximum applied frequency is fo/2* [Hz] in NORMAL1/2 or IDLE1/2 mode and fs/2* fHz] in
SLOW1/2 or SLEEP1/2 mode. Two or more machine cycles are required for both the “H” and “L” levels of the

pulse width.

Note 1: In the event counter mode, always write TCJCR<TFFj> to “0". If TFFjis set to “1”, unexpected pulse may be
output from PDOYPWMIPPG] pin.

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

the timer register.

Note 3:j=5,6

TCBCR<TCES> ’

H
TC8 pin input 3 l ! | | l t l I | 5r’l I l i I l I i l ]
Counter )@Q n-1%n n-1Xn 1 A2 4
1 1
- i 4 '
TTREGS 2 X o ! 5 ” 5 ;
T ] )] T
! f#atch detect Countar Maich Counter 1
INTTCS interrupt : clear detect clear :

Figure 11-3 Event Counter Mode Timing Chart (in case of timer/counter 6)
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11.3.3 8-bit programmable divider output (PDO) mode (Timer/counter 5, 6)

The internal clock is used for counting up. The contents of TTREG] 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 laich should be set to “17.
This mode can be used for 50% duty pulse output. Timer F/Fj can be initlalized by program, and it is initialized
o “0” during reset. An INTTCj interrupt is generated each time the PDCj output is toggled.

Example :Output a 1024 Hz pulse (at fc = 16 MHz = “0”, in case of TC6)

LD (TTREGS}, 3DH : (141024 + 27ic )+ 2 = 3DH
LD (TCBCR), 000100018 ; Sets the 8-bit PDO made and source clock (fe/27}
LD (TC6CRY), 00011001B ; Starts TCB

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

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

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

CLR (TC|CR).3 ; Stops timer/counter
CLR (TCJCR).7 ; Seis PDOQj output to high level output

MNote 3:j= 5,6
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Figure 11-4 8-Bit PDO Mode Timing Chart (in case of timer/counter 6)
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11.3.4 8-bit pulse width modulation (PWM) output mode (Timer/counter 5, 6)

PWM output with a resolution of 8 bits is possible. The internal clock is used for counting up. The contents
of PWREGH 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 PWREGI while timer/counter is operating. Therefore, output can be altered continuously. The
shift operation of PWREGi to shift register is executed at the INTTCi timing. While timer/counter is operating,
the data by read instruction is not a setting value of PWREGI but a value of shift register. Thereofre, after writ-
ing 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 (Nor-
mally during the INTTCi interrupt service routine). If writing to PWREGI and INTTCi interrupt occur at the
same time, the unstable value being wriiten is shifted. This may cause pulses different from the set value to
be cutput until the next INTTCi interrupt is generated.

Note 2: If PWM output is stopped during output operation, the output state is maintained at the state immediately
before timer/counter is stopped. For changing the leved of PwMi, medify 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 (TCJCR). 3 ; Stops timer/counter
CLR (TCJCR).7 ; Sets PWMi output to high level output

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

Note 4:i=5,6
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Figure 11-5 8-Bit PWM Mode Timing Chart (in case of timer/counter 6)
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Table 11-5 PWM Output Mode

Source Clock Resolution Maximum Setting Time
Ng::::::z and IDL;\ZZCRKAT:S s LSELE:;’;Z’ ZMT:ES Atfc=16 MHz | Atfs=32.768 |:Hz Atfc=16 MHz | Atfs=32.768 kHz

foi2! [Hz] 1s/2% [Hz] 15123 [Mz] 128 [Us]|  244.14 [ps] 32.8 [ms] 62.5 [ms]
fer2? fer2? - 8 [Hs} - 2.05 [ms] -
fole’ foi2® - 2 [Us] - 512 s -
foi® /23 - 500 [ns] - 128 [ps] -
fs fs fs 30.5 [ps] 30.5 [Ls] 7.81 [ms] 7.81 [ms]
fal2 foi2 - 126 [ns] - 32 [us] -
fe fe - 62.5 [ns] - 16 [Us] -

11.3.5 16-bit timer mode (Timer/counter 5 and 6)

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

16-bit timer mode of timer/counter 5 and 6
If a match is found, the INTTCS interrupt is generated and the counter is cleared to “0”. Counting up resumes
after the counter is cleared. The timer register should write to the TTREGS more first than TTREGS. The timer
register must not write only either TTREGS or TTREGS.

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

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

Note 3:j=5,6

Table 11-6 Source Clock of 16-Bit Timer Mode

Source Clock Resolution Maximum Setting Time
NORMAL2 and IDLE2 Modes SLOW1/2 and Atfc= 16 MHz | Atfs=32768 kHz| Atfc=16 MHz | Atfs=32.788 kHz
DV7CK =0 DVFCK =1 SLEEP1/2 Modes
feroM fs/23 [Hz] fsf2® [Hz] 128  [Us) 244.14 [[is] 839 [s] 16 [s]
for2? fera? - 8 [us] - 524.3 [ms] -
feia® fef25 - 2 [us) - 131.1 [ms) -
for2? for2d - 500 [ns] - 32.8 [ms] -

Page 125



11. 8-Bit Timer/Counter (TC5, TC6)
11.3 Function

TENTATIVE TMPBEFS49FG

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

= 16 [MHz])

LDw (TTREGS), 927CH : Sets the timer register (300 ms + 27fic = 927CH)

Dt

SET (EIRE). 2 ; Enable INTTCS interrupt

El

LD (TCSCR), 13H ; Sets the 16-bit timer mode (Lower) and source clock

LD (TCECR), 04H ; Sets the 16-bit timer mode (Upper}

LD (TC8CR), OCH ; Starts timer/counter
TCGCR<TCES> I !
Internai

13
¥
seurce clock '
]
E

Counter o X 1 Xz X )QD(mn.—s e 0¥ 1 Y 2 )Q:)(mnq SO& XZX 0
: g 4 :

TIREGS

{Lower) ZX : - % 4% ,

X ; H— '
2 " Match defect Counter clear && Match detect Countercleari

INTTCS interrupt i Q |/ \{ y '
: % ¥ :

Figure 11-6 16-Bit Timer Mode Timing Chart (in case of timer/counter 5 and 6)

11.3.6 16-bit event counter mode (Timer/counter 5 and 6)

In this mode, event are counted on the falling edge of the TC5 pin input. Timer/counter 5 and 6 are also
available as a 16-bit event counter mode by cascade connection.

16-bit event counter mode of timer/counter 5 and 6
If a match is found, the INTTCE interrupt is generated and the counter is cleared to “0”. After the counter is
cleared, counting up resumes every falling edge of TC5 input. The maximum applied frequerncy is fe/2* [Hz] in
NORMALI1/2 or IDLE1/2 mode and f5/2* [Hz] in SLOW1/2 or SLEEP1/2 mode. Two or more machine cycles

are required for both the “H” and “L” levels of the pulse width. The timer register should write to the TTREGS
more first than TTREG6. The timer register must not write only either TTREGS or TTREGS®.

Note 1: In the event counter mode, always write TCJCR<TFFj> to "0”. If TFFj is set to “1”, unexpecled pulse may be
output from PDOJ/PWMI/PPG]) pin.

Note 2: In the event counter mode, do not change the setfing of timer registers {TTREG]} while timer/fcounter is
operating. Since TTREG] is configured as one-stage register, a newly sef value is immediately reflected on
the timer register.

Nete 3:j=5,6
11.3.7 16-bit pulse width modulation (PWM) output mode (Timer/counter S and 6)

PWM output with a resolution of 16 bits is possible. Timet/counter 5 and 6 are also available as a 16-bit
PWM output mode by cascade connection.
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16-bit PWM output mode of timer/counter 5 and 6

The contents of PWREG5/6 are compared with the contents of up counter. If a match is found, the timer F/F6
output is toggled. The counter continues counting. And, when an overflow occurs, the timer F/F6 output is
again toggled and the counter is cleared. Timer F/F6 output is inverted and output to the PWM6 pin. An
INTTC6 interrupt is generated when an overflow occurs. When used as PWM6 pin, respective output latch
should be set to “1”. In PWM mode, because PWREG6/5 each becomes a 2-stage registers with shift register,
it is possible to change the setting value of PWREG6/5 while timer/counter is operating. Therefore, output can
be altered continuously. The shift operation of 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 PWREG6/5 but a value of
shift register. Therefore, after writing to PWREGS/5, the reading data of these registers is previous value till
INTTCS is generated.

While timer/counter stops, written value to PWREG®/5 is shifted to shift register immediately. When writing
to PWREGG/3, always write to the lower side (PWREGS) and then the upper side (PWREGS) in that order.
Writing to only lower side (PWREGS) or the upper side (PWREGS6) has no effect.

Note 1: In PWM mode, write to the timer registers PWREGS, PWREGS immediately after an INTTCS interrupt is
generated (Normally during the INTTCB interrupt service routine). If writing to PWREGS, PWREGS and
INTTCS interrupt oceur 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 INTTCE interrupt is generated.

Note 2: If PWM output is stopped during output operation, the output state is maintained at the state immediately
before timer/counter is stopped. For changing the level of Pwivis, modify TC6CR<TTF8> after timer/counter
has been stopped. Do not execute halt of timer/counter and modification of TFF6 simultaneously.

Example: Fixes PvWME output at high level after timer/counter is stopped
CLR (TC8BCR). 3 ; Stops timer/counter
CLR (TC6CR).7 ; Sets PWMB output to high level output

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

Table 11-7 16-Bit PWM Output Mode

Source Clock Resolution Maximum Setting Time
HORMAL 12 an IDLENZ Modes SLOW1/2 and Atfc=16MHz | Atfs=32.768 kHz | Atfo=16 MHz | Atts = 32768 ktiz
DV7CK =0 DVTCK = 1 SLEEP1/2 Modes
foi2 fs/2% [Hz] fsf2® 128 [Us] 244.14 [ps] 8.39 [s] 16 [g]
fei2? fes2? - 8 [Lis] - 5243 [ms] -
foio® fo/2 - 2 [ps] - 131.1 [ms] -
fer2® for2® - 500 [ns] - 32.8 [ms] -
fs fs fs 30.5 [ps] 30.5 [Ms] 2 [s] 2 [s]
fc/2 fef2 - - 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 PWM®é pin
with 16-bit PWM mode (at fc = 16 MHz)

LDW (PWREGS), 07DOH ; Sets pulse width

LD (TC5CR), 33H ; Sets the 16-bit PWM mode (Lower) and source clock (fce/2%)
LD (TC6CR), 056H ; Sets the TFF6 to *1” and sets the 16-bit PVWM mode (Upper)
LD (TC&CR), 05EH ; Starts timer/counter
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Figure 11-7 16-Bit PWM Mode Timing Chart (in case of timer/counter 5 and 6)

11.3.8 16-bit programmable pulse generate (PPG) output mode
(Timer/counter 5 and 6)

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

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

When used as PPG6 pin, respective output latch should be set to “1”. During reset, the F/F6 is initialized to “0”.
The F/F6 output is configured by TC6CR<TFF6>. Therefore, the PPG6°can output either output high or output
low at first time. The timer register should write to the PWREGS/TTREGS more first than PWREG6/
TTREG®6. The timer register must not write only either PWREGS5/TTREGS or PWREG6H/TTREG6.

Example :Extract the pulse, whose term and “high” width is 16.385 ms and 1 ms respectively, from PPG6 pin
with 16-bit PPG mode (at fc = 16 MHz)

LDW {PWREGS), 07D0H ; Sets pulse width

LDW {TTREGS), 8002H ; Sets pulse term

LD {TC5CR), 33H ; Sets the 16-bit PPG mode (Lower) and source clock (fei2®)
LD {TCBCR), 057H ; Sets the TFF6 to 1" and sets the 16-bit PPG mode (Upper)
LD (TC6CRY}, 05FH ; Starts times/counter

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

Note 2: If PPG output is stopped during output operation, the oufput state is maintained at the state immediately
before timer/counter is stopped. For changing the level of PPG6, modify TCBCR<TTF6> after timer/counter
has been stopped. Bo not execute halt of timer/counter and modification of TFFj simultaneously.

Example: Fixes PPG8 output at high level after timer/counter is stopped

CLR (TC6CR). 3 ; Stops timer/counter
CLR (TCBCR).7 ; Sets PPGs ouiput to high level output

Note 3:i1=5,6

Page 129



11. 8-Bit Timer/Counter (TCS, TC6)

11.3 Function

TMPBEFS49FG

TENTATIVE

zi.

‘paddols g el usym ' : : ‘ _
suiRUIBW [@As] Inding / t ! . £ !
R —— 1
1
sedio g’ X M 10818p Yate =38P YoKE
: o) o b X é
1 1]
] 1]
_ ”
; Q ¢ 1 X ¢
! Paep Jarep 0o1ep ;
: usie uoEWN yoew !
; 0 O w x é
J J
: :
; " vm
i '
" :
; ) O S
éégég

hy

wnhsiu 9O LLNI

wd 99dd

94/ Jetu].

taddny) 9oLl

(om0 GOTULL

(saddn) goIEMd

{(tama} GOIUM

JERINOD

3OS0 20N0S [BLIAW]

<Bd1>Y580L

<880 L>H0801

Figure 11-8 16-Bit PPG Mode Timing Chart (in case of timer/counter 5 and 6)
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11.3.9 Warm-up counter mode

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

There are 2 modes in warm-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 warm-up mode, always write TCICR<TFFi> to "0". If TFFiis set to “1”, unexpected pulse may be out-
put from PDOHPWIWIPPGE pin.

Note 2: In the warm-up mode, the lower 8 bits of TTREGm, TTREGh are ignored and an interrupt is generated by
matching the upper 8 bits.

Mote 3:i=5,6

11.3.9.1 Warm-up counter mode for low frequency
(NORMAL1 — NORMAL2 — SLOW2 — SLOW1)
In this mode, it can obtain the warm-up period till the oscillation for low frequency (i5) is stabilized.
Before timer/counter is started, turi on low-frequency oscillation by setting SYSCR2<XTEN> to “17”,

After timer/counter is started by setting TCmCR<TCmS:>>, the contents of TTREGm, TTREGn 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”.

I the interrupt service program, stop the timer/counter and change the system clock to low-frequency
cleck by setting SYSCR2<SYSCK> to “1”.
After that, halt the high-frequency oscillation by clearing SYSCR2<XEN> to “0”.

Table 11-8 Warm-up Period for Low-frequency Oscillation (at fs = 32.768 kHz)

Min (at TTREGm, TTREGn = 0100H) Max (at TTREGm, TTREGn = FFOGH)

7.81ms 1998

Note: m=6,n=5
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Example :Switching to the SLOW1 mode after low-frequency clock has stabilized by using TCS, 5.

SET (SYSCR2). 8  SYSCR2<XTEN> <—“1"

LD {TC5CR), 43H 3 TFFS =07, fs for sourcetlock, sets 16-bit mode

LD {TCBCR), 05H ; TFF& =*0", sets warm-up counter mode

LD {TTREGS}, 8000H ; Sets wam-up time (Depend on oscilator characteristics)

DI i IMF <—“0"

SET (EIRE). 2 ; Enables INTTC6

El IMF €—"1"

SET (TC8CR). & ; Starts TC8, 5

PINTTCS: CLR (TCBCRY). & ; Stops TC6, 5

SET (SYSCR2). 5 1 SYSCR2<8YSCK> <17
(Switches the main system clock to the low-frequency
clock}

; SYSCR2<XEN> 4—*0" (Tumns off low-frequency oscilla-

CLR {SYSCR2). 7
tion)
RETI
VINTTCS: Dw PINTTCE ; INTTCS vector table

11.3.9.2 Warm-up counter made for high frequency
(SLOW1 —» SLOW2 — NORMAL.2 - NORMAL1)
In this mode, it can obtain the warm-up period till the oscillation for high frequency (fc) is stabilized.
Before timer/counter is started, turn on high-frequency oscillation by setting SYSCR2<XEN> to “1”.

After timer/counter is started by setting TCmCR<TCmS>, the contents of TTREGm, TTREGn 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 “07.

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

Table 11-9 Warm-up Period for High-frequency Oscillation (at fc = 16 MHz)

Min (at TTREGm, TTREGn = 0100H) Max (at TTREGm, TTREGn = FF00H)

16 s 4.08 ms
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Example :Switching to the NORMAL 1 mode after high-frequency clock has stabilized by using TC6, 5.

PINTTCE:

VINTTCS:

SET

LD

LD

LD

8]

SET

El

SET

CLR

CLR

CLR

RETI

bw

{SYSCR2), 7
(TCSCRY), 63H
(TCECRY), 05H

(TTREGS), 0F800H

(EIRE). 2

(TCECR). &

(TGBCRY). 5

(SYSCR2). 5

(SYSCR2). 8

PINTTCS

s SYSCR2<XEN> <—"17

; TFFS ="0", fc for source dlock, sets 16-hit mode

; TFF6 =*0", sets warm-up counter mode

; Sets warm-up time {Depend on oscillator characteristics)
; IMF <—"0"

; Enables INTTCE

i IMF — 1"

: Starts TCS, 5

; Stops TCB, 5

; BYSCR2<SYSCK> «— 0"
{Switches the main system clock to the high-frequency
clock)

;3 SYSCR2<XTEN=> <— "0” (Turns off high-frequency oscilla-
tion}

1 INTTC6 vector table
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12. UART 1 (Asynchronous serial interface 1)

12.1 Configuration

UART1 control register 2 Transmit data buffer 1 Receive data buffer 1
| UARTICRY | i TDBUFA I ROBUF1
1
¥
A3 A2 Shift register
PR = SN
’ Parity bit l
. Stop bit
Transmit Shift register Recelve
INTTXD1 « control control
clreuit circuif
—| Noise rejection circuit |———{:] RXD1
Y
A h A
INTRXD1 1 TXD1
Y
Transmit/receive clock M A< et
S REREEEEE RECL eI EEEERE P B~ fof2’
g : X ¢l fc/2B
13 >rA ; 3
o268 B : 52 4 :>2
fB2 G, : ¥ \
fci104  >-{D pY—bi Counter I ; UART1SR UARTICR2
/208 >+E X ! . ; | I
fcid16  »--F ; UART1 status register
INTTC3 1C :
W6 U] baud rate generstor_ ! ﬁ

MPX: Multiplexer

Figure 12-1 UART1
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12. UART 1 (Asynchronous serial interface 1)

12.1 Configuration

TENTATIVE

TMPBEFS49FG

12.2 Control

UART is controlled by the UART control registers (UART1CR1, UART1CR2), The operating status can be mon-
itored using the UART status register ((JART1SR).

UART1 Control Registers

UARTICR1 7

5} F 4

3 2 1 o)

{OF95H) | TXE | RXE | STBT | EVEN 1

PE | BRG {Initial value: 0000 0000)

TXE

Transfer operation

[ =]

: Disable
1: Enable

RXE

Receive operation

[=]

: Disable
: Enable

-

STBT

Transmit stop bit length

1 bit
: 2 hits

= O

EVEN

Even-numbered parity

: Odd-numbered parity
: Even-numbered parity

O3

PE

Parity addition

o

: No parity
1: Parity

Wite
only

BRG

Transmit clock select

000: fo/13 [Hz]
001: fci26

010: fe/52

011 fo/104

100: /208

101; fcl416

110: TC3 {INTTC3)
11; fo/o6

Note 1: When operations are disabled by setting TXE and RXE bit to “0”, the setting becomes valid when data transmit or receive
complete. When the transmit data is stored in the transmit data buffer, the data are 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: UART1CR1<RXE> and UART1CR1<TXE> should be set to “0” before UART1CR1<BRG> is changed.

(bnitial value: *** *000)

only

UART1CR2 7 6 5 4 3 2 1 0
(0F98H) i RXDNG STOPBR
3
00: No noise rejection (Hysteresis input)
RXDNG Selection of RXD input noise 01; Rejects pulses shorter than 31/fc [s] as noise
rejection time 10: Rejects pulses shorter than 63/f¢ [s] as noise
11: Rejects pulses shorter than 127/4c [s] as noise
. " 0. 1hit
STCPBR Receive stop bit length 1 2 bits

Note: when UART1CR2<RXDNC> = “01”
UART1CRZ<RXDNC> = "10", longer than 192/f¢ [s); and when UART1CR2<RXDNC> = “11", longer than 384/fc [s].

, pulses longer than 96ffc [s] are always

regarded as signals; when
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UART1 Status Register and Data Buffer Registers

UART1SR 7 &6 5 4 3 2 1 o)
(oFosH) | perr | FErR | oErR | mer | TEND | TEEP | | (Initial value: 0000 117}
. 0: No parity error -
PERR Parly error flag 1: Parity error
EERR Framing eror flag 0: No fre'lmmg ermor
1: Framing error

CERR Overrun error flag 0: No overrun arror
1: Overrun error Read
. 0: Receive data buffer empty only
RBFL Receive data buffer fulf flag 1- Receive data buffer full
. 0: Transmitting
TEND Transmit end flag 1- Transmit end

0: Transmit data bufter full
1

TBEP Transmit data buffer empty flag - Transmit data buffer empty

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

UART1 Receive Data Buffer

RDBUF1 7 B 5 4 3 2 1 0
(OF97H) l {Initial value: 0000 0000) Read only

UART1 Transmit Data Buffer

TDBUF1 7 6 5 4 3 2 1 0
(OF97H) | (Initial value: 0000 000OO) Wite only
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12.1 Configuration TMPBG6FS49FG
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12.3 Transfer Data Format
In UARTI, an one-bit start bit (Low level), stop bit (Bit length selectable at high level, by UART1CR1<STBT>),

and parity (Select parity in UART1CR1<PE>; even- or odd-numbered parity by UART1CR1<EVEN>) are added to
the transfer data. The transfer data formats are shown as follows.

Table 12-1 Transfer Data Format

PE | sTRT Frame Length ,
T S N S I L T T T B S B T B P

o 0 9 1 N sart [ B X Bt X----X Bis X Bz ) Stopd

O b T ] "N\ st { Bio { mt1 X----X Bis X Btz Y Stopt  Stop2
TP T\ sen [ o X Bt X----X Bis X iz ¥ Parity ¥ Stopt
Tt \ismt B0 X st Y- X _Bis X Bir X Party ) swpl Stop2

Note: In order to switch the transmit data format, perform transmit operations in the following sequence except for the ini-
tial setting.

Without parity/1 STOP bit

N,

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

N =

With parity/2 STOP bit
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12.4 Transfer Rate

The baud rate of UART1 is set of UART1CR1<BRG>. The example of the baud rate are shown as follows,

Table 12-2 Transfer Rate

Source Clock

BRG

16 MHz 8 MHz 4 MHz
000 76800 [baud] 38400 [baud] 19200 [baud]
001 38400 19200 9600
010 19200 9600 4800
oM 8600 i 4800 2400
100 4800 2400 1200
101 2400 1200 600

When TC3 is used as the UART1 transfer rate (when UART1CR1<BRG> = “110”), the transfer clock and transfer
rate are determined as follows:

TC3 source clock
TTREGS set value

Transfer clock =

Transrer clock

16

Transfer rate =

12.5 Data Sampling

The UART receiver keeps sampling input using the clock selected by UART1ICR1<BRG> until a start bit is
detected in RXD1 pin input. RT clock starts detecting “L™ level of the RXD1 pin. Once a start bit is detected, the
start bit, data bits, stop bit(s), and parity bit are sampled at three times of RT7, RTS8, and RT9 during one receiver
clock interval (RT clock). (RTO is the position where the bit supposedly starts.) Bit is determined according to
majority rule (The data are the same twice or more out of three samplings).

RXD1 pin \ Start bit A Bito
RT0O1 2 3 4 56 78 911112131415 0¢ 1 2 3 4 5 6 7 8 9 1011
RT clock
Y
Internal receive data \ Start bit /( Bit0 v ovy

a) Without noise rejection circuit

RXDipin |\ Start bit A Bt X

RT0 1 2 3 4 56 7 8 2101112131415 0 1 2 3 4 5 6 7 8 9 1011

RT clock

||
Internal receive data \ Start bit l l l A BitD YV Vv

b) With noise rejection circuit

Figure 12-2 Data Sampling
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12.6 STOP Bit Length TMP86FS49FG
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12.6 STOP Bit Length

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

12.7 Parity

Set parity/no parity by UART1CR1<PE>; set parity type (Odd- or even-numbered) by UART1CR1<EVEN>.

12.8 Transmit/Receive

12.8.1 Data transmit

Set UARTICRI<TXE> to “1”. Read UART1SR to check UART1SR<TBEP> = “1”, then write data in
TDBUF1 (Transmit data buffer). Writing data in TDBUF1 zero-clears UART1SR<TBEP>, transfers the data
to the transmit shift register and the data are sequentially output from the TXD1 pin. The data output include a
one-bit start bit, stop bits whose number is specified in UARTICR1<STBT>> and a parity bit if parity addition
is specified. Select the data transfer baud rate using bits 0 to 2 in UARTICR1. When data transmit starts,
transmit buffer empty flag UART1SR<TBEP> is set to “1” and an INTTXD1 interrupt is generated.

While UART1CR1<TXE> = “0" and from when “1” is written to UART1CR1<TXE> to when send data are
written to TDBUF1, the TXD1 pin is fixed at high level. When transmitting data, first read UARTI1SR, then
write data in TDBUF 1. Otherwise, UART1SR<TBEP: is not zero-cleared and transmit does not start.

12.8.2 Data receive

Set UART1CR1<RXE> to #1”. When data are received via the RXDI pin, the receive data are transferred to
RDBUF1 (Receive data buffer). At this time, the data transmitted includes 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
RDBUF1 (Receive data buffer). Then the receive buffer full flag UARTISR<RBFL> is set and an INTRXD1
interrupt is generated, Select the data transfer baud rate using bits 0 to 2 in UART1CR1.

If an overrun error (OERR) occurs when data are received, the data are not transferred to RDBUF1 (Receive
data buffer) but discarded; data in the RDBUF]1 are not affected.

Note:When a receive operation is disabled by setting UART1CR1<RXE> bit to “0", the setling becomes valid when

data receive is completed. However, if a framing error occurs in data receive, the receive-disabling setting
may not become valid. If a framing error occurs, be sure to perform a re-receive operation.

12.9 Status Flag/interrupt Signal

12.9.1 Parity error

‘When parity determined using the receive data bits differs from the received parity bit, the parity error flag
UART1SR<PERR> is set to “1”. The UART1SR<PERR> is cleared to “0” when the RDBUF1 is read after
reading the UART1SR,
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RXD1 pin X  Pary Y step

h'd k4
Shift register YOO X pooxo* X 1procod

UART1SR<PERR> L Reading UART1SR then
RDBUF1 clears PERR.

INTRXD1 n

Figure 12-3 Generation of Parity Error

12.9.2 Framing error

When “0” is sampled as the stop bit in the receive data, framing error flag UART1SR<FERR> is set to “1”.
The UART1SR<FERR:> is cleared to “0” when the RDBUF1 is read after reading the UART1SR.

...........................

RXD1 pin X Finalbit X Stop
! v
Shift register XX O X pesrii X Taxxxd
UART1SR<FERR> i/ Reading UART1SR then
: RDBUF1clears FERR.
INTRXD1 n

Figure 12-4 Generation of Framing Error

12.9.3 Overrun error

When all bits in the next data are received while unread data are still in RDBUF!, overrun error flag
UARTI1SR<QOERR> is set to “1”, In this case, the receive data is discarded; data in RDBUF1 are not affected.
The UART1SR<OERR> is cleared to “0” when the RDBUF1 is read after reading the UARTISR.

UART1SR<RBFL>
RXD1 pin X Final bit y Stop
h 4 y
Shift register o' et X 0 X 1xxxx0
Y
RDBUFA YyYY
UART13R<0ERR> f Reading UART1SR then
: RDBUF 1clears OERR.
INTRXD1 n

Figure 12-5 Generation of Overrun Error
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12.9.4 Receive data buffer full

Loading the received data in RDBUF1 sets receive data buffer full flag UART1SR<RBFL>. The
UART1SR<RBFL> is cleared to “0” when the RDBUF1 is read after reading the UART1SR.

RXD1 pin X Final bit Y stop
W ¥
Shift register X0 X peiiy X 1xxuxd
P ¥
RDBUF1 vYyY X oo
UART1SR<RBFL> 74 Reading UART1SR then
? REBUF1clears RBFL.
INTRXD1 H

Figure 12-6 Generation of Receive Buffer Full

12.9.5 Transmit data buffer empty

TDBUF#

When no data is in the transmit buffer TDBUF1, UART1SR<TBEP:> is set to “17, that is, when data in
TDBUFI1 are transferred to the transmit shift register and data transmit starts, transmit data buffer empty flag
UARTISR<TBEP> is set to “1”. The UART1SR<TBEP> is cleared to “0” whern the TDBUF1 is written after
reading the UART1SR,

l Data write ,L Data write
XXXX X YYYY -n- x 2ZZZ2

L 4 A
Shift register el X fxxxx[JE X FIRRRK )C .- x i X rERh X TyyyyD x
TXD1 pin \ v OStart BifD - --- }( Final bit ‘Y Stop \ Start A
UART1SR<TBEP> ___/—\ /—\_

Aftér reading UART1SR writing

INTTXDH1 n — ﬂ TDBUF1 clears TBEP.

Figure 12-7 Generation of Transmit Buffer Empty

12.9.6 Transmit end flag

When data are transmiited and no data is in TDBUF1 (UART1SR<TBEP> = “17), transmit end flag
UART1SR<TEND> is set to “1”. The UART1SR<TEND> is cleared to “0” when the data transmit is stated
after writing the TDBUF1.
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Transmit clock ﬂ r! ﬂ ﬂ n n n

Shift register . X T !X ***** 1 ‘X 1W5’Y{3 :X “WYV
TXD1 pin X )’ Stop ‘\ Start ,{ Bit0
H Data writing to TDBUF1 J, !
1 |
UART1SR<TBEP> ! \ /
'
INTTADn i/—

N Rt

Figure 12-8 Generation of Transmit Buffer Empty
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12.9 Status Flag/interrupt Sigﬂﬂl TMP86FS49FG
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13. UART 2 (Asynchronous serial interface 2)

13.1 Configuration

UART2 centrol register 2 Transmit data buffer 2 Receive data buffer 2
| UARTZCR1 l i TDBUF2 | RDBUF2
1
* —J
A3 A2 Shift register
75 » ._,_____:_.:;l 9 |
. Parity bit I
. Stop bit
Transmit Shift register Receive
INTTXD2 « control control
clreuit circuit
———-I Noise rejection circuit I'—El RXD2
r 3
r-y A y-y
INTRXD2 4 {JTxD2
Y
Transmititeceive clock M A< ot
P B ferz’
i : X gl fer2®
o3 A ; S
{28 >HB : 2 4 ¥,
foib2 >+ M : ¥ ¥
fc/104  >=D pY—>| Counter I 5 UART2CR2
fer208 > E & : UART2SR ! l G I
foid1s  >F ; UARTZ status register
INTTCS *rf; ;
R - Baud rate generator |

MPX: Mufiiplexer

Figure 13-1 UART2

Page 145



13. UART 2 (Asynchronous serial interface 2)
13.1 Configuration TMP86FS49FG
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13.2 Control

UART is controlled by the UART control registers (UART2CR1, UART2CR2). The operating status can be mon-
itored using the UART status register (UART2SR).

UART2Z Control Registers

UART2CR1 7 6 5 4 3 2 1 0
{OF98H) | TXE | RXE | STBT | EVEN | PE | BRG (Initial value: 0000 0ODO)
0: Disable
fe ti

. TXE Transfer operation 1 Enable
. X 0: Disable
RXE Receive operation 1+ Enable

] ] 0: 1 bit

STRT Transmit stop bit length 1- 2 bits

: Odd-numbered parity
: Even-numbered parity

e

EVEN Even-numbered parity

- - Wite
. No parity only

: Parity

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

010: fe/52

011: fo104

100; /208

101: fcl416

110: TCS (INTTCS)
111: fo/96

PE Parity addition

= Q

BRG Transmit clock select

Note 1: When operations are disabled by setting TXE and RXE bit to “0”, the setting becomes valid when data transmit or receive
complete. When the fransmit 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 fransmit cfock and the parity are commeon to transmit and receive.
Note 3: UART2CR1<RXE> and UART2CR1<TXE> should be set to “0” before UART2CR1<BRG> is changed.

UART2CR2 7 [+ 5 4 3 2 1 0
(OFooH) RXDNC STOPBER | (initial value; =** *000)

00: No noise rejection {Hysteresis input)
Selection of RXD input noise 01: Rejects pulses shorter than 31/fc [s] as noise

RXDNC
rejection time 10: Rejects pulses shorter than 63/fc 8] as noise Virite
11: Rejects pulses shorter than 127/¢ [s] as noise only
0: 1 bit

STOPBR Receive stop bit length 1: 2 bits

Note: When UART2CR2<RXDNGC> = “017, pulses longer than 96/fc [s] are always regarded as signals; when
UART2CR2<RXDNC=> = "10", longer than 192/fc [s]; and when UART2CR2<RXDNC> = “11", longer than 384/fc [s].
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UART2 Status Register and Data Buffer Registers

UART2SR 7 6 5 4 3 2 1 0
(OF98H) | PERR ’ FERR | OERR | RBFL TEND | TBEP | ! (initial value: 0000 11*%)
. 0: No parity error -
PERR P
arty erfor flag 1; Parity error
FERR | Framing efror flag 0: No framing error
1: Framing error
OERR Qverrun enor flag 0: No overrun enor
1: Qverrun error Read
. 0: Receive data buffer empty anly
RBFL Receive data buffer full flag 1: Receive data buffer full
. 0: Transmitting
TEND Transmit end flag 1+ Teansmit end
. 0: Transmit data buffer full
TBEP Transmit data buffer emply flag 1: Transmit data buffer empty

Note: When an INTTXD is generated TBERP is set to "1” automatically.

UARTZ2 Receive Data Buffer

RDBUF2 7 ] 5 4 3 2 1 0
(OF9AH) | {Initial value; 0000 0000) Read only

UARTZ Transmit Data Buffer

TDBUF2 7 6 5 4 3 2 1 0
(OFSAH) | (Initiat value: 0000 0000) Write only
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13.1 Configuration TMPB6FS49FG
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13.3 Transfer Data Format

In UARTZ, an one-bit start bit (Low level), stop bit (Bit length selectable at high level, by UART2CRI<STBT>),
and parity (Select parity in UART2CR1<PE>; even- or odd-numbered parity by UART2CR 1<EVEN>) are added to
the transfer data. The transfer data formats are shown as follows.

Table 13-1 Transfer Data Format

PE | STBT Frame Length
1 b 2 | 3 F---1 8 1 o | 1 | 11 | 12

o f o "\ sat {mito ¥ Bt X----X Bts X Bir Y stopt

1t N\ s w0 Y Bt X--- X B X Bir Y stopt Stopz
Y0 T \Ustet { st Y Bt X----Y sis X Bz X periy Y Stopt
VLt T\ st [ B0 X Bt X----f Bte ¥ sz Y Party Y Siopt  Stop2

Note: In order to switch the transmit data format, perform transmit cperations in the following sequence except for the ini-
fial setting.

Without parity/4 STOP bit

X

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

With parity/2 STQP bit
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13.4 Transfer Rate

The baud rate of UART?2 is set of UART2CR1<BRG>. The example of the baud rate are shown as follows.

Table 13-2 Transfer Rate

Source Clock

BRG

16 MHz 8 MHz 4 MHz
000 76800 [baud] 38400 [baud] 19200 [baud]
0ot 38400 19200 9600
010 19200 9600 4800
o1 8600 4800 2400
100 4800 2400 1200
101 2400 1200 600

When TCS is used as the UART2 transfer rate (when UART2CR1<BRG> = “110™), the transfer clock and transfer
rate are determined as follows:

TC5 source clock
TTREGS set value

Transfer clock =

Transrer clock
Transfer rate =

16

13.5 Data Sampling

The UART receiver keeps sampling input using the clock selected by UART2CR1<BRG> until a start bit is
detected im RXD?2 pin input. RT clock starts detecting “L” level of the RXD2 pin. Onice a start bit is detected, the
start bit, data bits, stop bit(s), and parity bit are sampled at three times of RT7, RTS8, and RT9 during one receiver
clock interval (RT clock). (RTO is the position where the bit supposedly starts.) Bit is determined according to
majority rule (The data are the same twice or more out of three samplings).

RXD2 pin \ Start bit A Bio
RTO 1 2 34 56 7 8 91011121314150 1 2 3 4 5 6 7 8 9 1011
RT clock
l l l | 1 |
internal receive data \ Start bit A Bio Y ¥y

a} Without noise rejection circuit

RXDzpin |\ Start bit A B0 X_

RTO1 2 3 4 56 7 8 8101112131415 0 1 2 3 4 5 6 7 & 9 10N

RT clock

1
internal receive data \ Start bit A Bito Y vy

b} Whth neoise rejection circult

Figure 13-2 Data Sampling
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13.6 STOP Bit Length

Select a transmit stop bit length (1 bit or 2 bits) by UART2CR1<STBT>.

13.7 Parity .

Set parity/no parity by UART2CR1<PE>; set parity type (Odd- or even-numbered) by UART2CRI<EVEN=>,

13.8 Transmit/Receive

13.8.1 Dafa transmit

Set UART2CRI<TXE> to “1”. Read UART2SR to check UART2SR<TBEP> = “1”, then write data in
TDBUF2 (Transmit data buffer). Writing data in TDBUF2 zero-clears UART2SR<TBEP>, transfers the data
to the transmit shift register and the data are sequentially output from the TXDD2 pin, The data output include a
one-bit start bit, stop bits whose number is specified in UART2CR1<STBT> and a parity bit if parity addition
is specified. Select the data transfer baud rate using bits 0 to 2 in UART2CR1. When data transmit starts,
transmit buffer empty flag UART2SR<TBEP> is set to “1” and an INTTXD2 interrupt is generafed.

While UART2CRI<TXE> = “0” and from when “1” is written to UART2CR1<TXE> to when send data are
written to TDBUF2, the TXD?2 pin is fixed at high level. When transmitting data, first read UART2SR, then
write data in TDBUF2. Otherwise, UART2SR<TBEP> is not zero-cleared and transmit does not start.

13.8.2 Data receive

Set UART2CR1<RXE> to “1”, When data are received via the RXD2 pin, the receive data are transferred to
RDBUF2 (Receive data buffer), At this time, the data transmitted includes 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
RDBUF2 (Receive data buffer). Then the receive buffer full flag UART2SR<RBFL> is set and an INTRXD2
interrupt is generated. Select the data transfer baud rate using bits 0 to 2 in UART2CRI.

If an overrun error (OERR) occurs when data are received, the data are niot transferred to RDBUF2 (Receive
data buffer) but discarded; data in the RDBUF2 are not affected.

Note:When a receive operation is disabled by setting UART2CR1<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 setiing
may not become valid. If a framing error occurs, be sure to perform a re-receive operation.

13.9 Status Flag/Interrupt Signal

13.9.1 Parity error

When parity determined using the receive data bits differs from the received parity bit, the parity error flag
UART2SR<PERR> is set to #1”. The UART2SR<PERR> is cleared to “0” when the RDBUF2 is read after
reading the UART2SR.
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RXDz pin X Parity y Stop

r ki
Shift register X0 X oo xx X Tpxxxx0

UART25R<PERR> / Reading UART2SR then
H RDBUF2 clears PERR.

INTRXD2 n

Figure 13-3 Generation of Parity Error

13.9.2 Framing error

When “0” is sampled as the stop bit in the receive data, framing error flag UART2SR<FERR> is set {o *“1”,
The UART2SR<FERR=> is cleared to “0°* when the RDBUF2 is read after reading the UART2SR.

RXD2 pin X —— )\ Stop ...................
w |
Shift register 0O X oo X 1x%%x0
UART2SR<FERR> / Reading UART2SR then
: RDBUFzclears FERR.
INTRXD2 ﬂ

Figure 13-4 Generation of Framing Error

13.9.3 OQverrun error

When all bits in the next data are received while unread data are still in RDBUF2, overrun error flag
UART2SR<OERR> is set to “1”. In this case, the receive data is discarded; data in RDBUF2 are not affected.
The UART2SR<QERR> is cleared to “0” when the RDBUTF?2 is read after reading the UART2SR.

UART2SR<RBFL>
RXDz pin X Final bit Y stop
b4 k-4
Shift register X X K O X 1xxxx0
Ly
UART2SR<OERR> ) Reading UART2SR then
: RDBUF2clears OERR.
INTRXD2 ﬂ

Figure 13-5 Generation of Overrun Error
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13.9.4 Receive data buffer full

Loading the received data in RDBUF2 sets receive data buffer full flag UART2SR<RBFL>. The
UART28R<RBFL> is cleared to “0” when the RDBUF2 is read after reading the UART25R.

RXD2 pin X Final bit Y stop
oy A4
Shift register X0 X *xxx0* X 1xxxx0
Py
RDBUF2 YYYY X xxxx
UART25R<RBFL> / Reading UART2SR then
? RDBUF2clears RBFL.
INTRXDz2 n

Figure 13-6 Generation of Receive Buffer Full

13.9.5 Transmit data buffer empty

When no data is in the transmit buffer TDBUF2, UART2SR<TBEP> is set to “17, that is, when data In
TDBUF2 are fransferred to the transmit shift register and data transmit starts, transmit data buffer empty flag
UART2SR<TBEP> is set to “1”. The UART2SR<TBEP> is cleared to “0” when the TDBUF2 is written after
reading the UART2SR.

i Data write l Data write
XXXX X YYYY - ¥ zzzz

Shift register e X“ 1xxxx0§ X FIXXNX )C“*D( X X el X ‘;yyyyO:)C
VI

TXD2 pin Ny stan 04 B -~ X Finalbt ¥ stop N St :f
UART2SR<TBEP> _/—\ Y

: After reading UART2SR writing
INTTXD2 N . [] TDBUF2 dlears TBEP.

TDBUF2

Figure 13-7 Generation of Transmit Buffer Empty

13.9.6 Transmit end flag

When data are transmitted and no data is in TDBUF2 (JART2SR<TBEP> = “1”), transmit end flag
UART2SR<TEND> is set to “1”. The UART2SR<TEND> is cleared to “0” when the data transmit is stated
after writing the TDBUF2.,
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Transmit clock n r! ﬂ n ﬂ ﬂ n

Shift ?Egister L X Hhxk o o X ks X !Wyyo X *1yyyy
: : : :

TXDz pin X Y stp N sten_i{_ Bio
H Data writing to TDBUFZ; ;
H i

UART2SR<TBEP> ! .
E)
:

INTTXD2 V

Figure 13-8 Generation of Transmit Buffer Empty
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14. HS1O1 (High-Speed Synchronous Serial Interface)

The serial interfaces connect to an external device via 811, SO1, and SCKI pins.

When these pins are used as serial interface, the output latches for each port.

14.1 Configuration

Internal data bus S

@ U |

I SIOICR SIO1CR

SI01TDB
T T T Y T T T
-—‘—':I 1 1 1 1 I 1 1 l

‘J\ L Shift register on transmiiter

r y Shift clock o [ e

Control circuit I g (;z;';)!—[jsm pin
Fay ' MIBILSE . {Serial data output)

- EH T 1 13 3 T Port I .
Seiemion ;l i i 1 ] 3 13 1 ]‘_' {NOIE) SI1 pln

ial dats input
Shift register on receiver (Serial data inpub
SIQ1RDB
¥ L]

ToBUS

x‘l:j(_.hmoz _— .
{hote) SCK1 pin
INTSIO Internal clack T

{Seriat data output)
inferrupt  input

Note: Set the register of port correctly for the port assigned as serial interface pins.
For details, see the description of the input/output port control register.

Figure 14-1 Serial Interfaces
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14.2 Control

The SI1O is controlled using the serial interface control register (SIO1CR). The operating status of the serial inter-
face can be inspected by reading the status register (SIO1CR).

Serial Interface Control Register

SIO1CR 7 6 5 4 3 2 1 0
{0020H)
BI0S SIOINH SIoM SICDIR SCK (Initial value: 0000 0000)
. 0: Stop
SIoS tart/
Specify start/stop of transfer 1: Start
0: -

SIOINH Forcitly stops transfer (Note 1) 1: Forcibly stop (Automatically cleared to *0" after stopping}

00: Transmit mode

01: Receive mode

10: Transmit/receive mode
11: Reserved

S10M Selects transfer mode

0: MSB (Transfer beginning with bit7)

DI irecti
SI0DIR Selects direction of fransfer 1: LSB (Transfer beginning with bito)

NORMAL1/2 or IDLE1/2 modes
SLOW/SLEEP
TBTCR TBTCR mode RAW
<DV7CK>="Q" <DV7CK>="1"
000 fci212 fs/24 falzt
oot fof2® fol2? Reserved
7 7
SCK Selects serial clock 010 fe/2 fol2 Reserved

011 fo/2® fcr2® Reserved
100 fof2® 28 Reserved
101 for2? forat Reserved
110 for2? foia® Reserved
111 External clock {Input from SCK1 pin}

Naote 1: When SIOTCR<SIOINH> is set to “1", SIO1CR<S103>, SIC18R register, SIO1RDB register and SIO1TDB register are
initialized.

Note 2: Transfer mode, direction of transfer and serial clock must be select during the transfer is stopping {when SIO15R<SIOF>
gy,

Note 3: fc: High-frequency clack [Hz], fs: Low-frequency clock [Hz], *: Don't care
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Serial Interface Status Register

SIO15R 7 & 5 4 3 2 1 1]
(0021H)
SIOF SEF TXF RXF TXERR | RXERR (Initial value: 0010 00™)
SIOF Serial transfer operation status | 0: Transfer finished B
monitor 1: Transfer in progress
SEF Number of clocks monitor 0: B clacks
1: 1 to 7 clocks Read
. ©: Data exists in transmit buffer only
TXF | Transmit buffer empty flag 1: No data exists in transmit buffer
0: No data exists in receive buffer
RXF i
Receive buffer full flag 1: Data exists in receive buffer
Read
0: = (No error exist)
TXERR Transfer operation error flag 1 Transmit buffer under run occurs in an external clock mode
Write
0: Clear the flag
1: — (A write of "1" to this kit is ignored)
RW
Read
D: — (No error exist)
RXERR Recelve operation errar flag 1: Ifkecelve buffer over run oceurs in an external clock mode
Wiite
0: Clear the flag
1: ~ (A write of "1 to this bit is ignored)

Note 1: The operation error flag (TXERR and RXERR) are not automatically cleared by stopping transfer with SIO1CR<SI0S>
"0". Therefore, set these bits to "0" for clearing these error flag. Cr set SIO1CR<SIOINH> to "1".

Note 2: *; Don't care

Receive buffer register

SIO1RDB 7

6 5 4

3 2 1 0 Read anly

(0022H)

(Initial value: 0000 0000)

Transmit buffer register

Sl01TDB 7

6 5 4

3 2 1 ] Write only

(0022H}

{Initial value:; **** *=**)

Note 1: SIO1TDB is write only register. A bit manipulation should not be performed on the transmit buffer register using a read-
modify-write instruction.
Note 2: The SIO1TDB should be written after checking SIO1SR<TXF> "1", When SIQ1SR<TXF> is "0", the writing data can't be
transferred to SIO1TDB even if write instruction is executed to SIO1TDB

Note 3. *: Don't care

14.2.1 Serial clock

14.2.1.1 Clock source

The serial clock can be selected by using SIO1CR<SCK>, When the serial clock is changed, the writing
instruction to SIOICR<SCK> should be executed while the transfer is stopped (when SIO1SR<SIOF>

&6 0‘)‘})

{1} Internal ciock

Setting the SIO1CR<SCK> to other than “111” outputs the clock (Shown in Table 2.8.2) as serial
clock outputs from SCK1 pin. At the before beginning or finishing of a transfer, SCK1 pin is kept in

high

level.
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When writing (in the transmit mode) or reading (in the receive mode) data can not follow the serial
clock rate, an automatic-wait funiction is executed to stop the serial clock automatically and hold the
next shift operation until reading or writing is completed. The maximum time from releasing the
automatic-wait function by reading or writing a data is 1 cycle of the selected serial clock until the

serial clock comes out from SCK1 pin.

SIO1CR<SIOS> I Automatically wait

——
SCKT pin cutput l!lll”ll!lil*ll / H‘”I”ll”l”'
$O1 pin \arXasXasKadxasXasXA1X A0 | Xe7XeeXssXp4XBaxXEaXB r{Ee
SI01TDB XA \ X B

Automatic wait is released by writing SIO1TDB

Figure 14-2 Automatic-wait Function (Example of transmit mode)

Table 14-1 Serial Clock Rate (fc = 16 MHz, fs = 32.768kHz)

NORMAL1/2, IDLE1/2 Mode SLOW1/2, SLEEP1/2 Mode
TBTCR<DVFCK= = "0" TBTCR<DV7CK> ="1"

Serial Clock Baud Rate
SCK Serial Clock Baud Rate Serial Clock Baud Rate
000 fer212 3.906 kbps fsiz? 2048 bps fai2t 2048 bps
001 for28 62,5 kbps for2® 62.5 kbps Reserved -
010 fol2? 125 kbps fola” 125 kbps Reserved -
011 o8 250 kbps fcf28 250 kbps Reserved -
100 foi2s 500 kbps fe/2® 500 kbps Reserved -
101 for2t 1.00 Mbps foizt 1.00 Mbps Reserved -
110 for2? 2.00 Mbps for2® 2.00 Mbps Reserved

(2) External clock

When an external clock is selected by seiting SIOICR<SCK> to “1117, the clock via the SCK1 pin

from an external source is used as the serial clock.

To ensure shift operation, the serial clock pulse width must be 4/fc or more for both “H” and “L”

levels.

STKT pin \ 7 /S

< o ke »
M K€

15CKL SCKH

tSCKL, ISCKL = 4ifc

Figure 14-3 External Clock
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14.2.1.2 Shift edge

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

(1} Leading edge shift =

Data is shifted on the leading edge of the serial clock (falling edge of the SCK1 pin input/output).

{2) Trailing edge shift

Data is shifted on the trailing edge of the serial clock (rising edge of the SCK1 pin input/output).

SIO1CR=SIOS> !
Scx i SN e T T T e 2 e 2 N e A

Shift register 01234567} 10123456 X 012345 ¥ *~01238 X 0123 X w1z X rewwpy X s X xmaes
)} Shift out

501 pin N Bz X 8w Y Bs X mw X B X s X Bx ¥ B0

(a) Leading edge shift (Example of MSB transfer}

SIO1CR<5I05> |
5K pin L+ L+ L+ L+ L+ L L3 L2
51 pin X lsiw X Bis X Bits X 8t X sz X sz X Bt X 8o

Shift register et e L i e e e G

(b} Trailing edge shift (Example of MSB trangfer)

Figure 14-4 Shift Edge

14.2.2 Transfer bit direction
Transfer data direction can be selected by using SIO1CR<SIODIR>. The transfer data direction can't be set
individually for transmit and receive operations.

When the data direction is changed, the writing instruction to SIOICR<SIODIR> should be executed while
the transfer is stopped (when SIO1CR<SIOF> “0™)
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SIOCR<SI0S> f
SORT pin %\I%E#E#l?lr%i*i%l
SI01TDB :)( A ) .

501 pin N a7 X s X a5 X A X a3z X a2z X At X a0

{a) MSB transfer

SIO1CR<8I0S> l

SCKT pin +\|+|§f§|}|§|+|+i
sioos XA

& Shitt out
501 pin N oA X oA X oAz X oA X a4 X a5 X a8 X A7

(b) LSB fransfer

Figure 14-5 Transfer Bit Direction (Example of transmit mode)

14.2.2.1 Transmit mode

(1) MSB transmit mode

MBSB transmit mode is selected by setting SIOICR<SIODIR> to “0”, in which case the data is
transferred sequentially beginning with the most significant bit (Bit7).

(2) LSB transmit mode
LSB transmit mode is selected by setting SIO1CR<SIODIR> to “1”, in which case the data is
transferred sequentially beginning with the least significant bit (Bit0).

14.2.2.2 Receive mode

(1) MSB receive mode
MSB receive mode is selected by setting SIO1CR<SIODIR> to “0”, in which case the data is
received sequentially beginning with the most significant bit (Bit7).
(2) LSB receive mode

LSB receive mode is sclected by setting SIO1CR<SIODIR> to “1”, in which case the data is
received sequentially beginning with the least significant bit (Bit0).
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14.2.2.3 Transmit/receive mode

(1) MSB transmit/receive mode

MSB transmit/receive mode are selected by setting SIO1IGR<SIODIR> to “0” in which case the
data is transferred sequentially beginning with the most significant bit (Bit7) and the data is received
sequentially beginning with the most significant (Bit7).

(2) LSB transmit/receive mode

LSB transmit/receive mode are selected by setting SIOTCR<SIODIR> to “1%, in which case the
data is transferred sequentially beginning with the least significant bit (Bit() and the data is received
sequentially begimming with the least significant (Bit0).

14.2.3 Transfer modes

Transmit, receive and transmit/receive mode are selected by using SIO1CR<SIOM>,

14.2.3.1 Transmit mode

Transmit mode is selected by writing “00” to SIO1CR<SIOM>,

(1) Starting the transmit operation

Transmit mode is selected by setting “00” to SIO1CR<SIOM>. Serial clock is selected by using
SIO1CR<SCK>. Transfer direction is selected by using SIO1CR<SIODIR>.

When a transmit data is written to the transmit buffer register (SIO1TDB), SIOISR<TXF> is
cleared to “0”.

After SIOICR<SIOS> is set to “17, SIO1SR<SIOF=> is set synchronously to “17 the falling edge of
SCKI1 pin.

The data is transferred sequentially starting from SO1 pin with the direction of the bit specified by
SIO1CR<SIODIR>, synchronizing with the SCK1 pin's falling edge.

SIOISR<SEF> is kept in high level, between the first clock falling edge of SCK1 pin and eighth
clock falling edge.

SIO1SR<TXF> is set to *“1” at the rising edge of pin after the data written to the SIO1TDB is
transferred to shift register, then the INTSIOI interrupt request is generated, synchronizing with the
next falling edge on SCK1 pin.

Note 1: In internal clock operation, when SI0O1CR<SIOS> is set to "1", transfer mode does not start
without writing a transmit data to the fransmit buffer register (SIO1TDB).

Note 2: In internal clock operation, when the SIC1CR<SIOS> is set to "1°, SIO1TDB is fransferred to
shift register after maximum 1-cycie of serial clock frequency, then a serial clock is output from
-8CK1 pin,

Note 3: In external clock operation, when the falling edge is input from SCK1 pin after SIO1CR<SIOS> is
set 1o "1, SIO1TOB is transferred to shift register immediately.

{2) During the transmit operation

Wherr data is written to SIQ1TDRB, SIQ1SR<TXF> is cleared to “0™.

Im internal clock operation, in case a next transmit data is not written to SIO1TDB, the serial clock
stops to “H” level by an automatic-wait function when all of the bit set in the SIO1TDB has been
transmitted. Automatic-wait function is released by writing a transmit data to SIO1TDB. Then, trans-
mit operation is restarted after maximum 1-cycle of serial clock.
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When the next data is written to the SIOITDB before termination of previous 8-bit data with
SIOISR<TXF> “I”, the next data is continuously transferred after transmission of previous data.

I external clock operation, after SIO1SR<TXF> is set to “17, the transmit data must be written to
SIOITDB before the shift operation of the next data begins.

If the transmit data is not writlen to SIO1TDB, transmit errer occurs immediately after shift opera-
tion is started. Then, INTSIO] interrupt request is generated after SIO1SR<TXERR> is set fo “17.

(3) Stopping the transmit operation

There are two ways for stopping transmits operation.

+ The way of clearing SIO1CR<SIOS>,
When SIO1CR<SIOS> is cleared to “0”, transmit operation is stopped after all transfer of the
data is finished. When transmit operation is finished, SIO1SR<SIOF> is cleared to “0” and
801 pin is kept in high level.
In external clock operation, SIO1CR<SIOS> must be cleared to “0” before SIO1SR<SEF> is
set to “1” by begimming next transfer.

« The way of setting SIO1CR<SIOINH>.
Transmit operation is stopped immediately after SIO1CR<SIOINH:> is set to “1”. In this
case, SIO1CR<SIOS>, SIO1SR register, SIOIRDB register and SIO1TDB register are ini-
tialized.

Clearing SIOS

-

Start shift
operation

H
¥
SIO1CR<SIOS> 1 :
:
: ¥
;
H

SIO1SR<SIOF> Start shift Start shift
aperation f_ operation

SIO18R<SEF>

SCK1 pin outout

801 pin

SIOTSR<TAF>

INFSIO1
interrupt

_
[

s VSR A
t } t

Wiiting transmit  Wiiting transmit Writing transmit
dafa A data B data C

Figure 14-6 Example of Internal Clock and MSB Transmit Mode
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, Witing fransmit data |

i i

SIC1CR<SIOS> i :
;

SIC1SR<SIOF=> ] =
_______] Start shift +  Start shift Start shift

; W operation

;

1

1

operation operation
SIO1SR<SEF> | U

SIO1SR<TXF> | ' i
SIO1TDB <snos>5( 2 \X B \X c
0

Whiting transemit  Wiiting transmit Wiriting transmit
data A data B data C

Clearing SIOS

|
S

A
s o

¥
]
H
£
H
L
H
H
H

Figure 14-7 Exaple of External Clock and MSB Transmit Mode

SCK1 pin I I

SIO1SR<SICF=> I

S0O1 pin X _ /

L 'SODH

4fic = 1sOpDH = 8Mc

{4) Transmit error processing

Transmit errors occur on the following situation.

* Shift operation starts before writing next transmit data to SIO1TDB in external clock opera-
tion.
If transmit errors occur during transmit operation, SIO1SR<TXERR> is set to “1” immedi-
ately after stariing shift operation. Synchronizing with the next serial clock falling edge,
INTSIOI1 interrupt request is generated.
If shift operation starts before writing data to SIOITDB after SIO1CR<SI0S> is set to “17,
SIO1SR<TXERR> is set to “1” immediately after shift operation is staried and then
INTSIOI1 interrupt request is generated.
SI101 pin is kept in high level when SIO1SR<TXERR> is set to “1”. When transmit error
occurs, transmit operation must be forcibly stop by writing SIO1CR<SIOINH>> to “1”. In
this case, SIOICR<SIOS>, SIO1SR register, SIOIRDB register and SIO1TDB register are
initialized.
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SIO1CR<$I0S> } !

SIO1SR<SIOF> Start shift Start shit Start shift ;\
cperation ¥ operation ¥ operation \ \

SIC1SR<SEF>

ECKT pin

801 pin

SIO18R<TXF>

] | )
SIO1SR<TXERR> / /

ATAAG L AR AL ABAAZKATKAGART ABORBEAD4 ARSI AT2 X 314 B0,

Vud

INTSION
interrupt

e

fl ¢ )

:IZ)LTTSDB 5( A \X B ////Uﬂknown
? t

SIOICR

s> et

Writing fransmit  Whriting transmit

A data B n

14.2.3.2 Receive mode

The receive mode is selected by writing “01” to SIO1CR<SIOM>.

(1)

()

Starting the receive operation

Receive mode is selected by setting “017 to SIO1CR<SIOM>. Serial clock is selected by using
SIO1CR<SCK>, Transfer direction is selected by using SIO1CR<SIODIR>.

After SIOICR<SIOS> is set to “17, SIO18R<SIOF> is set synchronously to “1 the falling edge of
SCK1 pin.

Synchronizing with the SCK1 pin's rising edge, the data is received sequentially from SI1 pin with
the direction of the bit specified by SBI1DIR<SIODIR>.

SIO1SR<SEF> is kept in high level, between the first clock falling edge of SCK1 pin and eighth
clock falling edge.

When 8-bit data is received, the data is transferred to SIOIRDB from shift register. INTSIO1 inter-
rupt request is generated and SIO1SR<RXF> is set to “1”

Note: Ininternal clock operation, when the SIO1CR<SIOS> is set to "1", the serial clock is generated
from SCK1 pin after maximum 1-cycle of serial ciock frequency.

During the receive operation

The SIOISR<RXF> is cleared to “0” by reading a data from SIOIRDB.

In the internal clock operation, the serial clock stops to “H” level by an automatic-wait function
when the all of the 8-bit data has been received. Automatic-wait function is released by reading a
received data from SIO1RDB. Then, receive operation is restarted after maximum 1-cycle of serial
clock.

In external clock operation, after SIO1SR<RXF> is set to “17, the received data must be read from
SIO1RDR, before the next data shift-in operation is finished.
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SIC1CR=<8I0S>

BIO18R<SIOF>

SIO1SR<SEF>

SCK1 pin

SI1 pin

SI01SR<RXF>

INTSION
interrupt
request

SIO1RDB

If received data is not read out from SIOIRDB receive error occurs immediately after shift opera-
tion is finished. Then INTSIO! interrupt request is generated after SIO1SR<RXERR> is set to “17,

(3) Stopping the receive operation

There are two ways for stopping the receive operatiomn.

* The way of clearing SIO1CR<SIOS>.

When SIO1CR<SIOS> is cleared to “0”, receive operation is stopped after all of the data is
finished to receive, When receive operation is finished, SIO1SR<SIOF> is cleared to “0”.
In external clock operation, SIO1CR<SIOS> must be cleared to “0” before SIO1SR<SEF> is

set to “1” by starting the next shift operation.
* The way of setting SIO1CR<SIOINH>.

Receive operation is stopped immediately after SIO1CR<SIOINH> is set to “1”. I this case,
SIO1CR<SIOS>, SIO1SR register, SIO1RDB register and SIO1TDB register are initialized.

Clearing SIOS

/|

Stari shift Start shift
operation f operafion
e o
Automatlc walt

Start shift
operation

L

e

e 0 e 0 VR £ 0 2,0 O o e £ £ 2.

[ ]

-

g

x“mm

>.<=

[
\
@

-« e,

A X B
Writing transmit Writlng transmit Wrkting transmit
data A data B data C

Figure 14-8 Example of internal Clock and MSB Receive Mode
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__ Reading received dafa ‘E Clearing SIOS
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\ﬂ

SIO1SR<SIOF> : B :
Start shift Start shift ! Stard shift L'_—_
B aperation ¥ oparation 1 o aperation :
SIO1SR<SEF> ; | :
A :
SCK1 pin

\
A

St pin ‘5@@@@@@"i‘@@@@@@@@@@@@@@@ &
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|

INTSIO1 r “ r H r
interrupt
reques b\ \ \
SIO1RDB X A X B X c
Writing fransmit Writing‘transmil Wﬁting%fansmit
data A data B data C

Figure 14-9 Example of External Clock and MSB Receive Mode

(4) Receive error processing

Receive errors occur on the following situation. To protect SIOIRDEB and the shift register con-
tents, the received data is ignored while the SIO1SR<RXERR> is “17.

= Shift operation is finished before reading out received data from SIOIRDB at
SIO1SR<RXF> is “1” in an external clock operation.
If reccive error occurs, set the SIO1CR<S8I0S> to “0” for reading the data that received
immediately before error occurence. And read the data from SIOIRDR, Data in shift register
(at errors occur) can be read by reading the SIO1RDB again.
When SIO1SR<RXERR> is cleared to “0” after reading the received data, SIO1SR<RXF> is
cleared to “0”.
After clearing SIO1CR<SIOS> to “0”, when 8-bit serial clock is input to SCK1 pin, receive
operation is stopped. To restart the receive operation, confirm that SIO1SR<SIOF> is
cleared to “0”.
If the receive error occurs, set the STO1CR<SIOINH> to “1” for stopping the receive opera-
tion immediately. In this case, SIOICR<SIOS>, SIO1SR register, SIO1RDB register and
SIO1TDB register are initialized.
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SIO1CR<SI0S8> l E
\"ﬂ

SIO1SR<SIOF> Start shift Start shift Start shif 1
aperation ¥ operation ¥ operation

SIO1SR<SEF> u I

Si1 pin @@@@@@@’é&‘@@@@@@&é@@@@@@@ oo

SIO1SR<RXF> l I

SI01SR<RXERR> J J ——ﬁ

INTSION H/ N \ite 2 "0" after reading the
y

il recuivid daty when a recedve
|ntErrUpt RUTOY DELANS,

request

SIOM1RDB X A X B

Writing transmit ~ Writing transmit
data A data B

Figure 14-10 Example of Receive Error Processing

Note: If receive errer is not corrected, an interrupt request does not generate after the error occurs.

14.2.3.3 Transmit/receive mode

The transmit/receive mode are selected by writing “10” to SIO1CR<SIOM>,

(1) Starting the transmit/receive operation

Transmit/receive mode is selected by writing “10” to SIO1CR<SIOM>, Serial clock is selected by
using SIO1CR<SCK>. Transfer direction is selected by using SIO1CR<SIODIR>.

When a transmit data is written to the transmit buffer register (SIO1TDB), SIO1SR<TXF> is
cleared to “0”.

After SIO1ICR<SIOS> is set to “1”, SIOISR<SIOF> is set synchronously to the falling edge of
SCK1 pin.

The data is transferred sequentially starting from SO1 pin with the direction of the bit specified by
SIO1CR<SIODIR>, synchronizing with the SCK1 pin's falling edge. And receiving operation also
starts with the direction of the bit specified by SIO1CR<SIODIR>, synchronizing with the SCK1
pin's rising edge.

SIO1SR<SEF> is kept im high level between the first clock falling edge of SCKI1 pin and eighth
clock falling edge.

SIO1SR<TXF> is setto “1” at the rising edge of SCKI pin after the data written to the SIO1TDR is
transferred to shift register. When 8-bit data has been received, the received data is transferred to
SIOIRDB from shift register, then the INTSIO]1 interrupt request occurs, synchronizing with setting
SIO1SR<RXF> to “17.

Note 1: Ininternal clock operation, when the SIO1CR<SIOS> is set to "1", SIO1TDB is transferred to
shift register after maximum 1-cycle of serial clock frequency, then a serial clock is output from
SCK1 pin.

Note 2: In external clock operation, when the falling edge is input from SCK7 pin after SIO1CR<SI0S> is
set to "1", SI01TDB is transferred to shift register immediately. When the rising edge is input
from SCK1 pin, receive operation also starts.
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(2) During the transmit/receive operation

When data is written to SIO1TDB, SIO1SR<TXF> is cleared to “0” and when a data is read from
SIO1IRDB, SIQISR<RXF> is cleared to “0™.

In internal clock operation, in case of the condition describf:d below, the serial clock stops to “H”
level by atr automatic-wait furictionr when all of the bit set in the data has been transmitted.

+ Next transmit data is niot written to SIO1TDB after reading a received data from SIO1RDB.
+ Received data is not read from SIOIRDB after writing a next transmit data to SIO1TDB,
+ Neither SIO1TDB nor SIOIRDB is accessed after transmission.

The automatic wait function is released by writing the next transmit data to SIO1TDB after reading
the received data from SIO1RDB, or reading the received data from SIO1RDB after writing the next
data to SIO1TDB.

Then, transmit/receive operation is restarted after maximum 1 cycle of serial clock.

In external clock operation, reading the received data from SIOTRDB and writing the next data to
SIOITDB must be finished before the shift operation of the next data begins.

If the transmit data is not written to SIOITDB after SIO1SR<TXF> is set to “1%, transmit error
occurs immediately after shifi operation is started. When the transmit error occurred,
SIO1SR<TXERR> is set to “1”.

If received data is not read out from SIOIRDB before next shift operation starts after setting
SIO1ISR<RXF> to “17, receive error occurs immediately after shift operation is finished. When the
receive error has occurred, SIO1SR<RXERR> is set to “17.

(3) Stopping the transmit/receive operation

There are two ways for stopping the transmit/receive operation.

* The way of clearing SIO1CR<SIOS>,
When SIO1CR<SIOS> is cleared to “0”, fransmit/receive operation is stopped after all trans-
fer of the data is finished. Wherr transmit/receive operation is finished, SIO1SR<SIOF= is
cleared to “0” and SO1 pin is kept in high level.
In external clock operation, SIO1CR<SIOS> must be cleared to “0” before SIO1SR<SEF>is
set to “1” by beginning next transfer.

+ The way of setting SIO1CR<SIOINH>.
Transmit/receive operation is stopped immediately after SIOICR<SIOINH> is set to *1”. In
this case, SIO1CR<SIOS>, SIO1SR register, SIO1RDB register and SIOI1TDB register are
initialized.
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. Clearing SIQS
SIOICR<SI0S> | '
H ‘::«-:I
SIO1SR<SIOF> Start shift Start shift + i Start shift
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SIO18R<SEF> |
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Writing transmit Writing trangmit Writing transrift
data A data B data C
SI0012SR<RXF> i ! [_L
V)
S10012RDB X 2) X E X £
Reading received Reading received Reading received
dafa D data E data F

Figure 14-11 Example of Internal Clock and MSB Transmit/Receive Mode
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SI01SR<SEF>

SCK1 pin output

SO1 pin
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INTSION
interrupt
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Figure 14-12 Example of External Clock and MSB Transmit/Receive Mode

(4)

Transmit/receive error processing

Transmit/receive errors occur on the following situation. Corrective action is different, which
errors occur transmits or receives.

{a) Trans

mit errors

Transmit errors occur on the following situation.

Shift operation starts before writing next transmit data to SIO1TDB in external clock op-
eration.

If transmit errors oceur during transmit operation, SIO1ISR<TXERR> is set to “1” im-
mediately after starting shift operation. And INTSIO]1 interrupt request is generated af-
ter all of the 8-bit data has been received.

If shift operation starts before writing data to SIO1TDB after SIO1CR<8108> is set to
“17, SIO1SR<TXERR>> is set immediately after starting shift operation, And INTSIO1
interrupt request is generated after all of the 8-bit data has been received.

SO1 pin is kept in high level when STO1SR<TXERR> is set to “1”. When transmit error
occurs, transmit operation must be forcibly stop by writing SIO1CR<SIOINH> to “1”
after the received data is read from SIO1RDB. In this case, SIO1CR<SIOS>, SIO1SR
register, SIO1RDB register and SIO1TDB register are initialized.
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SIO1CR<SIOS>

SIO1SR<SIOF> Start shif Start shit Start shif L
operation ¥ operation ¥ operation
SI01SR<SEF> |

SCK1 pin output

/|
_ [

SI1 pin

INTSION
interrupt
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SIO1SR<TXF> 1 | i

SI01SR<TXERR> r {

\

S101TDB X A X B X\
WIting transmii TWriting fransmit
. data A data B
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SIO1RDB X D X E X F\L

Reading recsived Reading received Reading received
data D dataE data F

T

\Ur&known

h~-_.__‘__d_/

SIQ1CR<SIOINH>

Figure 14-13 Example of Transmit/Receive (Transmit) Error Processing

(h) Receive errors

Receive errors occur on the following situation. To protect SIO1IRDB and the shift register
contents, the received data is ignored while the SIO1SR<RXERR> is “1”.

+ Shift operation is finished before reading out received data from SIOTRDB at
SIO18SR<RXF> is “1” in an external clock operation.
If receive error occurs, set the SIO1CR<SIOS> to “0” for reading the data that received
immediately before error occurence. And read the data from SIO1RDB. Data in shift
register (at errors occur) can be read by reading the SIOIRDB agair.
When SIO1SR<RXERR> is cleared to “0” after reading the received data,
SIO1SR<RXF> is cleared to “0”.
After clearing SIO1CR<SIOS> to “0”, when 8-bit serial clock is input to SCK1 pin, re-
ceive operation is stopped. To restart the receive operation, confirm that
SIO1SR<SIOF> is cleared to “0”.
If the received error occurs, set the SIO1CR<SIOINH:> to “1” for stopping the receive
operation immediately. In this case, SIO1CR<SIOS>, SIO1SR register, SIOLRDB reg-
ister and SIO1TDB register are initialized.
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SIOICR<SIOS> |
1
SOISRSIOF> | swtsha Start shift Start shift
B operation ¥ cperation ¥ cperation |4
SIO1SR<SEF>
A

501 pin W@@@@@@@@@@@@@@@@@@@‘f 3

EEEEREEEEEEERERRREPRENE
interrupt
request ﬂ "
SIO1SR<TXF> l | J__l J—‘ l I ' |
SIO1TDB X A X8 X ¢ X Unknown
Whiling transmit Wiiting transmit Writing transmit
data A datz B data C
SIO1SR<RXF> |
SIC1SR<RXERR> \
SIO1RDB XD XEW X ooH
Reading received  Reading received
data D data E

SIO1CR=SIOINH>

Figure 14-14 Example of Transmit/Receive (Receive) Error Processing

Mote: if receive error is not corrected, an interrupt request does not generate after the error
oceurs.

SCK1 pin [

SIO1SR<SIOF>

|

SO1 pin X |

I
' 'SODH !
1 I

4ffc < tennH < 8

Figure 14-15 Hold Time of the End of Transmit/Receive Mode
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15. HSI02 (High-Speed Synchronous Serial Interface)

The serial interfaces connect to am external device via SI2, SO2, and SCK2 pins.

When these pins are used as serial interface, the output latches for each port.

15.1 Configuration

Internal data bus S

T 3 |

E SI02CR ! SI02CR

$102TDB

1 H ¥ T

I 1 1 £ 3
. Shift clock { L Shift reg:ster on transmiiter

. . ¥ i ] 1 i 13 Port
Control circuit ] L [——»INO,E)!—DSOZ pin

A " MSBILSE (Seriat data outpuf)

i 13
selection o I@—I (;,’g;;)}——[]sm pin

Shift register on recaiver (Serial data input)
SI0ZRDB
H T

!

!J vy

1

ToBUS

A L3 o Pot ’
1 inate) SCKZ pin
INTSIO2 Internal clack

{Serial data output)
interrupt  input

Note: Set the register of port corractly for the port assigned as serial inferface pins.
For details, see the description of the inputfoutput post control register.

Figure 15-1 Serial Interfaces
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15.2 Control

The SIO is controlled using the serial interface control register (SIQ2CR). The operating status of the serial inter-
face can be inspected by reading the status register (SIO2CR).

Serial Interface Control Register

SI02CR T 6 5 4 3 2 1 o}
(0031H) l 5108 ' SIO]NHl SIOM | SIODIR| SCK (Initial value: 0000 00OC)
i 0: Stop
SI0S Specify startistop of transfer 1 Start

0:-

SIOINH Farcibly stops transfer (Note 1} 1: Forcibly stop (Automatically cleared to "0" after stopping)

00: Transmit mode

01: Receive mode

10: Transmit/receive mode
11: Reserved

0: MSB (Transfer beginning with bi7)
1: LSB (Transfer beginning with bit0}

SIOM Selects transfer mode

SICDIR Selects direction of fransfer

NORMAL1/2 or IDLE1/2 modes
SLOW/SLEEP
TBTCR TBTCR mode RAV
<DV7CK=>="Q" <DV7CK>="1"
000 ferz1? fafz* far2?
001 fer28 fc/28 Reserved
7 7
SCK Selects serial clock 010 fe/2 fei2 Reserved

o fo/2B fcl2® Reserved
100 for2® fore’ Reserved
101 foiet fere? Reserved
110 fei2d forad Reserved
11 External clock (Input from SCK1 pin)

Note 1: When SIO2CR<SIOINH> is set to *17, SI02CR<SI0S>, SIO2SR register, SIO2RDB register and SIO2TDR register are
initialized. :

Note 2: Transfer mode, direction of transfer and serial clock must be select during the transfer is stopping (when SIO2SR<SIOF:>
ngm.

Note 3: fe: High-frequency clock [Hz], fs: Low-frequency clock [Hz], *: Don't care
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Serial Interface Status Register

SIO28R 7 6 5 4 3 2 1 0
{0032H) [ SIOF | SEF | TXE | RXF | TXERR | RXERR | : | (Initial value: 0010 00™)
SIOF Serial transfer operation status | 0: Transfer finished -
monitor 1: Transfer in progress
SEF Number of clocks monitor 0:8 clocks
1: 110 7 clocks Read
) 0: Data exists in transmit buffer enly
X Transmit buffer empty flag 1: No data exists in transmit buffer
. 0: No data exisis in receive buffer
RXF Receive buffer full flag 1: Data exists in receive buifer

Read

0: = (No error exist}

1: Transmit buffer under run occurs in an external clock mode
Write

0: Clear the flag

12 — {A write of "1" {o this bit is ignored}

TXERR Transfer operation errer flag

RW
Read

0: - {No error exist)

1: Receive buffer over run ocecurs in an external clock mode
Write

0: Clear the flag

1: = (A write of "1" to this bit is ignored)

RXERR Receive cperation ermor flag

Note 1: The operation error flag (TXERR and RXERR) are nof automatically cleared by stopping transfer with SIO2CR<SI0S>
"0". Therefore, set these bits to "0" for clearing these error flag. Or set SIO2CR<SIQINH> to "1".

Note 2: *: Don't care

Receive buffer register

SIo2RDB 7 6 5 4 3 2 1 0 Readonly
(0028H) | 3 {Initial value: 0000 000D)

Transmit buffer register

SI02TDB 7 6 5 4 3 2 1 0 Wite only
(002BH) | I (Initial value: ******+)

Note 1: SIO2TDB is write only register. A bit rmanipulation should not be performed on the transmit buffer register using a read-
modify-write instruction.

Note 2: The SIO2TDB should be written after checking SIO2SR<TXF> "{1". When SIO2SR<TXF=> is "0", the writing data can't be
transferred to SIO2TDB even if write instruction is executed to SIO2TDB .

Note 3: *: Don't care

15.2.1 Serial clock

15.2.1.1 Clock source

The serial clock can be selected by using SIO2CR<SCK>. When the serial clock is changed, the writing
instruction to SIO2CR<SCK> should be executed while the transfer is stopped (when SIO2SR<SIOF>
“0”)

(1) Internal clock
Setting the SIO2CR<SCK> to other than “111” outputs the clock (Shown in Table 2.8.2) as serial

clock outputs from SCK2 pin. At the before beginning or finishing of a transfer, SCK2 pin is kept in
high level.
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When writing (in the transmit mode) or reading (in the receive mode) data can not follow the serial
clock rate, an automatic-wait functiot is executed to stop the serial clock automatically and hold the
next shift operation until reading or writing is completed. The maximum time from releasing the
automatic-wait function by reading or writing a data is 1 cycle of the selected serial clock until the

serial clock comes out from SCK2 pin.

SI02CR=51Q8> I Auntomatically wait

senaut LTI /"’ il
$02 pin \ATXREXASXACKATYAZXATY A0 i\ (B7XBEXEoXB4XBIKE2XR 1XE0
Sl02TDB

YR

X B

Figure 15-2 Automatic-wait Funiction (Example of transmit mode)

Table 15-1 Serial Clock Rate (fc = 16 MHz, fs = 32.768kHz)

Automatic wait is released by writing SI02TDB

NORMAL /2, IDLE1/2 Made SLOWA1/2, SLEEP1/2 Mode
TBTCR<DV7CK> ="0" TBTCR<DV7CK>="1"

Seral Clock Baud Rate
SCK Seriaf Clock Baud Rate Serfal Clock Baud Rate
000 for2i2 3.906 kbps far24 2048 bps fsf2t 2048 bps
001 for2® 62.5 kbps foiz® 62.5 kbps Reserved -
010 fof2? 125 kbps fof2? 125 kbps Reserved -
011 fo/28 250 kbps ic/28 250 kbps Reserved -
100 fos2s 500 kbps o258 500 kbps Reserved -
101 fofod 1.00 Mbps feiz4 1.00 Mbps Reserved -
110 foi23 2,00 Mbps fo/23 2.00 Mbps Reserved

{2) External clock

When an external clock is selected by setting SIO2CR<SCK> to “111%, the clock via the SCK2 pin
from an external source is used as the serial clock.

To ensure shift operation, the serial clock pulse width must be 4/fc or more for both “H” and “L”

levels.

SCK2 pin N %

& i fut

/S

IScKL ISCKH

Figure 15-3 External Clock

1SCKL, ISCKL 2 difc
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15.2.1.2 Shift edge

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

{1} Leading edge shift +

Data is shifted on the leading edge of the serial clock (falling edge of the SCK2 pin input/output).

(2) Trailing edge shift

Data is shifted on the trailing edge of the serial clock (rising edge of the SCK2 pin input/output).

SI02CR<SI0S> !
SRz pin 2 I S R A R 2 D A D 2 B I e

Shift register 01234567§ *0123456 X 012345 X *=01284 X -+o0123 X =012 X o1 X o X
J Shit out

802 pin \ Bz X Bts X mis Y B X 835 X sz X B X 80

(a) Leading edge shift (Exampie of MSB transfer)

SIO2CR<SI0%> ]
SoRZ pin L+ L+ L+ L+ L+ L4 ¢+ L ¢
812 pin X e X mis X mits X B X B3 X Bz X Bt X 80

Shift register ek X Fi X ¥ X Sg7Hr- X 4567 X 34567 X 234667 X 1234567 X01234567

(b) Trailing edge shift (Example of MSB transfer)

Figure 15-4 Shift Edge

15.2.2 Transfer bit direction
Transfer data direction can be selected by using SIO2CR<SIODIR>. The transfer data direction can't be set
individually for transmit and receive operations.

When the data direction is changed, the writing instruction to SIO2CR<SIODIR> should be executed while
the transfer is stopped (when SIO2CR<SIOF> *“0™)
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SIC2CR<SIOS> ]
SCRE pin +\I+|+i+|{'ldl+|%l
SI02TDB :)( A \
i Shift aut
$02 pin N a7z X as X as X oae X om X a2 X oAt X a0

{a} MSB transfer

SI02CR<SIOS> ;

SR pin ?\!?I?!%!%I%IJ'l?I
SIOZTDB:XA\

¥ Shiftout
802 pin N oA X oAt X Az X Az X a4 X a5 X A X A7

(b) LSB transfer

Figure 15-5 Transfer Bit Direction (Example of transmit mode)

15.2.2.1 Transmit mode

(1) MSB transmit mode
MSB transmit mode is selected by setting SIO2CR<SIODIR> to “0”, in which case the data is
transferred sequentially beginning with the most significant bit (Bit7).
(2) LSB transmit mode
LSB transmit mode is selected by setting SIO2CR<SIODIR> to “1”, in which case the data is

transferred sequentially beginning with the least significant bit (Bit0).

15.2.2.2 Receive mode

(1) MSB receive mode
MSB receive mode is selected by setting SIO2CR<SIODIR> to “0”, in which case the data is
received sequentially beginning with the most significant bit (Bit7).
(2) LSB receive mode

LSB receive mode is selected by setting SIO2CR<SIODIR> to “17, in which case the data is
received sequentially beginning with the least significant bit (Bit0).
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15.2.2.3 Transmitfreceive mode

(1) MSB transmit/receive mode

MSB transmit/receive mode are selected by setting SIO2CR<SIODIR> to “0” in which case the
data is transferred sequentially beginning with the most significant bit (Bit7) and the data is received
sequentially beginning with the most significant (Bit7).

(2) LSB fransmit/receive mode

LSB transmit/receive mode are selected by sefting SIO2CR<SIODIR> to “1”, in which case the
data is transferred sequentially beginning with the least significant bit (Bit0) and the data is received
sequentially beginning with the least significant (Bit0).

15.2.3 Transfer modes

Transmit, receive and transmit/receive mode are selected by using SIO2CR<SIOM>,

15.2.3.1 Transmit mode

Transmit mode is selected by writing “00” to SIO2CR<SIOM:>,

(1) Starting the transmit operation

Transmit mode is selected by setting “00” to SIO2CR<SIOM>. Serial clock is selected by using
SIO2CR<SCK>. Transfer direction is selected by using SIO2CR<SIODIR>.

Whent a transmit data is written to the transmit buffer register (SIO2TDB), SIO2SR<TXF> is
cleared to <0”.

After SIO2CR<SIOS> is set to “17, SIO2SR<SIOF> is set synchronously to “1” the falling edge of
SCK2 pin.

The data is transferred sequentially starting from SOZ2 pin with the direction of the bit specified by
SIO2CR<SIODIR>, synchronizing with the SCK2 pin's falling edge.

SIO2SR<SEF> is kept in high level, between the first clock falling edge of SCK2 pin and eighth
clock falling edge.

SIO2SR<TXF> is set to “1” at the rising edge of pin after the data written to the SIO2TDB is
transferred to shift register, then the INTSIOZ interrupt request is generated, synchronizing with the
next falling edge on SCK2 pin.

Note 1: In internal clock operation, when SIO2CR<SI0S> is set to "1", transfer mode does not start
without writing a transmit data to the transmit buffer register (SI02TDB}.

Note 2: In internal clock operation, when the SIO2CR<SIOS> is set to "1", SIO2TDB is transferred to
shift register after maximum 1-¢ycle of serial clock frequency, then a serial clock is output from
SCK2 pin.

Note 3: In external clock operation, when the falling edge is input from SCK2 pin after SIO2CR<SIOS> is
set to "1", SIO2TDB is transferred to shift register immediately.

(2) During the transmit operation

When data is written to SIO2TDB, SIO2SR<TXF> is cleared to “0”.

In internal clock operation, in case a next transmit data is not written to SIO2TDB, the serial clock
stops to “H” level by an automatic-wait function when ail of the bit set in the SIO2TDB has been
transmitied. Automatic-wait function is released by writing a transmit data to SIO2TDB. Then, trans-
mit operation is restarted after maximum 1-cycle of serial clock.
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15.1 Configuration

TMP86FS49FG

TENTATIVE

S5I02CR<SI0S>

SI025R<SI0F>

SIC28R<SEF>

SCK2 pin outout

$02 pin

" SIO2SR<TXF>

INTS102
interrupt
request

Sl02TDB

When the next data is writtenr to the SIO2TDB before termination of previous 8-bit data with
SIO2SR<TXF> “17, the next data is continuously transferred afier transmission of previous data.

I external clock operation, after SIO2SR<TXF> is set to “1”, the transmit data must be written to
SIO2TDB before the shift operation of the next data begins.

If the transmit data is not written to SIO2TDB, transmit errer occurs immediately after shift opera-
tion is started. Then, INTSIO2 interrupt request is generated after SIO2SR<TXERR> is set fo “17.

(3) Stopping the transmit operation

There are two ways for stopping transmits operation.

* The way of clearing SIO2CR<SIOS>,
When SIO2CR<SIOS> is cleared to “0”, transmit operation is stopped after all transfer of the
data is finished. When transmit operation is finished, SIO2SR<SIOF:> is cleared to “0” and
802 pin is kept im high level.
Im external clock operation, SIO2ZCR<SIOS> must be cleared to “0” before SIO2SR<SEF> is
set to “1” by beginning next transfer.

+ The way of setting SIO2CR<SIOINH>.
Transmit operation is stopped immediately after SIO2CR<SIOINH> is set to “1”, In this
case, SIO1CR<SIOS>, SIO2SR register, SIO2ZRDB register and SIO2TDB register are ini-
tialized.

Clearing SIOS

—

:> Start shift Start shift Start shift
operation f operation cperation
i il T
@@@7@@&@@ S22 TICTN O & &0 & &
] | l [ l
[ [ n [
;SX \ \
A X8 Xc
1 * t
Writing transmit Wrifing transmit Whiting fransmit
data A data B data C

Figure 15-6 Example of Internal Clock and MSB Transmit Mode
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, Writing fransmit data , Clearing SI0S
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SI028R<3I0F>
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, |
?
i
i
§
H

L

:_ Slartshift
¥ operation

.

- —fdposeooiipeseensepesseoy

SIO2SR<TXF> | '

o [ L[ 1]

$1027DB <3|os>£)( A \X B \X c
0 4

Writing transmit  Wiiting transmit Writing transmit
data A data B data C

Start shift
operation

Start shift

EH
1
1
1
i
i
1
. i
operation ‘

Sl025R<SEF=

_-__‘5).--__-_

Figure 15-7 Exaple of External Clock and MSB Transmit Mode

SCKZ pin I E

SI02SR<SIOF> ]

S02 pin X /

i tsopm G

4ffc = ts0nH = 8iHc

(4) Transmit error processing

Transmit errors occur on the following situation.

+ Shift operation starts before writing next transmit data to SIO2TDB in external clock opera-
tion.
If transmit errors occur during transmit operation, SIO2SR<TXERR> is set to “1” immedi-
ately after starting shift operation. Synchronizing with the next serial clock falling edge,
INTSIOZ? interrupt request is generated.
If shift operation starts before writing data to SIO2TDB after SIO2CR<SIOS> is set to “17,
SIO2S8R<TXERR> is set to “1” immediately after shift operation is started and then
INTSIO1 interrupt request is generated.
SIO2 pin is kept in high level when SIO2SR<TXERR> is set to “1”. When transmit error
occurs, transmit operation must be forcibly stop by writing SIO2CR<SIOINH> to “1”. In
this case, SIO2ZCR<SIOS>, SIO2SR register, SIO2ZRDB register and SIO2TDB register are
initialized.
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15.1 Configuration TMPB6FS49FG

TENTATIVE

SIOZ2CR<SICS> ’ !

SI028R<SIOF> Start shift Start shift Start shift ;\
oparation ¥ operation ¥ operation

Sl025R<SEF> ]

SCKZ2 pin HH]H]

SO2 pin ATAARAADSAASAAIA AZAATXACKB7 ABORDBSARIABIARZAB ARG,

fud

SI02SR<TXF>

] i
SI02SR<TXERR> / / }

INTSIO2 k "¢ K /

interrupt

::;SDB 5T< A \1?( B \ / /I //Unknown

Writing fransmit  Wiiting transmit

SI02CR data A data B ﬂ

<SIOINH>

15.2.3.2 Receive mode

The receive mode is selected by writing “01” to SIO2CR<SIOM>.

(1) Starting the receive operation
Receive mode is selected by setting “017 to SIO2CR<SIOM>. Serial clock is selected by using
SIO2CR<SCK>. Transfer direction is selected by using SIO2CR<SIODIR>.
After SIO2CR<SIOS> is sef to “17, SIO2SR<SIOF> is set synchronously to “1” the falling edge of
SCK2 pin.

Synchronizing with the SCK2 pin's rising edge, the data is received sequentially from SI2 pin with
the direction of the bit specified by SBI2DIR<SIODIR>.

SIOISR<SEF> is kept in high level, between the first clock failing edge of SCK2 pin and eighth
clock falling edge.

‘When 8-bit data is received, the data is transferred to SIO2RDB from shift register. INTSIO2 inter-
rupt request is generated and SIO2SR<RXF> is set to “1”

Note: Ininternal clock operation, when the SIO1CR<SIOS> is sef to "1", the serial clock is generated
from SCK2 pin after maximum 1-cycle of serial clock frequency.

(2) During the receive operation

The SIO2SR<RXF> is cleared to “0” by reading a data from SIO2RDB.

In the internal clock operation, the serial clock stops to “H” level by an automatic-wait function
when the all of the 8-bit data has been received. Automatic-wait function is released by reading a
received data from SIO2RDB. Then, receive operation is restarted after maximum 1-cycle of serial
clock.

In external clock operation, after SIO2SR<RXF> is set to “1”, the received data must be read from
SIOZRDB, before the next data shifi-in operation is finished.
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If received data is not read out from SIO2RDB receive error occurs immediately after shift opera-
tion is finished. Then INTSIO2 interrupt request is generated after SIO2SR<RXERR> is set to “1”.

(3) Stopping the receive operation

There are two ways for stopping the receive operation.

* The way of clearing SIO2CR<S8I0S>,
When SIO2CR<SIOS> is cleared to “0”, receive operation is stopped after all of the data is
finished to receive. When receive operation s finished, SIO28R<SIOF> is cleared to “0”.
Im external clock operation, SIO2CR<SIOS> must be cleared to “0” before SIOZSR<SEF> is
set to “1” by starting the next shift operation,

* The way of setting SIO2ZCR<SIOINH:>,
Receive operation is stopped immediately after SIO2CR<SIOINH> is set to “17. In this case, "
SIO2CR<S8IOS>, SIO2SR register, SIO2ZRDB register and SIO2TDB register are initialized.

Clearing SIOS

SI02CR<SI0S> _I
Start shift

SI025R<SIOF> Start shift Start shift
operation ¥ operation aparation
SIO2SR<SEF> } [

[ mmmanamney o1 1
SCK2 pin Automatic wait

si2 pin ‘&@v@@@@@" I OP8eeRReE _ aeeeRReE

;

SI02SR<RXF> El ! ] [
wser L L 1]
request ¢ \ \ \
SIO2RDB X A X B X c

¥ v v

Writing transmit Wrifing $ransmit Whiting fransmit
data A date B data C

Figure 15-8 Example of Internal Clock and MSB Receive Mode
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15.1 Configuration

TMP36FS49F G

TENTATIVE

Reading received data

)
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Giearing 8105

|
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]
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A
Y

SIQ2CR<8I0S8> I

'
'
]
il
T
t
'
'
1
'
]
]
'
'
1
1
1
'

SIO2SR<SIOF> B
Start shift ' Start shift Start shift L__—____
operation f operation aperation '

SIO2SR<SEF> u | !

SCK2 pin

512 pin E@@@@@@@‘i@@@@@@@@@@@@@@@ &

SIO2SR<RXF> I l
e N
request J \ \ \
SIO2RDB X A X B X c
Writing transmit Writing transmit  Writing transmit
data A data B data ©

Figure 15-9 Example of External Clock and MSB Receive Mode

(4) Receive error processing

Receive errors occur on the following situation. To protect SIO2RDB and the shift register con-
tents, the received data is ignored while the SIO2SR<RXERR> is “1”.

+ Shift operation is finished before reading out received data from SIO2RDB at
SIO2S8R<RXF> ig “1” im an external clock operation.
If receive error occurs, set the SIO2ZCR<SIOS> to “0™ for reading the data that received
immediately before error occurence. And read the data from SIO2RDB. Data in shift register
(at errors accur) can be read by reading the SIO2RDE again,
When SIO2SR<RXERR> is cleared to “0” after reading the received data, SIO2SR<RXF> is
cleared to “0”.
After clearing SIO2CR<SIOS> to “0”, when 8-bit serial clock is input to SCKZ pin, receive
operation is stopped. To restart the receive operation, confirm that SIO2SR<SIOF> is
cleared to “0™. :
If the receive error occurs, set the SFO2CR<SIOINH> to “1” for stopping the receive opera-
tion immediately. In this case, SIO2CR<SIOS>, SIO1SR register, SIO2RDB register and
SIO2TDB register are initialized.
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SI02CR<SI0S> i
\\ﬂ

S1028R<SIOF:
= Start shift Start shift Start shift L
operation f aperation f aperation

SIQ28R<SEF> U l

siz in W@@@@@@’&‘@@@@@@@é@@@@@@@

SICZ5R<RXF> | 1
SI02SR<RXERR> !

N Vhite a 0" aRe! reading the

!NTS|02 raceived data when a receivie
interrupt STEDT DOCUTS.

request ¢

SIO2RDB X A X B

Writing transmit  Whiling fransmit
data A data B

Figure 15-10 Example of Receive Error Processing

Note: If receive error is not corrected, an interrupt request does not generate after the error occurs.

15.2.3.3 Transmit/receive mode

The transmit/receive mode are selected by writing “10” to SIO2CR<SIOM:>.

{1) Starting the transmit/receive operation

Transmit/receive mode is selected by writing “10” to SIO2CR<SIOM:>. Serial clock is selected by
using SIO2CR<8CK>. Transfer direction is selected by using SIO2ZCR<SIODIR>,

When a fransmit data is written to the transmit buffer register (SIOITDB), SIO2SR<TXF> is
cleared to “0™.

After SIO2CR<SIOS> is set to “17™, SIO2SR<SIOF> is set synchronously to the falling edge of
SCKZ pin,

The data is transferred sequentially starting from SO2 pin with the direction of the bit specified by
SIO2CR<SIODIR>, synchronizing with the SCK2 pin's falling edge. And receiving operation also
starts with the direction of the bit specified by SIO2CR<SIODIR>, synchronizing with the SCK2
pin's rising edge.

SIO28R<SEF> is kept in high level between the first clock falling edge of SCK2 pin and eighth
clock falling edge.

SIO2SR<TXF> is set to “1" at the rising edge of SCK2 pin after the data written to the SIO2TDR is
transferred to shift register. When 8-bit data has been received, the received data is transferred to
SIO2RDB from shift register, then the INTSIO2 interrupt request occurs, synchronizing with setting
SIO2SR<RXF> to “1”.

Note 1: In intemnal clock operation, when the SIO2CR<SI0S> is set to "1", 8102TDB is transferred to
shift register after maximum 1-cycle of serial clock frequency, then a serial clock is output from
SCK2 pin.

Note 2: In external clock operation, when the falling edge is input from SCK2 pin after SIO2CR<SI0S> is
set to "1°, SIO2TDB is transferred to shift register immediately. When the rising edge is input
from SCKZ pin, receive operation also starts.
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15.1 Configuration TMP86FS49FG

TENTATIVE

{2) During the transmit/receive operation

When data is written to SIO2TDB, SIO2S8R<TXF> is cleared to “0” and when a data is read from
SIOZ2RDRB, SIO2SR<RXF> is cleared to “0”.

I internal clock operation, in case of the condition described below, the serial clock stops to “H”
level by an automatic-wait function when all of the bit set in the data has been transmitted.

+ Next transmit data is not written to SIO2TDB after reading a received data from SIO2RDB.
+ Received data is not read from SIO2RDB after writing a next transmit data to SIO2TDB.
+ Neither SIO2TDB nor SIO2RDB is accessed after transmission.

The automatic wait function is released by writing the next transmit data to SIO2TDB after reading
the received data from SIO2RDB, or reading the received data from SIO2RDB after writing the next
data to SIO2TDB.

Then, transmit/receive operation is restarted after maximum 1 cycle of serial clock.

In external clock operation, reading the received data from SIO2RDB and writing the next data to
SIO2TDB must be finished before the shift operation of the next data begins.

If the transmit data is not written to SIO2TDB after SIO2SR<TXE> is set to “1”, transmit error
occurs immediately after shift operation is started. When the transmit error occurred,
SIO2SR<TXERR> is set to “1”.

If received data is not read out from SIOZRDB before next shift operation starts after setting
SIO2SR<RXF> to “17, receive error occurs immediately after shift operation is finished. When the
receive error has occurred, SIO2SR<RXERR> is set to “17.

(3) Stopping the transmit/receive operation

There are two ways for stopping the transmit/receive operation.

» The way of clearing SIO2CR<SI0S>,
When SIO2CR<SIOS> is cleared to “0”, transmit/receive operation is stopped after all trans-
fer of the data is finished, When transmit/receive operation is finished, STO28R<SIOF> is
cleared to “0” and SO2 pin is kept in high level.
In external clock operation, SIO2CR<SIOS> must be cleared to “0” before SIO2SR<SEF> is
set to “1” by beginning next transfer.

» The way of setting SIO2CR<SIOINH=>.
Transmit/receive operation is stopped immediately after SIO2CR<SIOINH:> is set to “1”. In

this case, SIO2CR<SIOS>, SIO2SR register, SIOZRDB register and SIO2TDB register are
initialized.
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Clearing SICS

Sl02CR<SI0S> __j

SI025R<8IOF> Start shift Start shift + :  Start shift
operation f operation f operation

)

SI025R<SEF>
SCK2 pin output
S02 pin
512 pin
INTSIO2 .
interrupt
request
'
SI028R<TXF> I I I
SI02TDB X A X B X c
Wiriting fransmit Writing frangmit Writing transmit
data A data B data C
SI0012SR<RXF> ! [ ! ] I I
SIOD12RDB X B X E AF
Reading received Reading recsived Reading received
data data & data F

Figure 15-11 Example of Internat Clock and MSB Transmit/Receive Mode
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15.1 Configuration

TMPB6FS49FG

TENTATIVE
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Figure 15-12 Example of External Clock and MSB Transmit/Receive Mode

{4) TTransmit/receive error processing

Transmii/receive errers occur on the following situation. Corrective action is different, which
errors occur transmits or receives.

(@) Trans

mit errors

Transmit errors occur on the following situation.

Shift operation starts before writing next transmit data to SIO2TDB in external clock op-
eratioi.

If transmit errors occur during transmit operation, SIO2SR<TXERR> is set to “1” im-

mediately after starting shift operation. And INTSIO2 interrupt request is generated af-
ter all of the 8-bit data has been received.

If shift operation starts before writing data to SIO2TDB after SIO2CR<SIOS> is set to
“17, SIO2SR<TXERR:> is set inmediately after starting shift operation. And INTSIO2
interrupt request is generated after all of the 8-bit data has been received.

SO2 pin is kept in high level when SIO2SR<TXERR> is set to “1”. When transmit error
oceurs, transmit operation must be forcibly stop by writing SIO2ZCR<SIOINH= to “1”

after the received data is read from SIO2RDB. In this case, SIO2ZCR<SIOS>, SIO2SR

register, SIO2ZRDB register and SIO2TDB register are initialized.
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SIO2CR<8I0S>

8l028R<SI0F> ‘IP(— Start shift Stait shift Start shift I

operation ¥ operation ¥ operation
SIQ2SR<SEF> . |

SCH2 pin output

/|

812 pin

INTSIC2
interrupt
request

SIO28R<TXF> i | ! |

SI028R<TXERR>

SI102TDB X a X B

Writing transmit Writing transmit
data A data B

SI02SR<RXF> 1 i [
\

{
SIO2RDB XD X E G\
v v v

Reading received Reading received Reading received
data D dataE data F

\Unknowrs

e

SI02CR<SIOINH>

Figure 15-13 Example of Transmit/Receive (Transmit) Error Processing

(b) Receive errors

Receive errors occur on the following situation. To protect SIO2ZRDB and the shift register
contents, the received data is ignored while the SIO2SR<RXERR> is “1”,

+ Shift operation is finished before reading out received data from SIO2RDB at
SIO2S8R<RXF> is “1” in an external clock operation.
If receive error occurs, set the SIO2CR<SIOS> to “0” for reading the data that received
immediately before error occurence. And read the data from SIO2RDB. Data in shift
register {at errors occur) can be read by reading the SIOIRDB again.
When SIO2SR<RXERR> is cleared to “0” after reading the received data,
SIO2SR<RXF> is cleared to “0”,
After clearing SIOZCR<SIOS> to “0”, when 8-bit serial clock is input to SCK2 pin, re-
ceive operation is stopped. To restart the receive operation, confirm that
SIO28R<SIQF=> is cleared to “0”.
If the received error occurs, set the SIOZCR<SIOINH> to “1” for stopping the receive
operation immediately. In this case, SIO2CR<SIOS>, SIO2S8R register, SIOZRDB reg-
ister and SIO2TDB register are initialized.
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15.1 Configuration TMP86FS49FG
TENTATIVE
SIO2CR<SIOS> ]
1
SI028RSIOF> | gtartshit Start shift Start shift
B¢ operation ¥ operation ¥ aperation [4
SIO2SR<SEF> P

SCKZ pin output |
I

502 pin @@@@@@@@@@@@@@@@@@@@‘

Nra0 Ao oHON o oNE ek e e E XN e R ENEXE
:'régezreus? H "

L]

SI02TDB X A X B X C X Unknown
Writing transmit Whiting transmit Writing transmit
data A daiz B data C
SI028R<RXF> [
h

SI025R<RXERR>

\
SI02RDB XD XEWLH X ooH

Reading received  Reading received
data D data E

SIO2CR<SIOINH>

Figure 15-14 Example of Transmit/Receive {Receive) Error Processing

Note: If receive error is not corrected, an interrupt request does not generate after the error
OCCurs.

SCK2 pin I

S1028R<SIOF>

— )

£
{SODH__ !

|

4ffc < tSoDH < 8#c

Figure 15-15 Hold Time of the End of Transmit/Receive Mode
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16. Serial Bus Interface (SBI)

The TMP86FS49FG has an 1-channel serial bus interface which employs an I°C bus (A bus system by Philips).

The serial interface is connected to an external devices through SDA and STL,

Note 1: The serial bus interface can be used only in NORMAL1/2 and IDLE1/2 mode. It can not be used in IDLED,
SLOWA1/2 and SLEEPO//2 mode,

Note 2: The serial bus interface can be used only in the Standard mode of 12C. The fast mede and the high-speed mode
can not be used.,

16.1 Configuration

— INTSBI interrupt request

»/SCL  —{]sCL
fe/4 —)@ Input/
output
Transfer control
P Y caonirol —
o I*C bus circuit
Noise clock sysn. > AR
> canceller ™ +Con¥’ol nl Y
A Shift »I’C bus data Notse
ister }ef trol P N
register conTro ] canceller [ ,SD)} —_] SDA
Y 4L |
SR | [ 2car | | sBoBR | | BIRY
SBl control register 8/ I°C bus SBl data/ SBI centrol register A/
5Bl status register 8 address register  buffer register SBI status register A
Figure 16-1 Serial Bus Interface (SBI)
16.2 Control

The following registers are used for control the serial bus interface and menitor the operation status,
= Serial bus interface control register A (SBICRA)
= Serial bus interface control register B (SBICRB)
+ Serial bus interface data buffer register (SBIDBR)
« 12C bus address register (I2CAR)
= Serial bus interface status register A (SBISRA)
» Serial bus interface status register B (SBISRB)

16.3 Software Reset

A serial bus interface circuit has a software reset function, when a serial bus interface circuit is locked by an exter-
nal noise, etc.

To reset the serial bus interface circuit, write “107, “01” into the SWRST (Bitl, 0 in SBICRB).
And a status of software reset canbe read from SWRMON (Bit0 in SBISRB).

Page 191
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16.4 The Data Format in the 12C Bus Mode
TENTATIVE

TMP86FS49FG

16.4 The Data Format in the 1°C Bus Mode
The data format of the I2C bus is shown below.

(a) Addressing format
j«— 8bits —»|1}« 1to08bits >»{1}e 1108 bits —»1]
T 111
A R[A A A
S| Slave address |/ [C Data C Data CiP
MK K K

fe— 1 >l 1 or more ——————»
(b) Addressing format (with restart)

l«— 8bhits —»|1|« 1to8bits »{1| e~ 8bits —»|1}e 1t08bits -»]1]

TT T T TT T T 11
R|A A R[A A

S| Slave address |/ [C Data CI8| Slave address |/|C Data c
W] K K v KK K

|<— 1 ————)l(—1ormore—>||(— 1 —)|<—10rm0re—>|

(c) Free data format
l«— 8bits —»|1|«€ 1toBsbits {1}« 1to8bits 1]
FTTTTTT
A A A
3 Data C Data C Data C|P
K K K

|<— 1 ‘;}—1 1 or more 4)1

S __ : Start condition
RA : Direction bit
ACK : Acknowledge bit
P : Siop condition

Figure 16-2 Data Format in of I°C Bus
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16.5 12C Bus Contro!

The following registers are used to control the serial bus interface (SBI) and monritor the operation status of the 2C
bus.

Serial Bus Interface Control Register A

SBICRA 7 B 5 4 3 2 1 ]
{OF90H) | BC | ACK I ] SCK J (Initial value: 0000 *000)
ACK=0 ACK=1
S et L (il IS
ooo: 8 8 9 8
o01: 1 1 2 1
BC Number of transferred bits | 010 2 2 3 2 V::;’
011: 3 3 4 3
100: 4 4 5 4
101: ) 5 -] 5
110: 6 3] 7 6
111: 7 7 8 7
ACK Master mode Stave mode
o | romsgonstnse | o [ Lmamase et | o |
1 Generate a clock pulse for an Count a clock pulse for an
acknowledgement. acknowledgement.
SCK n Atfe=16 MHz | Atfc=8 MHz | Atfc=4 MHz
000: 4 Reserved Reserved 100.0 kHz
001: 5 Reserved Reserved 55.6 kHz
Serial clock (fscl) selection | g4q; ] Reserved 58.8 kHz 29.4 kHz
SCK (Quiputon SCL pin) 011: 7 60.6 kHz 30.3 kMz 15.2 kHz V:;te
ffscl = 142" e + 8/c)] 100: 8 30.8 kHz 15.4 kHz 7.7 kHz ’
101: 9 15.5 kHz 7.8 kHz 3.9kHz
110t 10 7.8kHz 3.9 kHz 1.9 kHz
111: Reserved
Note 1: fc: High-frequency clock [Hz], *: Don't care
Note 2: Set the BC to "000" before switching to 8-bit SIO bus mode.
Note 3: SBICRA cannot be used with any of read-modify-write instructions such as bit maniputation, etc.
Note 4; Do not set SCK as the frequency that is over 100 kHz.
Serial Bus Interface Data Buffer Reqgister
SBIDBR 7 [ 5 4 3 2 1 ]
(OF81H) i 1\ } Inifial value: **** ****} RAW

Note 1: For writing transmitted data, start from the MSB (Bit7).

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

Note 3: * Don't care
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12C bus Address Register
12CAR 7 6 5 4 3 2 1 o
(aF92H) Slave address + {Initial value: 0000 DOCO)
ALS
5A6 | SA5 | Sh4 l SA3 | 5A2 I SAT I SAD
SA Slave address selection
N " Wite
ALS Address recognition mode spec- 0:  Slave address recognition only
ification 1:  Non slave address recognition

Note 1: 12CAR is write-only register, which cannot be used with any of read-moedify-write instruction such as bit manipulation, etc.

Note 2: Do not set 1I2CAR to "OGH" to avoid the incorrect response of acknowledgment in slave mode. If "00H" is sel to |[2CAR as
the Slave Address and received "0-fH" in slave mode, the device might transmit the acknowledgment incorrectly.

Serial Bus Interface Control Register B

SBICRB 7 6 5 4 3 2 1 0
{OF93H) | MST | TRX | BB | PIN | SBIM | SWRST1| SWRSTDl {Initial value: 0001 0000)
0: Slave
MST Master/slave selection
1. Master
0: Receiver
TRX Transmitier/receiver selection

1:  Transmitter

0: Generate a stop conditton when MST, TRX and PIN are "1"

BB Start/stop generation
1:  Generate a start condition when MST, TRX and PIN are "1*
0 - Wite

PIN Cancel interrupt service request onl
1:  Cancel interrupt service request ¥

00;  Port mode (Serial bus interface output disable)
SEIM Serial bus interface operating 01:  Reserved
mode selection 10 12C bus mode

11 Reserved

SWRST1

SWRSTO Software reset start bit Software reset starts by first writing *10" and nesxd writing 01

Note 1: Switch a mode to port after confirming that the bus is free.

Note 2: Switch a mode to I°C bus mode after confiming that the port is high level.

Note 3: SBICRB has write-only register and must not be used with any of read-modify-write instructions such as bit manipulation,
etc. i

Note 4; When the SWRST (Bit1, 0 in SBICRB) is written to "10", "01" in 12C bus mode, software reset is occurred. In this case, the
SBICRA, I2CAR, SBISRA and SBISRB registers are initialized and the bits of SBICRB except the SBIM (Bit3, 2 in SBI-
CRB) are also initiatized.

Serial Bus Interface Status Register A

SBISRA 7 B 5 4 3 2 1 o)
(OF90H) SWRMON | {Initial valug; *** ***1)

;. During sofiware reset Read
SWRMON Software reset monitor only
1 -
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Serial Bus Interface Status Register B

Read
only

SBISRB 7 41 5 4 3 2 1 0
(OF93H) | MST | TRX | BB | PIN | AL | AAS | ADO | LRB | {Initial value; 0004 00OC)
MST Master/stave selection status 0: Slave
monitor 1. Masfer
TRX Transmitter/receiver selection 0:  Receiver
status monitor t:  Transmitter
0: Bus free
BB Bus status monitor
1: Busbusy
PIN Interrupt service requests sta- 0: Requesting interrupt service
tus monitor 1:  Releasing interrupt service request
0 -
AL Arbitration lost detection monitor
1:  Arbitration lost detected
AAS Slave address match detection 0: Mot detect slave address maich or "GENERAL CALL"
monitor 1:  Detect slave address match or "GENERAL CALL"
AD *GENERAL CALL" detection 0; Mot detect "GENERAL CALL"
0 .
monitor 1: Detect"GENERAL CALL"
0: Last receive bitis "0"
LRB Last received bit moniter
1: Last receiv bit is "1"

16.5.1 Acknowledgement mode specification

16.5.1.1 Acknowledgment mode (ACK = “17)

To set the device as an acknowledgment mode, the ACK (Bit4 in SBICRA) should be set to “1”. When
a serial bus interface circuit is a master mode, an additional clock pulse is generated for an acknowledge
signal. In a slave mode, a clock is counted for the acknowledge signal.

In the master transmitter mode, the SDA pin is released i order to receive an acknowledge signal from
the receiver during additional clock pulse cycle. In the master receiver mode, the SDA pin is set to low
level generation an acknowledge signal during additional clock pulse cycle.

In a slave mode, when a received slave address matches to a slave address which is set to the I2CAR or
when a “GENERAL CALL” is received, the SDA pin is set to low level generating an acknowledge sig-
nal. After the matching of slave address or the detection of “GENERAL CALL”, in the transmitter, the
SDA pin is released in order to receive an acknowledge signal from the receiver during additional clock
pulse cycle. In a receiver, the SDA pin is set to low level generation an acknowledge signal during addi-
tional clock pulse cycle after the matching of slave address or the detection of “GENERAL CALL”

The Table 16-1 shows the SCL and SDA pins status in acknowledgment mode,
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Table 16-1 SCL and SDA Pins Status in Acknowledgement Mode

Mode Pin Transmitter Receiver
5CL An additional clock pulse is generated.
Master Released in order fo receive | Set to low level generating an
SDA . .
an acknowledge signal. acknowledge signal
SCL A clock is counted for the acknowledge signal,
When slave address matches Set to low level generating an
Slave or a general call is detected acknowledge signal.
SDA
After matching of slave Released in order to receive Set fo low level generating an
address or general call an acknowledge signal. acknowledge signal.

16.5.1.2 Non-acknowledgment mode (ACK = “0”)

To set the device as a non-acknowledgement mode, the ACK should be cleared to “0”.

In the master mode, a clock pulse for an acknowledge signal is not generated.

I the slave mode, a clock for a acknowledge signal is not counted.

16.5.2 Number of transfer bits

The BC (Bits7 to 5 in SBICRA) is used to select a number of bits for next transmitting and receiving data.

Since the BC is cleared to “000” by a start condition, a slave address and direction bit transmissions are
always executed in 8 bits. Other than these, the BC retains a specified value.

16.5.3 Serial clock

16.5.3.1 Clock source

The SCK (Bits2 to 0 in SBICRA) is used to select a maximum transfer frequency output from the SCL
pin in the master mode.

Four or morec machine cycles are required for both high and low levels of pulse width in the external
clock which is input from SCL pin.

Note: Since the serial bus interface can not be used as the fast mode and the high-speed mode, do not set
SCK as the frequency that is over 100 kHz.
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SCK (Bits2 to 0 in the SBICRA)
tow = 2" 000
tHiH = 2"fc + 8/fc 001
fscl = 1/(ILOW + tHIGH) 010
011
100
101
110 10

© o~ O g AK|S

B

[ . e
"tsckL "tsckH !

tSCKL tsCKH > 4 toye

Note 1. fc = High-frequency clock
Note 27 toys = 4/fc (in NORMAL mode, IDLE mode)

Figure 16-3 Clock Source

16.5.3.2 Clock synchronization

In the I*C bus, in order to drive a bus with a wired AND, a master device which pulls down a clock
pulse to low will, in the first place, invalidate a clock pulse of another master device which generates a
high-level clock pulse.

The serial bus interface circuit has a clock synchronization function. This function ensures normal
transfer even if there are two or more masters on the same bus.

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

SCi pin (Master 1} AN ,": Wit \Count start }

t
1 ) Count reset

BCL pin (Master 2) A Count restart

B,

-

[

SGL (Bus)
\ ;
a b

Figure 16-4 Clock Synchronization

As Master 1 pulls down the SCL. pin to the low level at point “a”, the SCL line of the bus becomes the
low level. After detecting this situation, Master 2 resets counting a clock pulse in the high level and sets
the SCL pin to the low level.
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Master 1 finishes counting a clock pulse in the low level at point “b” and sets the SCL pin to the high
level. Since Master 2 holds the SCL line of the bus at the low level, Master 1 waits for counting a clock
pulse in the high level. After Master 2 sets a clock pulse to the high level at point “c” and detects the SCL
line of the bus at the high level, Master 1 starts counting a clock pulse in the high level. Then, the master,
which has finished the counting a clock pulse in the high level, pulls down the SCL pin to the low level.

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

16.5.4 Slave address and address recognition mode specification

When the serial bus interface cirenit is used with an addressing format to recognize the slave address, clear
the ALS (Bit0 in I2CAR) to “07, and set the SA (Bits7 to 1 in [2CAR) to the slave address.

When the serial bus interface circuit is used with a free data format not to recognize the slave address, set the
ALS to “17. With a free data format, the slave address and the direction bit are not recognized, and they are
processed as data from immediately after start condition.

16.5.5 Master/slave selection

To set a master device, the MST (Bit7 in SBICRB) should be set to “1”. To set a slave device, the MST
should be cleared to “0”.

When a stop condition on the bus or an arbitration lost is detected, the MST is cleared to “0” by the hard-
ware,

16.5.6 Transmitter/receiver selection

To set the device as a transmitter, the TRX (Bit6 in SBICRB) should be set to "1". To set the device as a
receiver, the TRX should be cleared to “0”. When data with an addressing format is transferred in the slave
mode, the TRX is set to "1" by a hardware if the direction bit (R/W) sent from the master device is “1”, and is
cleared to “0” by a hardware if the bit is “0”. [n the master mode, after an acknowledge signal is returned from
the slave device, the TRX is cleared to “0” by a hardware if a transmitted direction bit is *“17, and is set to "1"
by a hardware if it is “0”. When an acknowledge signal is not returned, the current condition is maintained.

When a stop conditior or the bus or an arbitration lost is detected, the TR¥X is cleared to “0” by the hardware.
Table 16-2 shows TRX changing conditions in each mode and TRX value after changing

Table 16-2 TRX changing conditions in each mode

Mode Direction Bit Conditions TRX after Changing
Slave o A received slave address is "o
Mode e the same value set to I2CAR "y
g g
Mast
aster ACK signal s retumed
Mode nyn ngw

When a serial bus interface circuit operates in the free data format, a slave address and a direction bit are not
recognized. They are handled as data just after generating a start conditionr. The TRX is not changed by a hard-
ware,

16.5.7 Start/stop condition generation

When the BB (Bit5 in SBISRB) is “0”, a slave address and a direction bit which are set to the SBIDBR are
output on a bus after generating a start condition by writing “1” to the MST, TRX, BB and PIN. It is necessary
to set ACK to “1” beforehand.
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, e
1 1
SDA pin N\ A X e X m X X e X m X o (rw/

P — -
Start condifion !—-‘\ Slave address and the direction bit

;E Acknowledge signal

Figure 16-5 Start Condition Generation and Slave Address Generation

When the BB is “17, sequence of generating a stop condition is started by writing “17 to the MST, TRX and
PIN, and “0"" to the BB, Do not modify the contents of MST, TRX, BB and PIN until a stop condition is gener-
ated on a bus.

When a stop condition is generated and the SCL line on a bus is pulled-down to low level by another device,
a stop condition is generated after releasing the SCL line.

]

SC. pin / '
- |

SDA pin 5 Y -

Stop condition

Figure 16-6 Stop Condition Generation

The bus condition can be indicated by reading the contents of the BB (Bit5 inr SBISRB). The BB is set to “1”
when a start condition on a bus is detected and is cleared to “0” when a stop condition is detected.

16.5.8 Interrupt service request and cancel

When a serial bus inferface circuit is in the master mode and transferring a number of clocks set by the BC
and the ACK is complete, a serial bus interface interrupt request (INTSBI) is generated.

In the slave mode, the conditions of generating INTSBI are follows:

+ At the end of acknowledge signal when the received slave address matches to the value set by the
12CAR

+ At the end of acknowledge signal when a “GENERAL CALL?” is received

» At the end of transferring or receiving after matching of slave address or receiving of “GENERAL
CALL”

When a serial bus interface interrupt request occurs, the PIN (Bit4 in SBISRB) is cleared to “0”. During the
time that the PIN is “0”, the SCL pin is pulled-down to low level.

Either writing data to SBIDBR or reading data from the SBIDBR sets the PIN to “1”.
The time from the PIN being set to “1” until the SCL pin is released takes {LOW.

Although the PIN (Bit4 in SBICRB) can be set to “1” by the program, the PIN can not be cleared to “0” by
the program.

Note:Regarding the status of PIN when the arbitration lost occurs, refer to Table 16-3.

16.5.9 Setting of 1°C bus mode

The SBIM (Bit3 and 2 in SBICRBY) is used to set I°C bus mode.
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Set the SBIM to “10” in order to set I>C bus mode. Before setting of 12C bus mode, confirm serial bus inter-
face pins in a high level, and then, write “10” to SBIM. And switch a port mode after confirming that a bus is
free.

16.5.10Arbitration lost detection monitor

Since more than one master device can exist simultaneously on a bus, a bus arbitration procedure is imple-
mented in order to guarantee the contents of transferred data.

Data on the SDA line is used for bus arbitration of the I°C bus.

The following shows an example of a bus arbitration procedure when two master devices exist simulta-
neously on a bus. Master 1 and Master 2 output the same data until point “a”. After that, when Master 1 outputs
“1” and Master 2 outputs “0”, since the SDA line of a bus is wired AND, the SDA line is pufled-down to the
low level by Master 2. When the SCL line of a bus is pulled-up at point “b”, the slave device reads data on the
SDA line, that is data in Master 2. Data transmitted from Master 1 becomes invalid. The state in Master 1 is
called “arbitration lost”. A master device which loses arbitration releases the SDA pin and the SCL pin in order
not to effect data transmitted from other masters with arbitration. When more than one master sends the same
data at the first word, arbitration occurs continuously after the second word.

13
1
E

L
SCL (Bus) L '

3
L U
) 3

SoApin (Master 1) \__/ \___/_\ SDA pin beomes "1" after losing arbiiration.
S04 pin {(Master 2) \ / \ / 3\ /

SDA (Bus) \ / \ / \ /

QS SO i ——
.« 2 S v [

Figure 16-7 Arbitration Lost

The serial bus interface circuit compares levels of a SDA line of a bus with its SDA pin at the rising edge of
the SCL line. If the levels are unmatched, arbitration is lost and the AL (Bit3 in SBISRB) is set to “17,

When the AL is set to “17, the MST and TRX are cleared to “0” and the mode is switched to a slave receiver
mode. Thus, the serial bus interface circuit stops output of clock pulses during data transfer after the AL is set
tO “1”-

The AL is cleared to “0” by writing data to the SBIDBR, reading data from the SBIDBR or writing data to
the SBICRB.
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CscLem 1% f2\ /3\ /J4\ /B\ fe\ /f7\ /8\ /9 1\ 2\ /3

O T D (o () ) o
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SGL pin 1 2 3y 4 5y By 1Ty 18y # G| f
A L 4 -t A At e e &

Master A

Master B > Stop clock output
SDA pin D78 ? Releasing SDA pin and SCL pin to high(level as losing arbitration.
AL i

L = r

TRX '

Accessed ta
SBIDBR or SBICRB

‘.‘.‘:‘!\._./

INTSB

Figure 16-8 Example of when a Serial Bus Interface Circuit is a Master B

16.5.11Slave address match detection monitor

In the slave mode, the AAS (Bit2 in SBISRB) is set to “1” when the received data is “GENERAL CALL” or
the received data matches the slave address setting by I2CAR with an address recognition mode (ALS = 0).

When a serial bus interface circuit operates in the free data format (ALS = 1), the AAS is set to “1” after
receiving the first 1-word of data.

The AAS is cleared to “0” by writing data to the SBIDBR or reading data from the SBIDBR.

16.5.12GENERAL CALL detection monitor

The ADO (Bitl in SBISRB) is set to “1” when all 8-bit received data is “0” immediately after a start condi-
tion in a slave mode. The ADO is cleared to “0” when a start or stop condition is detected on a bus.

16.5.13Last received bit monitor

The SDA value stored at the rising edge of the SCL is set to the LRB (Bit0) in SBISRB). In the acknowledge
mode, immediately after am INTSBI interrupt request is generated, an acknowledge signal is read by reading
the contents of the LRB.

16.6 Data Transfer of 12C Bus

16.6.1 Device initialization

For initialization of device, set the ACK in SBICRA to “1™ and the BC to “000™. Specify the data length to 8
bits to count clocks for an acknowledge signal. Set a transfer frequency to the SCK in SBICRA.

Next, set the slave address to the SA in [2ZCAR and clear the ALS to “0” to set an addressing format.
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After confirming that the serial bus interface pin is high level, for specifying the default setting to a slave
receiver mode, clear “0” to the MST, TRX and BB in SBICRB, set “1” to the PIN, “10” to the SBIM, and “00”
to bits SWRST1 and SWRSTO.

Note: The initialization of a serial bus interface circuit must be complete within the time from all devices which are
connected to a bus have initialized to and device does not generate a start condition. If not, the data can not
be received correctly because the other device starts transfetring before an end of the Initiatization of a serial
bus interface circuit.

16.6.2 Start condition and slave address generation

Confirm a bus free status (BB = 0),
Set the ACK to “1” and specify a slave address and a direction bit fo be transmitted to the SBIDBR.

By writing “1” to the MST, TRX, BB and PIN, the start condition is generated on a bus and then, the slave
address and the direction bit which are set to the SBIDBR are output. An INTSBI interrupt request occurs at
the Sth falling edge of a SCL clock cycle, and the PIN is cleared to “0”. The SCL pin is pulled-down to the low
level while the PIN is “0”. When an interrupt request occurs, the TRX changes by the hardware according to
the direction bit only when an acknowledge signal is returned from the slave device.

Note 1: Do not write a stave address to be output to the SBIDBR while data is transferred. If data is written to the
SBIDBR, data to been outputting may be destroyed.

Note 2: The bus free must be confirmed by software within 98.0 ps (The shortest fransmitfing time according to the
12¢ bus standard) after setting of the slave address to be output. Only when the bus free is confirmed, set
"1" to the MST, TRX, BB, and PIN to generate the start conditions. If the writing of slave address and sef-
ting of MST, TRX, BB and PIN doesn't finish within 98.0 ps, the other masters may start the transferring and
the slave address data written in SBIDER may be broken.

SCL pin o :_"E 1 2 3 4 5 5 7 8 9
| 1
| 1
SDA pin o \ ! /a6 X a5 X aa X a3 X a2 X a1t X a0 X RIW)/&__N__;‘

Ackrowiedge

signal from a
slave device

L
I
INTSBE I"I_

interrupt request

J

hd
Start condition Slave address + Direction bit

PIN

Figure 16-9 Start Condition Generation and Slave Address Transfer

16.6.3 1-word data transfer

Check the MST by the INTSBI interrupt process after an 1-word data transfer is completed, and determine
whether the mode is a master or slave.

16.6.3.1 When the MST is “1” (Master mode)

Check the TRX and determine whether the mode is a transmitter or receiver.

(1) When the TRX is “1” (Transmitter mode)

Test the LRB. When the LRB is “17, a receiver does not request data. Implement the process to
generate a stop condition (Described later) and terminate data transfer.
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When the LRB is “0”, the receiver requests next data. When the next transmitted data is other than
8 bits, set the BC, set the ACK to “17, and write the transmitted data to the SBIDBR. After writing
the data, the PIN becomes “17”, a serial clock pulse is generated for transferring a next 1 word of data
from the SCL pin, and then the 1 word of data is transmitted. After the data is transmitted, and an
INTSBI interrupt request occurs. The PIN become “0” and the SCL pin is set to low level. If the data
to be transferred is more than one word in length, repeat the procedure from the LRB test above.

SCL pin 1 2 3 4 5 8 7 & g
Write to SBIDBR

SDApn \ b7 X D6 X DS X D4 X b3 X D2 X D1 X Bo \/_.K:r’:!\cknowledge

signal from a

recaiver
PIN ___! [_
A

t

INTSRBI interrupt request

Figure 16-10 Example of when BC = “000”, ACK = “1”

(2) When the TRX is “0” (Receiver mode)

When the next transmitted data is other than of § bits, set the BC again. Set the ACK to “1”” and
read the received data from the SBIDBR (Reading data is undefined immediately after a slave
address is sent). Afier the data is read, the PIN becomes “1”. A serial bus interface circuit outputs a
serial clock pulse to the SCL to transfer next 1-word of data and sets the SDA pin to “0” at the
acknowledge signal timing.

An INTSBI interrupt request occurs and the PIN becomes “0”. Then a serial bus interface circuit
outputs a clock pulse for 1-word of data transfer and the acknowledge signal each time that received
data is read from the SBIDBR.

Read SBIDBR

SCL pin

A kY A - b - % - s T«
SDA pin D7 ¥ D6 f D5 1 D4 ¢ D3 4 D2 { DI = DO New D7

Acknowledqge
signaltoa
PIN _j ! transmitfer

INTSEI infarrupt request n

Figure 16-11 Example of when BC = “000”, ACK = “1”

To make the transmitter terminate transmit, clear the ACK to “0” before reading data which is 1-
word before the last data to be received. A serial bus interface circuit does not generate a clock pulse
for the acknowledge signal by clearing ACK. In the interrupt routine of end of transmission, when
the BC is set to “001” and read the data, PIN is set to “1” and generates a clock pulse for a I-bit data
transfer. In this case, since the master device is a receiver, the SDA line on a bus keeps the high-
level. The transmitter receives the high-level signal as an ACK signal. The receiver indicates to the
transmitter that data transfer is complete.

After 1-bit data is received and an interrupt request has occurred, generate the stop condition to ter-
minate data transfer.
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SCLpin 1 2 3 4 5 & 7 8 ;1\
--------- L T N e N e N e e T Al el B il
i Dy ¥ D8 r D5 * D4 ¥ D3 4 D2 1 D1 ¢+ DO [
spapm o LLL20 P SO L S A O L A St Loyt L aepegae ! LAcknowledgesignal

= sent to a transmitter
o~ i Iy

!
I

INTSBI interrupt request 1
I l i

L Clear ACK 0 "0" *

before reading SBIDBR Set BC to "001"
befere reading SBIDBR

Figure 16-12 Termination of Data Transfer in Master Receiver Mode

16.6.3.2 When the MST is “0” (Siave mode)

In the slave mode, a serial bus interface circuit operates either in normal slave mode or in slave mode
after losing arbitration.
In the slave mode, the conditions of generating INTSBI are follows:
» When the received slave address matches to the value set by the I2CAR
» When a “GENERAL CALL” is received
= Atthe end of transferring or receiving after matching of slave address or receiving of “GENERAL
CALL”

A serial bus interface circuit changes to a slave mode if arbitration is lost in the master mode. And an
INTSBI interrupt request occurs when word data transfer terminates after losing arbitration. The behavior
of INTSBI and PIN after losing arbitration are shown in Table 16-3.

Table 16-3 The Behavior of INTSBI and PIN after Losing Arbitration

When the Arbitration Lost Qccurs during Trans- When the Arbitration Lost Occurs during Trans-
mission of Slave Address as a Master mission of Data as a Master Transmit Mode

INTSBI INTSBI is generated at the termination of word data,

When the slave address maiches the value set
by 12CAR, the PIN is cleared to "0" by generating
of INTSBI. When the slave address doesn't
match the value set by [2CAR, the PIN keeps "1”,

PIN PIN keeps "1™,

When an INTSBI occurs, the PIN (bit 4 in the SBICRB) is reset, and the SCL pin is set to low level.
Either reading or writing from or to the SBIDBR or setting the PIN to “1” releases the SCL pin after tak-
ing t; ow time.

Check the AL (Bit3 in the SBISR), the TRX (Bit6 in the SBISR), the AAS (Bit2 in the SBISR}, and the
ADO (Bitl in the SBISR) and implements processes according to conditions listed im Table 16-4.
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Table 16-4 Operation in the Slave Mode

TRX

Conditions

Process

A serial bus nterface circuit loses arbitra-
tioh when transmitting a slave address.
And receives a stave address of which the
value of the direction bit sent from another
master is ™",

In the slave receiver mode, a serial bus
interface circuit receives a slave address
of which the value of the direction bit sent
from the master is "1".

Set the number of bits in 1 word to the BC
and write transmitted data to the SBIDER.

In the slave transmitter mode, 1-word data
is fransmitted.

Test the LRB. If the LRB is setto "1", set
the PIN to "1" since the receiver does not
request next data. Then, clear the TRX {o
"0" to release the bus, If the LRB is set to
"0", set the number of bits in 1 word to the
BC and write fransmitted data to the
SBIDER since the receiver requests next
data,

1/0

A serial bus interface circuit loses arbitra-
tion when transmitting a slave address.
And receives a slave address of which the
value of the direction bit sent from another
master is "0" or receives a "GENERAL
CALL"

Read the SBIDBR for setting the PIN to
"1" {Reading dummy data) or write "1" to
the PIN.

A serial bus interface circuit loses arbitra-
tion when fransmitting a stave address or
data. And terminates transfeming word
data.

A seral bus interface circuit is changed to
slave mode. To clear AL to "0", read the
SBIDBR or write the data to SBIDBR.

110

In the slave receiver mode, a serial bus
interface circuit receives a slave address
of which the value of the direction bit sent
from the master is "0" or receives "GEN-
ERAL CALL"

Read the SBIDBR for setting the PIN to
"1" (Reading dummy data) or write "1" to
the PIN.

110

Int the slave receiver mode, a serial bus
interface circuit terminates receiving of 1«
word data.

Set the number of bits in 1-word to the BC
and read received data from the SBIDBR.

Note: In the slave mode, if the slave address set in [2CAR is "00000000B", the TRX changes to "1" by receiving the start byte

data "00000001B"

16.6.4 Stop condition generation

When the BB is “17, a sequence of generating a stop condition is started by sefting “1” to the MST, TRX and
PIN, and clear “0” to the BB. Do not modify the contents of the MST, TRX, BB, PIN until a stop condition is

generated on a bus,

When a SCL line on a bus is pulled-down by other devices, a serial bus interface circuit generates a stop con-
dition after they release a SCL line.
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"¢~ BB

" - PiN

™" — MST
" s TRY
Stop condition

SCL pin /

A

[ Y

SDA pin \ 1/ i:
PIN | J
BB {Read) |

Figure 16-13 Stop Condition Generation

16.6.5 Restart

Restart is used to change the direction of data transfer between a master device and a slave device during
transferring data. The following explains how to restart a serial bus interface circuit.

Clear “0” to the MST, TRX and BB and set “1” to the PIN. The SDA pin retains the high-level and the SCL
pin is released. Since a stop condition is not generated on a bus, a bus is assumed to be in a busy state from
other devices. Test the BB until it becomes “0” to check that the SCL pin of a serial bus interface circuit is
released. Test the LRB until it becomes “1” to check that the SCL line on a bus is not pulled-down to the low
level by other devices. Afier confirming that a bus stays in a free state, generate a start condition with proce-
dure 16.6.2.

In order to meet setup time when restarting, take at least 4.7 s of waiting time by software from the time of
restarting to confirm that a bus is free until the time to generate a start condition.

Note:When restarting after receiving in master recever mode, because the device doesn't send an acknowledg-

ment as a last data, the level of SCL line can not be confirmed by reading LRB. Therefcre, confirm the status
of SCL line by checking a status of port.

"= MST
"= TRX

H‘{}" _— MST LT LU,

i } o

"5 — BR o
"1 S PIN ¢— 475 (Min) _)V /—Start condition

SCL (Bus) Y

/
SCL pin A
)

-~

SDA pin

LRS T ; k‘

BB ! |

PiN l [

Figure 16-14 Timing Diagram when Restarting
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17. 10-Bit AD Converter (ADC)

The TMP856FS49FG have a 10-bit successive approximation type AD converter.

17.1 Configuration

The circuit configuration of the 10-bit AD converter is shown in Figure 17-1.

It consists of control registers ADCCR1 and ADCCR2, converted value registers ADCDR1 and ADCDR2, a DA
converter, a sample-and-hold circuit, 2 comparator, and a successive comparison circuit.

DA converter
VAREF D—:r—_l_ﬂ-——{i—m—w—— ——————————————— {7 vss
I _: R2 R R/2
AVDD [} o= Reference A
Analog input multiplexer _ Sample hold _ _ voitage
| circuit |
AtNoo [] A ™ S
AINO1 [] B ! ;/; t \i 2 110
1 I
I ] 7
5 Analog
comparator
ANA7 [——H __ . | Successive approximate circuit
SEN Shift clock INTADGC
4‘\ A Control circuit | >
T AA A
IREFON
saN|  |AiNDS y
sl 2 | 1a 8 ], [ocr]aoer
| AMD ACK ¥ V2 v v
[ abccr1 | [ apccrz || ADCDRt || APCDR2

AD cenverier control register 1,2 AD conversion result register 1,2

Figure 17-1 AD Converter (ADC)

17.2 Register Configuration

The AD converter consists of the following four registers:
= AD converter control register 1 (ADCCRI1)
+ AD converter control register 2 (ADCCR2)
» AD converted value register 1/2 (ADCDRI/ADCDR2)

17.2.1 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,.

17.2.2 AD converter control register 2 (ADCCR2)

This register selects the AD conversion time and controls the connection of the DA converter (Ladder resis-
tor network).

Page 207



17. 10-Bit AD Converter (ADC)

47.2 Register Configuration TMPB6FS49FG

TENTATIVE

17.2.3 AD converted value register (ADCDR1)

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

17.2.4 AD converted value register (ADCDR2) +

This register monitors the operating status of the AD converter.

The AD converter control register configurations are shown in as follows.

AD Converter Control Register 1

ADCCR1 7 6 5 4 3 2 1 o
{001CH) | ADRS | AMD | AINDS | SAIN (Initial value: D001 00OD)

0 -

ADRS AD conversion start 1: Start

00: AD operation disable
01; Software start mode
10: Reserved

11: Repeat mode

AMD AD cperating mode

0: Analog input enable

AIND i
INDS | Analog input controk 1: Analog input disable

0000: AINOO
0001: AINO1
0010: AINOZ
0011: AIND3 RW
0100: AINO4
0101: AINOS
0110: AINOG
0111: AINO7
1000: AIN10
1001 AINT1
1010: AIN12
1011: AIN13
1100: AIN14
1101: AIN15
1110: AIN1E
1111: AIN17

SAIN Analog input channel select

Note 1: Select analog input when AD converter stops (ADCDR2<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 precision for all of the pins. And port near to analog
input, do not input intense signaling of change.

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

MNote 5: Do not set ADRS (ADCCR1 bit7) newly again during AD conversion. Before setting ADRS newly again, check EQCF
(ADCDR bit5) to see that the conversion is completed or wait until the interrupt signal {{NTADC) is generated (e.g., inter-
rupt handling routine).

Mote 6: After STOP or SLOW mode is started, AD converter control register 1 (ADCCR 1) is all initialized.

Therefore, set the ADCCR1 newly again after exiting these modes.
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AD Converter Control Register 2

ADCCR2 7 B 5 4 3 2 1 0
(00TDH) I IREFON | “q” |_ ACK | ugr | (Initial value: *00 0000}
DA converter Inputting current to the ladder resistor
IREFON {Ladder resistor) 0: Connected only during AD conversion
connaction cantrol 1: Always connected
ACK C°"J:1;S'°" fo=16MHz | fo=8 MHz | fo=4MHz | fo=2 MHz
000 39/fc - - - 19.5 Us
001 . Reserved
010 78ifc - - 195us | 3sops | W
ACK | AD conversion time select ott 156/fc - 195s | 32.0Us | 780Us ‘
100 312fc 19.5 s 3v0Us | 78.0Us | 1560 s
101 624ffc 39.0 s 78.0us | 156.0 us -
110 1248ffc 78.0 |ls 156.0 Pis - -
1M Reserved
Note 1: Setlings for “~" in the above table are inhibited.
Note 2: Set conversion time by analog reference voltage (VAREF) as follows.
VAREF = 4.5 10 5.5 V (15.6 ps, or more)
VAREF = 3.0 t0 3.6 V (31.2 ps, or more)
Note 3: Always set bit 0 in ADCCR2 to “0" and set bit4 in ADCCR2 to “1”,
Note 4: When a read instruction for ADCCR2, bit6 to 7 in ADCCR2 read in as undefined data.
Note 5: fe: High-frequency clock [Hz]
Note 6: After STOP or SLOW mode is started, AD converter control register 2 (ADCCR2) is all initialized.
Therefore, set the ADCCR2 newly again after exiting these modes.
AD Conversion Result Register
ADCDR1 7 <] 5 4 3 2 1 4]
(001FH) | ADGS l ADO8 | ADO7 | ADOS ] ADOS | AD04 | ADO3 i ADO2 | (Initial value: DOOD 000%)
ADCDR2 7 6 5 4 3 2 1 0
(001EH) 1 ADO1 | ADOO | EOCF | ADBF | i | (Initial value: 0000 )
EOCE AD conversion end flag 0; Before o.r during conversion
1: Conversion completed Read
. 0: During stop of AD conversion only
ADBF AD conversion busy flag 1: During AD conversion

Note 1: The EQCF is cleared to “0” when reading the ADCDR1.
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 bit3 to 0 are unstable.
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17.3 AD Converter Operation

1. Setup the AD converter control register 1 (ADCCR1) as follows:

» Choose the channel to AD convert using AD input channel select (SAIN).

* Specify analog input enable for analog input control {(AINDS). _

* Specify AMD for the AD converter control operation mode (soi’tware or repeat mode).
2. Set up the AD converter control register 2 (ADCCR2) as follows:

= Set the AD conversion time using AD conversion time (ACK). For details on how to set the conver-
sion time, refer to Note 2 for AD) converter control register 2.

« Choose IREFON for DA converter control.

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

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

5. EOCEF is cleared to “0” by a read of the conversion result. However, if reconverted before a register read,
although EQCF is cleared the previous conversion result is retaimed until the next conversion is completed.

17.4 AD Converter Operation Modes

There are following two AD converter operation modes:
+ Software start: AD conversion is performed once by setting AMD to “01” and ADRS to %17,
+ Repeat mode: AD conversion is performed repeatedly by setting AMD to “11” and ADRS to “1”.

17.4.1 Software start mode

After setting AMD (ADCCRI bits 6, 5) to “01” (software start mode), set ADRS (ADCCR1 bit7) to “1”.
AD conversion of the voltage at the analog input pin specified by SAIN (ADCCRI bits 0 to 3) is thereby
started.

After completion of the AD conversion, the conversion result is stored in AD converted value registers
(ADCDR1, ADCDR2) and at the same time EOCF (ADCDR2 bit5) is set to 1, the AD conversion finished
interrupt (INTADC) is generated.

ADRS is automatically cleared after AD conversion has started. Do not set ADRS (ADCCRI1 bit7) newly
again (Restart) during AD conversion. Before setting ADRS newly again, check EOCF (ADCDR bit5) to see
that the conversion is completed or wait until the interrupt signal (INTADC) is generated (e.g., interrupt han-
dling routine).

ADRS I—\ r]
Convert operation i

F 3

ADCDRY indeterminate XFirst conversion result X Second conversion resuit

EQCF ___Jw—-_—l—

A ~

INTADC l—l ﬂ

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

Figure 17-2 Operation in Software Start Mode
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17.4.2 Repeat mode

AD conversion of the voltage at the analog input pin specified by SAIN (ADCCR1 bits 0 to 3) is performed
repeatedly. In this mode, AD conversion is started by setting ADRS (ADCCRI1 bit7) to “1” after setting AMD
{ADCCR]1 bits 5, 6) to “11™ .

After completion of the AD conversion, the conversion result is sfored in AD converted value registers
(ADCDR1, ADCDR2) and at the same time EOCF (ADCDR2 bit5) is set to 1, the AD conversion 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 AMD (ADCCR1 bits 5, 6) to “00” (Disable mode) by writing 0s. The AD convert operation is
stopped immediately. The converted value at this time is not stored in the AD converted value register.

AMD = 1 _1J AMD = 00
ADRS = 1 "]
A AD convert aperation
Convert suspended, It
operation First conversion X Second conversion ef Third conversion X Sonversian resaltis net
4 A
ADCDR1 Indeterminate X Figst conversion result XSecond conversion {eSLﬂtX Third conversion result

INTADC ﬂ ﬂ ﬂ

AD} conversion start EOCF cleared by reading AD conversion finished
conversion result

Figure 17-3 Operation in Repeat Mode

17.5 STOP and SLOW Modes during AD Conversion

When standby mode (STOP or SLOW mode) is entered forcibly during AD conversion, the AD convert operation
is suspended and the AD converier 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 standby mode.) When restored from standby mode, AD conversion is not
automatically restarted, so it is necessary to restart AD conversion. Note that since the analog reference voltage is
automatically disconnected, there is no possibility of current flowing into the analog reference voltage.
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17.6 Analog Input Voltage and AD Conversion Result

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

i AIN SELECT
LD (P6CRZ), 00000000B , PBCR2bit3 =0
LD (P6CR1), 000000003 i PBCR1bit3=0
LD (ADCCR1), 001000118 ; Select AIN3
LD (ADCCR2), 110110008 ; Select conversion time {312/fc) and operation mode
; AD CONVERT START
SET (ADCGCR1). 7 ; ADRS =1
SLOCP TEST (ADCDR2). & ECCF=17
JRS T, SLOCP
; RESULT DATA READ
LD A, (ADCDR2)
LD {9EH), A
LD A, (ADCDRT)
LD {9FH), A

The analog input voltage is corresponded to the 10-bit digital value converted by the AD as shown in Figure 17-4.

AD conversion result A

3FFH -

'I'

3FEH +

3FBH+

£t

03H +

02H -+

01H +

N ( VAREF ~-V35S5
} 3 L } 1 ! ] .

1 1 % P X
0 1 2 3 1021 1022 1023 1024 1024
Analog inpu voltage

Figure 17-4 Analog Input Voltage and AD Conversion Result (Typ.)
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17.7 Precautions about AD Converter

17.7.1 Analog input pin voltage range

Make sure the analog input pins (AINOO to AIN17) 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.

17.7.2 Analog input shared pins

The analog input pins (AINOO to AIN17) are shared with input/output ports. When using any of the analog
inputs to execute AD conversion, do not execute input/output instructions for all other ports. This is necessary
to prevent the accuracy of AD conversion from degrading. Not only these analog input shared pins, some other
pins may also be affected by noise arising from input/output to and from adjacent pins.

17.7.3 Noise countermeasure

The internal equivalent circuit of the analog input pins is shown in Figure 17-5. The higher the output
impedance of the atialog input source, more easily they are susceptible to noise. Therefore, make sure the out-

put impedance of the signal source in your design is 5 k() or less. Toshiba also recommends aftaching a capac-
itor external to the chip,

internal resistance Analod comparator
AINX % 5k (typ) g comparate
Intern;['capacitance — }
Allowable signal -
source impedance ; C=22pF (typ.) ; l

5 k2 (max)
Note) x = 17~00

DA converter

Figure 17-5 Analog Input Equivalent Circuit and Example of Input Pin Processing
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18. Key-on Wakeup (KWU)

In the TMP86FS49FG, the STOP mode must be released by not only STGP pin but also STOP( to STOP3 pins.
When the STOP mode is released by STOPO to STOP3 pins, the STOP pin needs to be used.

18.1 Configuration

STOP mede control INTS €— @ D STOP
S'[I'OP mode
release signal
{1: Release) D STOPO

{T] stopt
—{ ] stor2
1] stors

Wﬁﬁ

|

S|sS(S5{S

TIT{T T

STOPCR oo o |o
(OF9F) P|P|P [P
3(2[1fo0

Note: To use the Key-on Wake up function, corresponding shared [/Opins must be input mode. Refer to "I/O Poris" for defail.

Figure 18-1 STOP Mode Control Circuit

Naote 1: When the STOP mode is released by STOPO to 3 pin, the level of STOR pin should hold "L".

a) STOP by STOPO~3
STOP pin | STOP pin "L"
-«—— Release STOP mode
 Jepe———
STOP mode STOPO pin |

-«—— Release STOPmode
STOP mode

Note: STOP pin doesn't have the control register such as STOPCR, so when STOP mode is relesed by STOPx {(x: 0 to 3),
STOP pin should be used as STOP function.

18.2 Control

STOPO to STOP3 pins can be controlled by key-on wakeup control register (STOPCR). It can be configured as
enable/disable in 1-bit unit. When those pins are used for STOP mode release, configure corresponding I/O pins to
input mode beforehand.

STOP mode can be entered by setting up the system control register] (SYSCR1), and can be exited by detecting
the falling edge on STOPOQ to 3 pins, which are enabled by STOPCR, for releasing STOP mode (Note 1). Also, each
level of the STOPO to 3 can be confirmed by reading corresponding Port Data Register, check all STOPO to 3 pins
that is enabled by STOPCR before the STOP mode is started (Note 2).

Note 1: When the STOP mode release by edge mode (SYSCR1<RELM:> =*0"), inhibit input from STOPO to STOP3 or
must be set “1” level into STOPO to STOP3 pins.
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Note 2: When the STOP pin input is high or STOPC to STOP3 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).
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Key-on Wakeup Control Register

STOPCR 7 ] 5 4 3 2 1 0
(oFoFH} | svops | stopa [ sTop1 [ stopo | - 1 - 1 - 1 - i (niil value: 0000 ")
0: Disabl R
STOP3 STOP mode released by STOP3 pin sable )
1: Enable
STOP2 | STOP mode released by STOP2pin | O Disable
1: Enable Wite
— only
STOP1 | STOP mode refeased by STOP1 pin | O Disable
1: Enable
. 0: Disable
STOPO STOP mode released by STOPO pin 1 Enable
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19. Flash Memory

The TMP86F S49F G has built-in 60-Kbyte flash memory (addresses: 1000H to FFFFH). It the MCU mode and the

serial PROM mode, the write operations to the flash memory are controlled via the flash memory control register
(FLSCR).

19.1 Control

The flash memory is controlled via the flash memory control register (FLSCR).

Flash Memory Control Register K
7 6 5 4 3 2 1 0
FLSCR Yo
(OFFFH) FLSMD BANK- (Initial value : 1100 1**4)
SEL
1100: Disable flash memory write
FLSMD Flash memory write enable cantro] D011: Enable flash memory write
Others: Reserved R/W
BANKSEL Flash memory bank select control 0: Select BANKO(1000H-7FFFH)
(Serial PROM mode only) 1: Select BANK1(8000H-FFFFH)

Note 1: The flash memory can be written only when FLSMD="0011B". In other cases, any attempts to write to the flash memory
will be ineffective.

Note 2: FLSMPD must be set to either "1100B" or "0011B". Do not set these bits to any other values.

Noie 3: BANKSEL is effective only in the serial PROM mode. In the MCU mode, the flash memory is always accessed with actual
addresses at 1000H-FFFFH regardless of BANKSEL.

Note 4: Bits 2 to 0 in FLSCR are always read as undefined data.

19.2 Fiash Memory Write Enable Control (FLSCR<FLSMD>)

The flash memory can be protected from inadvertent write due to program error or microcontiroller misoperatiorn.
This write protection feature is realized by disabling flash memory write via the flash memory control register
{FLSCR). To write to the flash memory, set FLSCR<FLSMD> to "0011B". To disable flash memory write, sct
FLSCR<FLSMD> to "1100B". After reset, FLSCR<FLSMD> is initialized to "1100B" to enable the write protec-

tion feature. Normally, FLSCR<FLSMD?> should be set to "1100B" except when the flash memory needs to be writ-
ten.

19.3 Flash Memory Bank Select Control (FLSCR<BANKSEL>)

Im the serial PROM mode, a 2-Kbyte BOOT-ROM is mapped to addresses 7800H-7FFFH and the flash memory is
mapped into 2 banks at 8000H-FFFFH. Flash memory addressee 1000H-7FFFH are mapped to 9000H-FFFFH as
BANKO and flash memory addresses 8000H-FFFFH are mapped to 8000H-FFFFH as BANK1. FLSCR<BANK-
SEL> is used to switch between these banks. For example, to access flash memory address 7000H, set
FLSCR<BANKSEL> to "0" and then access FOOOH. To access flash memory address 9000H, set FLSCR<BANK-
SEL> to "1" and then access 9000H.

In the MCU mode, the flash memory is accessed with actual addresses at 1000H-FFFFH. In this case,
FLSCR<BANKSEL> is ineffective (i.e., its value has no effect on other operations).
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Table 19-1 Flash Memory Access

. FLSCR .
Operating Mode <BANKSEL> Access Area Specified Address
MCU mode Don't care 1000H~FFEFH
o
000H~7FFFH SO00H~FFFFH
{BANKO) ! FF
Serial PROM mode
1
(BANK1) 8000H~FFFFH

19.4 Accessing the Flash Memory Area

When the flash memory is to be written, Read and Fetch operations cannot be performed on the entire flash mem-
ory area. Therefore, to write to the flash memory, the flash memory writing mode or RAM loader mode of the serial
PROM mode is used. (For details about the flash memory writing mode, see "20. Serial PROM Mode".) It is also
possible to write to the flash memory by transferring a user write control program to the RAM area and executing it
there in the MCU mode. The flash memory can be written or read in units of 1 byte. Erase operations can be per-
formed either on the entire arca (60Kbytes) or in units of 4 Kbytes.

Read operations can be performed by a I-byte transfer instruction. However, the command sequence method is
adopted for Write and Erase operations, requiring several-byte transfer instructions for each operation.

19.5 Command Sequence

The MCU mode and the serial PROM mode have six types of command sequence (JEDEC compatible), as shown
ity Table 19-2. Addresses specified in each command sequence are identified with the low-order 12 bits (excluding
BA, SA, and FF7FH in Read-Protect). The high-order 4 bits are used to specify the flash memory area, as shown in

Table 19-3.

Table 19-2 Command Sequence

1st Bus Write 2nd Bus Wite 3rd Bus Write 4th Bus Write 5th Bus Write &th Bus Write
Command Cycle Cycle Cycle Cycle Cycle Cycle
Sequence
Add Data Add Data Add Data Add Data Add Data Add Data
BA Data
1 Byte-P 555H 55 555H AD - - - -
yte-Program AAH AAAH H H (Note 1) | (Note 1)
Secfor-Erase SA
80H 30H
2 (4-Kbyte Erase) 555H AAH AAAH 55H 565H 555H AAH AAAH 55H (Note 2)
Chip-Erase
3 555H AAH AAAH 55H 555H BOH 555H AAH AAAH 55H 555H 10H
{All Erase)
4 Product ID Enfry S56H AAH AAAH 55H 855H 90H - - - - - -
Product 1D Exit XXH FOH - - - - - - - - - -
5
Product ID Exit 555H AAH AAAH 55H 555H FoH - - - - - -
[ Read-Protect 555H AAH AAAH 55H 885H ASH FF7FH 00H - - - -

Note 1: Set the address and data to be written.
Note 2: The area to be erased is determined by the high-order 4 bits of the address.
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Table 19-3 Address Specification in Command Sequence

. FLSCR .
QOperating Mode <BANKSEL> Specified Address

MCU mode Deon't care 1"*“H~F**'H‘"
0

(BANKO) SUIH-FTH

Serial PROM mode

1

g H~F**H

(BANK1) H

19.5.1 Byte-Program

This command sequence programs the flash memory byte by byte. The address and data to be written are
specified in the 4th bus write cycle. Each byte can be programmed in approximately 30 ps. A next command
sequence cannot be executed until the Write operation has completed. To check for the completion of the Write
operation, perform Read operations repeatedly until the same data is read twice from the same address in the
flash memory. During the Write operation, any consecutive attempts to read from the same address will pro-
duce alternating "0"s and "1"s (toggling between 0 and 1) on bit 6 of the data.

19.5.2 Sector-Erase (4-Kbyte Erase)

This command sequence erases the flash memory in units of 4 Kbytes. The flash memory area to be erased is
specified by the high-order 4 bits of the 6th bus write cycle address. For example, in the MCU mode, to erase
4 Kbytes from 7000H to 7FFFH, specify one of the addresses in 7000H-7FFFH in the 6th bus write cycle. In
the serial PROM mode, to erase 4 Kbytes from 7000H to 7FFFH, set FLSCR<BANKSEL> to "0" and then
specify one of the addresses in FOOOH-FFFFH in the 6th bus write cycle. Sector-Erase is effective only in the
MCU mode and the serial PROM mode, and it cannot be used in the parallel PROM mode.

It takes approximately 15 ms to erase 4 Kbytes. A next command sequence cannot be executed until the
Erase operation has completed. To check for the completion of the Erase operation, perform Read operations
repeatedly until the same data is read twice from the same address in the flash memory. During the Erase oper-
ation, any consecutive attempts to read from the same address will produce alternating "0"s and "1"s (toggling
between 0 and 1) on bit 6 of the data. The Erase operation clears data to FFH.

19.5.3 Chip-Erase (All Erase)

This command sequence erases the entire flash memory in approximately 30 ms. A next command sequetice
cammot be executed until the Erase operation has completed. To check for the completion of the Erase opera-
tion, perform Read operations repeatedly until the same data is read twice from the same address in the flash
memory, During the Erase operation, any consecutive attempts to read from the same address will produce
altermating "0"s and "1"s {toggling between 0 and 1) on bit 6 of the data. After the chip has been erased, all
bytes contain FFH.

19.5.4 Product ID Entry

This command sequence activates the Product ID mode. It the Product ID mode, the vendor ID, the flash ID,
and the read protection status can be read from the flash memory.
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Table 19-4 Values To Be Read in the Product ID Mode

Address Meaning Read Value
0000H Vendor ID 9gH .
0001H Ftash macro ID 41H

0EH: 60 Kbytes
0BH: 48 Kbytes
07H: 32 Kbytes
0002H Flash size 05H: 24 Khytes
03H: 16 Kbytes
0fH: B Kbytes

00H: 4 Kbytes

FFH: Read protection OFF
FF7FH Read protection status

Other than FFH: Read protection ON

Note: The value at address 0002H (Flash size) is determined by the size of flash memory incorporated in each product. For
example, if the product has 60-Kbyte flash memory, "0EH" is read from address 0002H.

19.5.5 Product ID Exit

This command sequence is used to exit the Product ID mode.

19.5.6 Read-Protect

This command sequence enables the read protection setting on the flash memory. When read protection is
enabled, the flash memory cannot be read in the parallel PROM mode. In the serial PROM mode, the flash
write and RAM loader commands cannot be executed.

To enable the read protection setting in the serial PROM mode, set FLSCR<BANKSEL> to "1" before exe-
cuting the Read-Protect command sequence. To disable the read protection setting, it is necessary to execute
the Chip-Frase command sequence. Whether or not read protection is enabled can be checked by reading
FF7FH in the Product ID mode. For details, see Table 19-4.

It takes approximately 30 s to set read protection on the flash memory. A next command sequence cannot
be executed until this operation has completed. To check for the completion of the Read-Protect operation, per-
form Read operations repeatedly until the same data is read twice from the same address in the flash memory.
During the Read-Protect operation, any attempts to read from the same address will produce alternating "0"s
and "1"s (toggling between 0 and 1) on bit 6 of the data.

19.6 Toggle Bit (D6)

After the Byte-Program, Sector-Erase, Chip-Erase, or Read-Protect command sequence is executed, any consecu-
tive attempts to read from the same address will produce alternating "0"s and "1"s (toggling between 0 and 1) on bit
6 (D6) of the data until the corresponding operation has completed. Thus, this Toggle Bit provides a software mech-
anism to check for the completion of each operation. After the Byte-Program, Sector-Erase, Chip-Erase, or Read-
Protect command sequence is executed, perform Read operations repeatedly until the same data is read twice from
the same address in the flash memory. The initial read of the Toggle Bit will always produce a "1".
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19.7 Writing to the Flash Memory

To write to the flash memory, a write control program should be transferred to the RAM area and executed there
using the RAM loader mode in the serial PROM mode. It is also possible to write to the flash memory by transfer-
rinig a user write control program to the RAM area and executing it there in the MCU mode. The procedures for writ-
ing to the flash memory by these methods are explained below.

Note 1: Before writing to the flash memory via the RAM area, be sure to disable interrupts by setling the interrupt master
enable flag (IMF) to "0". This is normally done by executing a DI instruction at the head of the write control pro-
gram to be executed in the RAM area.

Note 2: When wriling to the flash memory, do not intentionally use non-maskable interrupts (the watchdog timer must be
disabled if it is used). If a non-maskable interrupt occurs while the flash mermory is being written, unexpected data
will be read from the flash memory (interrupt vector) and this may cause the microcontroller to misoperate.

19.7.1 How to write to the flash memory by executing a write control program in the RAM
area (RAM loader mode in the serial PROM mode)

(Steps 1 and 2 are controlled by the BOOT-ROM, and steps 3 through 10 are controlled by the write control
program executed in the RAM area.)

Transfer a write control program to the RAM area by using the RAM loader mode.
Jump to the RAM area.

Disable (DI) the interrupt master enable flag (IMF«"0").

Set FLSCR<FLSMD:> to "0011B" (to enable flash memory write).

Execute the Chip-Erase or Sector-Erase command sequence.

S

Read the same flash memory address twice.

(Repeat step 6 until the same data is read by two consecutive reads.)
Specify the bank to be written in FLSCR<BANKSEL>.
8. Execute the Byte-Program command sequence.

=

9, Read the same flash memory address twice.
{Repeat step 9 until the same data is read by two consecutive reads.)

10. Set FLSCR<FLSMD:> to "1100B" (to disable flash memory write).

Note: In the case of using the RAM loader mode, the watchdog timer is disabled by the BOOT-ROM. It is therefore
not necessary to disable the watchdog timer in the RAM loader program.
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Example ;This write control program executes Chip-Erase and then writes data 3FH to address FOOOH.

Dl

LB

LD

LD

LD

; Disable interrupts [IMF ¢<"0"
(FLSCR),0011_1000B ; Enable flash memoery write.
IX,0F555H
1Y, 0FAAAH

HL,0F000H

; #4544 Flash Memory Chip-Erase Process #HHH

sLOOP1:

LD

LD

LD

LD

LB

LD

LD

CMP

JR

SET

(I1X),0AAH ; 1st Bus Wite Cycle

(1Y),55H ; 2nd Bus Write Cycle

(1X),60H ; 3rd Bus Write Cycle

(IX),0AAH ; 4th Bus Write Cycle

{I¥},55H ; 5th Bus Wite Cycle

{1X),10H ; 6th Bus Wiite Cycle

WI{IX}

WYy

NZ,sLOQP1 ; Loop until the same value is read.
(FLSCR).3 ; Set BANK1.

; #HHHE Flash Memory Byte-Program Process ##HH

sLOGP2:

sLOOP3:

LD

LD

LD

LD

LD

CMP

JR

LD

JP

{[X),08AH 1 1st Bus Write Cycle

{IY},55H ; 2nd Bus Wiite Cycle

(13,0A0H 3 3rd Bus Write Cycle

(HL),3FH ; 4th Bus White Cycle, (FOOOH)=3FH
W, (HL)

W(HL)

NZ,sLOOP2 ; Loop until the same value is read.
(FLSCR),1100_10008 ; Disable flash memory write.
sLOOP3

19.7.2 How to write to the flash memory by executing a user write control program in the
RAM area (MCU mode)

{Steps 1 and 2 are controfled by a program on the flash memory, and steps 3 through 11 are controlled by the
write control program executed in the RAM area.)

A G o L

Transfer a write control program to the RAM area.

Jump to the RAM area.

Disable (DJ) the interrupt master enable flag (IMF<"0").

Disable the watchdog timer if it is used.

Set FLSCR<FLSMD> to "0011B" (to enable flash memory write).
Execute the Chip-Erase or Sector-Erase command sequence.

Read the same flash memory address twice,
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{Repeat step 7 until the same data is read by two consecutive reads.)
8. Execute the Byte-Program command sequence. (There is no need to specify the bank to be written.)
9. Read the same flash memory address twice.

(Repeat step 9 until the same data is read by two consecutive reads.)
10. Set FLSCR<FLSMD=> fo "1100B" (to disable flash memory vf"rite).
11. Jump to the flash area,

Example :This write control program executes Sector-Erase (1000H~1FFFH) and then writes data 3FH to
address 1000H.

DI ; Disable interrupts (IMF«"0")

LD {(WDTCR2),4EH ; Clear the WDT binary counter. E
LDwW (WDTCR1),0B8101H ; Disable the WDT.

LD (FLSCR),0011_1000B ; Enable flash memory write,

LD 1X,0F555H

LD IY,0FAAAH

LD HL,1000H

; ##iH Flash Memory Sector-Erase Process HEH

LD (1X),04AH ; 1st Bus Wite Cycle
LD (I¥),55H ; 2nd Bus Write Cycle
LD {IX),80H ; 3rd Bus Wite Cyde
LD {IX},0AAH ; 4th Bus Wite Cycle
LD {IY},56H ; 5th Bus Wite Cycle
LD (ML),30H ; 6th Bus Wite Cycle
sLOOP1: LD WIX)
CMP W(IY)
JR NZ,sLOOP1 ; Loop unfil the same value is read.

1 ##HH# Flash Memory Byle-Program Pracess ##HH#

LD (1X),08AH ; 1st Bus Write Cycle

LD (IY),55H ; 2nd Bus Wite Cycle

LD {IX},0A0H ; 3rd Bus Wite Cycle

LD {HL),3FH ; 4th Bus Write Cycle, (1000H)=3FH
sLOOPZ: LD W (HL)

CMP W (HL)

JR NZ,sLO0OP2 ; Loop until the same value is read.

LD (FLSCR),1100_1000B : Disable flash memory write.

Jp 8000H ; Jump to the flash area.
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20. Serial PROM Mode

20.1 Outline )

The TMP86FS49FG has a boot-ROM for programming to flash memory. This boot-ROM is a2 mask ROM that
contains a program to write the flash memory on-board. The boot-ROM is available in a serial PROM mode and it is
controlled by TEST pin, BOOT pin and RESET pin, and is communicated with UART, There are 7 operation modes
in a serial PROM mode: Flash memory writing mode, RAM loader mode, Flash memory SUM output mode, Product
discrimination code output mode, Flash memory status output mode, Flash memory erasing mode and Read protec-
tion setting mode. Operating area of serial PROM mode differs from that of MCU mode. The operating area of serial
PROM mode shows in " Table 20-1 Operating Area of Serial PROM Mode ",

Table 20-1 Operating Area of Serial PROM Mode

Parameter Min Max Unit
Operating voliage 4.5 55 v
High frequency {Note) 2 18 MH=z

Note: Even though included in above operating area, part of frequency can not be supported in serial PROM mode. For details,
refer to " Table 20-4 Operating Freguency and Baud Rate in Serial PROM Mcde " on Page 231.

20.2 Memory Mapping

The Figure 20-1 shows 2 memory mapping of Serial PROM mode.

In serial PROM mode, the BOOT-ROM (Mask ROM)} is mapped in address 7800H to 7FFFH and then the Flash
memory is mapped to divide into two banks. Therefore, when the RAM loader mode (60H) is used, it is necessary to
specify Flash memory address according to Figure 20-1 ( For detail of banks and control register, reffer to the chap-
ter of "Flash memory control register™.)

However, when the Flash writing mode (30H) is used, it is necessary to specify Flash memory address from
10001 to FFFFH mode (the same mapping as MCU mode) because BOOT-ROM changes the Flash memory

address.
0000H
SFR [ onel;FH 64 bytes
0040H
RAM [ : 2048 bytes
DB3FH
¢ OF8OH |
BBR] ! 128 bytes
N OFIéFH I

# TBO0H hemeer

Boot-RONW

32768 hyles
25672 hytes {BANK)??
{BANKD)

Flash memory

Figure 20-1 Memory Address Maps
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20.3 Serial PROM Mode Setting

20.3.1 Serial PROM Mode Control Pins

To execute on-board programming, start the TMP86FS49FG in serial PROM mode. Seiting of a serial
PROM mode is shown in Table 20-2.

Table 20-2 Serial PROM Mode Setting

Pin Sefting
TEST pin High
BOOT/RXD1 pin High

RESET pin J_

Note: BOOT pin is RXD1 pin during a serial PROM mode.

20.3.2 Pin Function

In the serial PROM meode, TXD1 (P02) and RXD1 (P01} pins are used as a setial interface pin.

Pin Name Input/ Function Pin Name
(Serial PROM Mode) Output (MCU Mode)
TXD1 Output Serial data output P02
BOOT/RXD1 Input Serial PROM mode control/Serial data input {Note 1) P01
RESET Input Serial PROM mode centrol RESET
TEST Input Fixed to "High" TEST
VDD, AvDD 45Vio 55V
V5SS Power iy
Supply
VAREF Input reference voltage or open.
POD , P03 10 POY
P10 {0 P17
P20 fo P22
P30 to P37 o
ljs} Placed in High-Z state during serial PROM mode.
P4D to P47
P50 1o P54
P&0 to P&7
P70 to P77
XIN Input Resonator connecting pins for high-frequency clack. (Note 2)
XOUT Output For inputting extemnal clock, XIN is used and XOUT is cpened.,

Noie 1: When the device is used as on-board writing and other parts are already mounted in place, be careful no to affect these
communication contrel pins,

Noie 2: Operating area of high frequency in serlal PROM maode is from 2 MHz 1o 16 MHz.

To set a serial PROM mode, connect device pins as shown in Figure 20-2.
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TMP8GFS49 VDD(4.5 V10 55V)
VDD |
AVDD €
VEREF le——1
TEST o> Sarial PROM mode
o MCU mode

GND

L1

]

=

XIN

XouTt
VS5

77

BOOT/RXD1(PO) {€—T—
TXD1(PO2) T > Externat control
RESET j€——

¥ : pull-up

Figure 20-2 Serial PROM Mode Port Setting

20.3.3 Activating Serial PROM Mode

The following is a procedure of setting of serial PROM mode. " Figure 20-3 Serial PROM Mode Timing "
shows a serial PROM mode timing.

. Turn on the power to the VDD pin.
. Set the RESET pin to low level.
. Set the TEST pin to higﬁ level and pulled-up the BOOT/RXD]1 pin.

. Release the RESET. (Set to high level)

1
2
3
4. Wait until the power supply and clock sufficiently stabilize.
5
6

. Input a matching data (5AH) to BOOT/RXD1 pin after waiting for sefup sequence. For details of the
setup timing, refer to " 20.15 UART Timing " on Page 250 .

VDD
TEST{nput}

RESET{input)

i
'
1
]
]
]
|
]
]
i
i
]
i
t
3
t
T
§
b

PROGRAM

BOOT/RXDA {inpus

Serial PROM mode

Setup time for serial PROM mode(Rxsup; i

h .
v

—
' Matching data
input

Figure 20-3 Serial PROM Mode Timing
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20.4 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 20-3. The
Table 20-4 shows an operating frequency and baud rate in serial PROM mode. Except frequency which is not
described in Table 20-4 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 20-3 Baud Rate Modification Data

Baud rate modification data 04H 05H 06H 07H 0AH 18H 28H

Baud rate {bps} 76800 62500 57600 38400 31250 19200 9600
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Table 20-4 Operating Frequency and Baud Rate in Serial PROM Mode

Above number indicates a transmission number of times of matching data tilt transmission of echo back data.

Raereni::';w Rate 76800 62500 57600 38400 31250 18200 8600
(Note 3 Baud Rat;:f:diﬁcaﬂ"” 04H 05H 06H o7H DAH 18H 28H
Ref. Fre- Area Baud
quency (MH2) rate (%) | {bps) | (%) | {bps) | (%) [ (bps) | (%) | (bps) | (%} | (bps) | (%) [ (bps) | (%)
(MHz) (bps)
1 2 1.91~2.10 - - - - - - - - - - - - 9615 | +0.16
4 3.82~4.19 - - - - - - - - 31250 | 0.00 | 19231 | +0.16 | 9615 | +D.16
z 419 3.82~4.19 - - - - - - - - 32734 | +4.75 | 20144 | +4.82 | 10072 | +4.92
4.9152 4.70~5.16 - - - - - - 38400 | 0.00 - - 18200 | 0.00 | 9800 | 0.00
® 5 4.70~5,16 - - - - - - 39063 | +1.73 - - 195311 +1.73 | 9766 | +1.73
6 5.87~6.45 - - - - - - - - - - - - 9375 | -2.34
* 5.144 5.87~6.45 - - - - - - - - - - - - 9600 | 0.00
5 7.3728 7.05~7.74 - - - 57600 | 0.00 - - - - 19200 | 0.00 | 9500 | ©.00
6 B 7.64~8.39 - - 62500 | 0.00 - - 38462  +0.16 | 31250 | 0.00 | 19231 | +0.16 | 9615 | +0.16
9,8304 9.40~10.32 | 76800 | 0.00 - - - - 38400  0.00 - - 19200 | 0.00 | 9600 | 0,00
7 10 9.40~10.32 | 78125 +1.73 - - - - 39063 [ +1.73 - - 10531 | +1.73 | 9766 | +#1.73
12 11,75~12,90 - - - - 57692 | +0.16 - - 31250 | 0.00 | 18750 | -2.34 | 9375 | -2.34
8 12.288 11.75~12.90 - - - - 59077 | +2.56 - - 32000 | +2.40 | 18200 | 0.00 9600 0.00
12.5 11,75~12,90 - - 60095 | -3.85 | 60096 | +4.33 - - 30048 | -3.85 [ 18531 +1.73 | 97668 | +1.73
9 14.7456 14.10~15.48 - - - - 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 | 15231 | +0.16 | 9615 | +0.16
Note 1; "Ref.Frequency” and “Area” show the high frequency area supported in serial PROM mode. Except the 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 frequency must be kept within +/-3% so that the auto-detection of frequency is executed correctly.
Note 3: An external controller should fransmit a matching data repeatedly fill the TMP86FS49F G transmit an echo back data.
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20.5 Command

There are eight commands in serial PROM mode. After reset release, the TMP86FS49FG waits a matching data
(5AH).

Table 20-5 Command in Serial PROM Mode

Command Data Operation Mode Remarks
5AH Sefup Matching data. Always start with this command after reset release.
30H Flash memory writing Wiriting to area from 1000H to FFFFH is enable.
60H RAM loader Witing to area from 0050H fo 082FH is enable.
90H Flash memory SUM output The checksum of en:firteh Zaj:p::e:yirzn;;tuh?mc; f:;ZH) is output in order
CoH Product discrimination code output Product discrimination code, that is expressed by 13 bytes data, is output.
caH Flash memory status output The status of read protect::yrle in:afi:s:' r:zr;t;rithose are expressed by 7
FOH Flash memory erasing Erasing from 1000H to FFFFH is enable.
FAH Read protection setting Setting a read protection.

20.6 Operation Mode

There are seven operating modes in serial PROM mode: Flash memory writing mode, RAM loader mode, Flash
memory SUM output mode, Product discrimination code output mode, Flash memory status output mode, Flash
memory erasing mode and Read protection setting mode. For details about these modes, refer to “(1) Flash memory
writing mode” through “(7) Read protection setting mode”.

1. 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).

If no errors are encountered till the end record, the SUM of 60 Kbytes of flash memory is calculated and
the result is returned to the controller.

When the read protection is enabled, the flash memory writting mode can not execute. Therefore, excute
chip erase (erasing of all flash area} of the flash memory erasing mode for releasing the read protection
beforehand.

To execute the flash memory writing mode, the TMP86F3849FG checks the passwords except a blank
product. If the passwords did not match, the program is not executed.

Note : Before writing data, the flash memory should be erased.

2. RAM loader mode

The RAM loader transfers the data into the internal RAM that has been sent from the controller in Intel
Hex format. When the transfer has terminated normally, the RAM loader calculates the SUM and sends the
result to the controller before it starts executing the user program. After sending of SUM, the program
jumps to the start address of RAM in which the first transferred data has been written. This RAM loader
function provides the user’s own way to cotitrol on-board programming.

When the read protection is enabled, the RAM loader mode can not execute. Therefore, execute chip erase
(erasing of all flash area) of the flash memory erasing mode for releasing the read protection beforehand.

To execute the RAM loader mode, the TMP86FS49F G checks the passwords except a blank product. If
the passwords did not match, the program is not executed.

3. Flash memory SUM output mode
The SUM of 60 Kbytes of flash memory is calculated and the result is returned to the controller.
The boot ROM does not support the reading function of the flash memory. Instead, it has this SUM com-
mand to use. By reading the SUM, it is possible to manage Revisions of application programs.
4. Product discrimination code output mode
The product discrimination code is output as a 13-byte data, that includes the start address and the end
address of ROM (I case of TMP86FS49FG, the start address is 1000H and the end address is FFFFH).
Therefore, the controller can recognize the device information by using this function.
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5. Flash memory status output mode
The status of an area from FFEOH to FFFFH and a read protection are output. Those are expressed by 7
bytes data. Therefore, the controller can recognize the flash memory status.

6. Flash memory erasing mode
The flash memory can be erased by chip erase (erasing of all flash arca) or sector erase (erasing of 4Kbyte
units). The data of an erased area is filled with FFH. *
The read protection is released by executing chip erase.
To execute the flash memory erasing mode, the TMP86FS49F G checks the passwords except a blank prod-
uct. If the password did not match, the erasing is not executed.

7. Read protection setting mode
Disable the reading data from flash memory in parallel mode. And in serial PROM mode, the flash memory
writing mode and RAM loader mode are disabled, too. To release read protection, execute chip erase by the
flash memory erasing mode.

20.6.1 Flash Writing Mode (Operation command: 30H)

Table 20-6 shows flash memory writing mode process.

Table 20-6 Flash Writing Mode Process

Number of Bytes Transfer Data from External Controller Baud Rate Transfer Data from TMPB6FS49FG to
Transferred to TMPBEFS$49FG External Controller
. - (Baud rate auto set)
800
21:; Zy;tee Matching data (SAh) : w00 :p‘: OK: Echo back data {SAH)
P Error: Nothing transmittsd
3rd byte Baud rate modification data 9600 bps )
4th byte (ee Table 20-3) 9500 bps OK: Echo back data
Y " Emror: ATH x 3, A3H x 3, 62H x 3 {Note 1)
e | oommencomanican @ | e | ootk ana i
4 ) 9 Error; ATH ¥ 3, A3H x 3, 63H x 3 (Note 1}
e | e | et | oo s
¥ assword count (Note 4} g Error: Mething transmitted
bR Biiimivatll Il oo rowill IR LT o
v " g Error: Nothing transmitted
s | e | Ao i onet | Qe | oo s
ROM ¥ p 9 Error; Nothing transmitted
ool Eeootitsisttivill Il cessotootemtedl IR Yo
¥ P 9 Error: Nothing transmitted)
15th byte Password string (Note 5) Changed new baud rate B
. ; OK: Nothing transmitted
n'th byte - Changed new baud rate Error: Nothing transmitted
mth + 1 byte X
: fntel Hex;;ol;m;t (binary} Changed new baud rate -
Mth - 2 byte (Note 2)
5 OK: SUM (High) (Note 3)
n’th - 1 byte - Changed new baud rate Error: Nothing transmitted
. OK: S5UM (Low) (Note 3)
n'th byte - Changed new baud rate Error: Nothing transmitted
n'th + 1 byte (Wait :Z:;::fdﬁ:;atmn) Changed new baud rate -

Note 1: “xxH = 3" denotes that operation stops after sending 3 byles of xxH. For details, refer to * 20.7 Error Code " on Page 242.
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Note 2: Refer to ™ 20.9 Intel Hex Format (Binary) " on Page 244 |

Note 3: Refer to ™" 20.8 Checksum (SUM) " on Page 242 .

Note 4: Refer to *" 20.10 Passwords " on Page 244 .

Note 5: If all data of addresses from FFEQH to FFFFH are “00H" or “FFH”", the passwords comparisen 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 itis a biank product. If a password error oceurs, the UART function of
TMP8BFS49FG stops without returning error code to the controller. Thereforé when a password error occurs, the
TMP8GFS49FG should be reset by RESET pin input.

Note 6: If the detecting a read protection or occuring a password error, the UART function of TMP8BFS49FG stops without refurn-
ing error code to the controller.

Note 7: If the error occurs during transferring a password address or a password string, the UART function of TMP86FS49FG
stops without returning error code to the controller.

Description of flash memory writing mode

1. The receive data in the 1st byte is the matching data. When the boot program starts in serial PROM
mode, This device waits for the matching data (SAH) to receive. Upon receiving the matching data, it
automatically adjusts the UART’s initial baud rate to 9,600bps.

2. When the device has received the matching data, the device transmits the data “SAH” 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 transmits the echo back data. An external
controller should iransmit 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 20-4,

3. The receive data in the 3rd byte is the baud rate modification data. The seven kinds of baud rate mod-
ification data shown in Table 20-3 are available. Even if baud rate changing is no need, be sure to
send the initial baud rate data (28H: 9,600 bps).

4. When the 3rd byte data is one of the baud rate modification data corresponding to the device's operat-
ing frequency, the device sends the echo back data which is the same as received baud rate modifica-
tion 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.

5. The receive data in the Sth byte is the command data (30H) to write the flash memory.

6. When the 5th byte is one of the operation command data shown in Table 20-52, 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 cotrespond to the operation command data, the device stops UART function after
sending 3 bytes of operation command etror code: (63H).

7. 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 occurs, the device does not sent any data and UART function.

8. 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 occurs, the device does not sent any data and UART function.

9. The 11th byte 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 occurs, the device does not sent any data and UART function.

10. 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 occurs, the device does not sent any data and UART function.

11. The 15th through the m’th bytes are the password data. The number of passwords is the data (N) indi-
cated by the password count storage address. The password data are compared for N entries begin-
ning 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 com-
parison of passwords is not executed because the device is considered as a blank product.

12. 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 back to the controller. The data which is not the start mark (3AH for “:™)
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 device receives the data record, that con-
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sists 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 tempo-
rarily stored to RAM arnd then, is written to specified flash memory. Since after receiving an end
record, the device starts to calculate the SUM, the controller should wait the SUM after sending the
end record. [f receive error or Intel Hex format error occurs, the device stops UART function without
returning error code to the controller. =

13, The n’th - 1 and the n’th bytes are the SUM value that is sent to the controfler in order of the upper
byte and the lower byte. For details on how to calculate the SUM, refer to “" 20.8 Checksum (SUM) "
on Page 242. 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 60 Kbytes of flash memory area is approximately 500 ms at fc = 16 MHz. After the
SUM calculation, the device sends the SUM data to the controller. After sending the end record, the
controller can judge that the transmission has been terminated correctly by receiving the checksum.

14. After sending the SUM, the device waits for the next operation command data.

Note: Do not write only the address from FFEOH to FFFFH when all data of flash memcry are the same data. If
these area are only written, the next operation can not be executed because of password error.

20.6.2 RAM Loader Mode (Operation Command: 60H)

Table 20-7 shows RAM loader mode process.
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Table 20-7 RAM Loader Mode Process
Number of Bytes Transfer Data from Externat Control- Baud Rate Transfer Data from TMP88FS49FG fo
Transfered ler to TMP86FS49FG External Controller
. * - {Baud rate auto sef}
1st b 9600 b
2: p by;; Matching fata (5AR) o500 b": OK: Echo back data (5AH)
P Error: Nothing transmitted
Baud rate modification data -
3rd b 9600
yte (Ses " 20.3 Serial PROM Mode Set- bps
ting " on Page 228) OK: Eche back data
4t byte - 9600 bps Error; ATH x 3, A3H x 3, 62H = 3 (Note 1)
5 ) -
e | om0 | hwamnm | o e e )
4 g Error: ATH x 3, A3H x 3, 63H « 3 (Note 1)
e | oo | Grosiren e | o g et
g Error: Nothing transmitted
9th hyte Address 07 fo 00 in which to store Changed new baud rat i
10th l;{tte Passwor:; cmljl:uw (l':lcote 4) Changed new bazd rat: OK: Nothing transmitied
4 9 Errar: Nothing transmitted
Boot
M 11th byt in whi d )
| e | skotnmenset | ot | o o et
¥ rd comparison 9 Errar: Nathing transmitted
3 - . -
o | Aamcompueo | gweretmane | oo
Y par g Error: Nothing transmitted
15th byte Password string (Note 5) Changed new baud rate )
; OK: Nothing transmitted
'th br - Chi d baud rat
m'th byte anged new baud rate Error: Nothing transmitted
th+1b
m . vie Inte! Hex format (Binary)
: (Note 2) Changed new baud rate -
n'th -~ 2 byte
. OK: SUM (High) (Note 3}
n'th - 1 byte N Changed new baud rate Error: Nothing transmitted
OK: SUM (Low) (Note 3)
nih b - Ch d baud rat
vie anged new baud rate Error: Nothing transmitted
RAM - The program jumps to the start address of RAM in which the first transfemred data has been written,

Note 1: “oH x 3" denotes that operation stops after sending 3 bytes of xxH. For details, refer to " 20.7 Error Code " on Page 242.
Note 2: Refer to " 20.9 Intel Hex Format (Binary) " on Page 244 .

Note 3: Refer to " 20.8 Checksum (SUM) " on Page 242 .

Note 4: Refer to " 20.10 Passwords " on Page 244 .

Note 5: If all data of addresses from FFEQH to FFFFH are “00H" or “FFH”, the passwords comparison is not executed because the

device is considered as btank 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 oceurs, the UART function of
TMPB6FS49FG stops without returning error code to the confroller, Therefore, when a password error aceurs, the
TMP86FS49FG should be reset by RESET pin input.

Note 6: If the detecting a read protection or occurring a password error, the UART function of TMP86FS49FG stops without

returning ermror code to the controller.

Note 7: If the error occurs during transferring a password address or a password siring, the UART function of TMP86FS49FG

stops without returning error code fo the controller.

Description of RAM loader mode

The process of the 1st byte through the 4th byte are the same as flash memory writing mode.

2. The receive data in the 5th byte is the RAM loader command data (60H) to write the user’s program
to RAM.

3. When the 5th byte is one of the operation command data shown in Table 20-5, the device sends the
echo back data which is the same as received operation command data (in this case, 60H). If the 5th
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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 process of the 7th byte through the m’th byte are the same as flash memory writing mode.

5. The receive data in the m’th + 1 through n'th - 2byte are received as binary data in Intel Hex format.
No received data are echoed back to the controller. .
The data which is not the start mark (3AH for “:”) in Intel Hex format is ignored and does not send an
error code to the controller until the device receives the start mark. Afier 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 written to specified RAM by the receiving data. Since after receiving
an end record, the device starts to calculate the SUM, the controller should wait the SUM after send-
ing the end record. If receive error or Intel Hex format error occurs, the UART function of
TMPB6FS49FG stops without returning error code to the controller.

6. 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 om how fo calculate the SUM, refer to " 20.8 Checksum (SUM) "
on Page 242, 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 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.

7. The boot program jumps to the first address that is received as data in Intel Hex format after sending
the SUM to the controller.

20.6.3 Flash Memory SUM Output Mode (Operation Command: 90H)

Table 20-8 shows flash memory SUM output mode process.

Table 20-8 Flash Memory SUM OQutput Process

Number of Bytes Transfer Data from External Control- Baud Rate Transfer Data from TMPBEFS49FG to
Transferred ler to TMPBEFS49FG Extermnal Contreller
. - (Baud rate auto sef)
; ns; bby;te; Matching data (5AH) Zggg ‘;P: OK: Echa back data (5AH)
P Error: Nothing transmitted
3rd byte Baud rate modification data 9600 bps B
4h byte (See Table 20-3) 6800 bos OK: Echo back data
P Ermor: ATH x 3, A3H x 3, B2H x 3 (Note 1)
Boot 5th b i 0 d new baud rate )
ROM ot Operation command data (S0H) | Changed hew haud rate OK: Esho back data (90H)
g Error: ATH x 3, A3H x 3, 63H x 3 (Note 1)
OK: SUM (High) {Note 2)
Tih byte - Changed new baud rate Error: Nothing transmitted
OK: SUM (Low) (Note 2)
Bth byte N Changed new baud rate Eror: Nothing transmitted
{Wait for the next operation)
Sth byte (Command data) Changed new baud rate

Note 1: “xH x 3” denotes that operation stops after sending 3 bytes of xxH. For details, refer to " 20.7 Error Code * on Page 242 .
Note 2: Refer to *' 20.8 Checksum {SUM) " on Page 242.

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. The receive data in the 5th byte is the flash memoery SUM command data (90H) to calculate the entire
flash memory.

3. When the 5th byte is one of the operation command data shown in Table 20-5, the device sends the
echo back data which is the same as received operation command data (in this case, 90H). If the 5th
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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 the 8th 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 “" 20.8 Checksum (SUM) " on
Page 242.

5. After sending the SUM, the device waits for the next operatioﬁ command data.

20.6.4 Product Discrimination Code Output Mode (Operation Command: COH)

Table 20-9 shows product discrimination code output mode process.

Table 20-9 Product Discrimination Code Output Process

Number of Bytes Transfer Data from External Controller Baud Rate Transfer Data from TMP86FS48FG fo
Transferred 1o TMP8E6FS49FG External Controller
. - (Baud rate auto set)
8600 by
;:; i;yt; Matching data (SAH) 0500 bp: OK: Echo back data (5AH)
Y P Error: Nothing transmitted
" 3rd byte Baud rate modification data 9600 bps i
4th byte (Bee Table 20-9) 9600 bps OK: Echo back data
4 P Error: ATH x 3, A3H x 3, 62H x 3 {Note 1)
i d 0 hanged new b N
:m Ey:: Operation command data (COH) gh::ged ::x bau: ra:: OK: Echo back data (COH)
4 B ge aud e Error: ATH x 3, A3H x 3, 83H x 3 (Note 1)
7th byte Changed new baud rate 3AH Start mark
The number of transfer data
8f Ch d baud rat 0
th byte anged new baud rate AH (from 9th o 18th byte)
Sth byte Changed new baud rate 0zH Length of address (2 bytes)
Boot 10th byte Changed new baud rate 1DH Reserved data
ROM 11th byte Changed new baud rate 00H Reserved data
12th byte Changed new baud rate DOH Reserved data,
13th byte Changed new baud rate 00H Reserved data
The number of ROM block
14th byte Changed new baud rate 01H (1 block)
t5th byte Changed new baud rate 10H First address of ROM
16th byte Changed new baud rate 00H
17th hyte Changed new baud rate FFH End address of ROM
18th byte Changed new baud rate FFH
Checksum of transferred data
d
19th hyte Changed new baud rate D2H (from 8th to 18th byte)
{Wait for the next operation)
20th b -
yte (Command data) Changed new baud rate

Note: “xxH x 3" denotes that operation stops after sending 3 bytes of xxH. For details, refer to * 20.7 Error Code " on Page 242 .

Description of product discrimination code output mode

1. The process of the 1st byte through the 4th byte are the same as flash memory writing mode.

2. The receive data in the 5th byte is the product discrimination code output command data (COH).

3. When the 5th byte is one of the operation command data shown in " 20.5 Command ", 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 func-
tion after sending 3 bytes of operation command error code: (63H).
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4. The bytes from the 9th to 19th are the product discrimination code. For details, refer to " 20.11 Prod-
uct Discrimination Code " on Page 246 .

5. After sending the SUM, the device waits for the next operation command data.

20.6.5 Flash Memory Status Output Mode (Operation Command : C3H)

Table 20-10 shows Flash memory status output mode process.

Table 20-10 Flash Memory Status Output Process

Number of Bytes Transfer Data from Extemal Con- Baud Rate Transfer Data from TMP86FS49FG to Exter-
Transferred troller to TMPA6FS49FG nal Controller
El
1st byte Matching data (SAH) 9600 bps - (Baud rate auto set)
2nd byte - 9600 bps OK: Eche back data (5AH)
Error: Nething transmitted
3rd byte Baud rate modification data 9600 bps -
(See Table 20-3)
4th byte - 9600 bps - OK: Echo back data
Error; A1H x 3, A3H x 3, 62H x 3 (Note 1)
5th byte QOperation command data (C3H) | Changed new baud rate -
6th byte - Changed new baud rate OK: Echo back data {C3H)
Error; ATH x 3, A3H x 3, 63H x 3 (Note 1}
7th byte Changed new baud rate 3AH Start mark
8th byte Changed new baud rate 04H The number of transfer data
(from gth to 14th byte)
BOOT | gy byte Changed new baud rate 00H Status Code 1
ROM o
03H
10th byte Changed new baud rate 0oH Reserved data
11th byte Changed new baud rate 00H Reserved data
12th byte Changed new baud rate 00H Reserved data
13th byte Changed new baud rate 00H Checksum of transferred data
or {from 8th to 12th byte)
FFH Status Code 1  Checksum
or 00H: 00H
FEH 01H: FFH
or 02H: FEH
FDH 03H: FDH
14th 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, refer to " 20.7 Error Code ™.

Description of Flash memory Status output mode

1. The process of the 1st byte through the 4th byte are the same as Flash memory writing mode.

2. The receive data in the 5th byte is the flash memory status output command data (C3H) to get the sta-
tus of flash memory.

3. When the 5th byte is one of the operation command data shown in Table 20-3, the device sends the
echo back data which is the same as received operation command data (in this case, C3H). 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 bytes from 9th to 13th are the status code. For details on the status code, refer to " 20.12 Flash
Memory Status Code .

5. Afier sending the status code, the device waits for the next operation command data.
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20.6.6 Flash Memory Erasing Mode (Operation Command : FOH)

Table 20-11 shows Flash memory erasing mode process.

Table 20-11 Flash Erasing Mode Process

Number of Bytes | Transfer Data from External Con- Baud Rate Transfer Data from TMPB6FS49FG to Exter-
Transferred troller to TMPBBFS49FG nal Controlter

1st byte Matching data (5AH) 9600 hps - (Baud rate auto set}

2nd byte - 9600 bps OK: Echo back data (5AH)
Error: Nothing transmitted

3rd byte Baud rate modification data 9600 bps -

(See Table 20-3)

4th byte - 9600 bps OK: Echo back data
Error: A1H x 3, ABH x 3, 62H x 3 {Note 1)

5th byte Cperation command data (FOH) Changed new baud rate | -

6th byte - Changed new baud rate | OK: Echo back data (FOH)
Emor: ATH x 3, A3H x 3, 63H x 3 (Note 1)

7th byte Address 15 fo 08 in which to store | Changed new baud rate -

8th byte Password count (Note 4, 5) Changed new baud rate OK: Nothing transmitted
Error: Nothing transmitted

9th byte Address 07 to 00 in which to store | Changed new baud rate | -

t0th byte Password count (Note 4, 5) Changed new baud rate OK: Nothing transmitted
Error: Nothing transmitted

BOOT | 11th byte Address 15 to 08 in which fo start [ Changed new baud rate | -
ROM | 12th byte Password comparison (Note 4, 5) | Changed new baud rate | OK: Nothing transmitted

Error: Nothing transmitted

13th byte Address 07 1o 00 in which fo start Changed new baud rate -

14th byte Passward comparison (Note 4, 5) Changed new baud rate OK: Nothing fransmitted
Error: Nothing transmitted

15th byte Passwerd string (Note 4, 5) Changed new baud rate -

m'th byte - Changed new baud rate QOK: Nothing transmitted
Error: Nothing transmitted

n'th-2 byte Erase area select data {Mote 2) Changed new baud rate -

n'th-1 byte - Changed new baud rate OK: SUM {High) (Note 3}
Error: Nothing transmitted

n'th byte - Changed new baud rate QK: SUM (Low) (Naote 3)
Error: Nothing transmitted

n’th+1 byte (Wit for the next operation) Changed new baud rate -

(command data)

Note 1: "xxH x 3" denoles that operation stops after sending 3 bytes of xxH. For details, refer to " 20.7 Error Code ",
Note 2: Refer fo " 20.13 Erasing Flash Memory Area .
Note 3: Refer to " 20.8 Checksum (SUM) ".

Note 4: Refer to " 20.10 Passwords ".

Note 5: The password strings should not send for the blank device.

Note 6: If the occurring a password error, the UART function of TMP86FS49FG stops without returning error code to the control-

ler.
Note 7.

stops without returning error code to the controller.

Description of Flash memory erasing mode

If the error occurs during transferring a password address or a password string, the UART function of TMPB6FS49FG

1. 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 command data (FOH) to erase the flash memory.

3. When the 5th byte is one of the operation command data shown in Table 20-5, the device sends the
echo back data which is the same as received operation command data (in this case, FOH). 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).
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4. The process of the 7th byte through the m’th byte are the same as flash memory writting mode.
However, the password strings should not send for the blank device. (Do not send the password
strings of dummy.)

5. The receive data in the n'th - 2 byte is the erase area select data. The upper 4-bit of this byte specifies
the start address of the erasing area. And the lower 4-bit of this byte specifies the end address of the
erasing area. For details, refer to " 20.13 Erasing Flash Memory Area ",

6. 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 " 20.8 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 60 Kbytes of flash memory area is approximately 500 ms at fc = 16 MIiz. After the SUM calcula-
tion, the device sends the SUM data to the controller, After sending the end record, the controller can

judge that the transmission has been terminated correctly by receiving the checksum.

7. After sending the SUM, the device waits for the next operation command data.

20.6.7 Read Protection Setting Mode (Operation Commiand : FAH)

Table 20-12 shows Read protection setting mode process.

Table 20-12 Read Protection Setting Mode Process

Number of Bytes | Transfer Data from External Con- Baud Rate Transfer Data from TMPBEFS49FG to Exter-
Transferred troller o TMP86F S49FG nal Controller

1st byte Matching data (5AH) 9600 bps - (Baud rate auto set)

2nd byte - 9600 bps OK: Echo back data (5AH)
Errar; Nothing transmitted

3rd byte Baud rate modification data 9600 bps -

{See Table 20-3)

4th byte - 9600 bps OK: Echo back data
Error: ATH x 3, A3H x 3, 62H x 3 (Note 1)

5th byte Operation command data (FAH) Changed new baud rate -

6th byte - Changed new baud rate OK: Ecito back data (FAH)
Ervor: ATH x 3, A3H » 3, 63H x 3 (Note 1)

7th byte Address 15 fo 08 in which to store { Changed new baud rate -

ath byte password count (Note 2, 3) Changed new baud rate OK: Nothing transmitted
Errar: Nothing transmitted

9th byte Address 07 to 00 in which to store | Changed new baud rate -

BpooT | 10thbyte password count {Note 2, 3) Changed new baud rate OK: Nothing transmitted
ROM Error: Nothing transmitted

11th byte Address 15 to 08 in which to start Changed new baud rate -

12th byte password comparisen {Note 2, 3) Changed new baud rate OK: Nething transmitted
Error: Nothing transmitted

13th byte Address 07 to 00 in which to start Changed new baud rate -

14th byte password comparison {Note 2, 3} Changed new baud rate QK: Nothing transmitted
Error: Nothing transmitted

15th byte Password string (Note 2, 3} Changed new baud rate -

m'th byte - Changed new baud rate OK: Nothing transmitted
Error: Nething transmitted

n'th byte - Changed new baud rate OK: FBH
Error: Nothing transmitted

n'+1th 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 * 20.7 Errer Code ".

Note 2; Refer to * 20.10 Passwords ".

Note 3: If the read protection setting mode is executed for the blank product, the UART function of TMP86FS49FG stops without
returning error code o the controller. Then, if the password error occurs for the non blank product, the UART function
stops similarly.
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Note 4: If the error occurs during transferring a password address or a password string, the UART function of TMPB6FS40FG
stops without returning error code to the controller.

Description of Read protection setting mode

1.

The process of the 1st byte through the 4th byte are the same as Flash memory writing mode.
2. The receive data in the 5th byte is the command data {(FAH) fo set the read protection.

. When the 5th byte is one of the operation command data shown in Table 20-3, the device sends the

echo back data which is the same as received operation command data (in this case, FAH). 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 process of the 7th byte through the m’th byte are the same as flash memory writting mode.

read protection.

. The receive data in the n'th byte is the status that is sent to the controller in order of the sneceeding

After sending the status, the device waits for the next operation command data.

20.7 Error Code

When the device detects an error, the error codes are sent to the controller.

Table 20-13 Error Code

Transmit Data Meaning of Transmit Data

62H, 82H, 62H Baud rate modification emor occurred,
63H, 63H, 63H Operating command error oceurred,
A1H, A1H, A1H Framing error in received data occurred.
A3H, A3H, A3H Qverrun efor in received data occurred.

Note: if password error occurs, the TMP86FS49F G doesn't send error codes.

20.8 Checksum (SUM)

20.8.1 Calculation method

SUM consists of byte -+ byte... -+ byte, the checksum of which is returiied im word as the result.

Namely, data is read out in byte and checksum of which is calculated, with the result returned in word.

Example:

A1H

B2H

C3H

D4H

If the data to be calculated consists of the four bytes shown
to the left, SUM of the data is

A1H + B2H + C3H + D4H = 02EAH
SUM (HIGH)= 02h
$UM (LOW)= EAH

The SUM retumed when executing the flash memory write command, RAM loader command, or flash mem-
ory SUM command is calculated in the manner shown above.
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20.8.2 Calculation data

The data from which SUM is calculated are listed in Table 20-14 below.

Table 20-14 Checksum Calculation Data

Operating Mode Calculation Data Remarks
Flash memory writing mode Even when written to part of the flash area, data in the entire
Data in the entire area (60 Kbytes) of flash memory area (60 Kbytes) is calculated.
Flash memory SUM output memory The length of data, address, record type and checksum in Intel
mode Hex format are notincluded in SUM.
d k i
RAM loader mode Data writlen 1o RAM The length of data, address, reco.rd type a.n checksum in Intel 4
Hex format are not included in SUM.
Preduct Discrimination Code Checksum of transferred data (from 9th to 18th For details, refer to " 20.11 Product Discrimination Code " on
Output mode byte) Page 246,

Checksum of transferred data (from gth to 12th | For details, refer to " Table 20-10 Flash Memory Status Output

Flash Memory Status Qutput mod
R put mote byte) Process "

Data in the erased area of flash memory (the | For details, refer to " Table 20-11 Flash Erasing Mode Process

’ i d
Flash Memory Erasing mode whole o part of memory) "
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20.9 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 thecksum 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 receiving 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 TMP86FS49F G stops without
returning error code to the controller. In the following cases, an Intel Hex format error occurs:
When the record type is not 00H, 01H, or 02H
When a SUM error occurred
When the data length of an extended record (Type = 02H) is not 02H

When the address of an extended record (Type = 02H) is larger than 1000H and after that, receives the
data record

When the data length of the end record (Type = 01H) is not 00H

20.10Passwords

The eight or more bytes consecutive data in flash memory area can be used as password. In password check,
TMPB6FS49FG compares these data with data which are transmitted from the external controller. The area in which
passwords can be specified is located at addresses 1000H to FFOFH. The area from FFAOH to FFFFH can not be
specified as passwords area. The device compares the stored passwords with the passwords, which are received from
the controller, If all data of addresses from FFEOH to FFFFH are “00H” or “FFH”, the passwords comparison is not
executed becaunse the device is considered as blank product. It is necessary to specify the password count storage
addresses and the password comparison start address even though it is a blank product, Table 20-15 shows the pass-
word setting in the blank product and non blank product.

Table 20-15 Password Setting in the Blank Product and Non Blank Preduct

Password Blank Preduct (Note 1) Non Blank Product
PNSA
1000H = PNSA < FF9FH 1000H = PNSA < FF9FH

(Password count storage addresses)

PCSA 1000H < PCSA < FF9FH 1000H < PCSA < FFAQ-N
{Password comparison start address) - - - - )

N
* <
{Passward count) 8N
Setting of password . No need {Note 5) Need (Note 2)

Note 1: When all data of addresses from FFEQH to FFFFH area are “00H" or “FFH", the device is judged as blank product.

Note 2: The same three or more bytes consecutive data can 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.

Note 3: *: Don't care.

Note 4: When the password doesn't match the above condition, the password error occurs. If the password error occurred, the
UART function of device stops without refurning error code.

Note 5: In case of flash writing mode or as for RAM loader mode, the blank device receives Intel Hex format immediately after
receiving PCSA without receiving password sfrings. In this time, because the blank device ignores the data except the
start mark data (3AH for ":"} as Intel Hex format data, even if external controller transmitted dummy password settings,
process operates comectly.

Howaever, if the dummy password string contain data "3AH", the blank device detects it as start mark data mistakenly, and
blank device stops process without returning emror code. Therefore, if these process becomes issue, the external control-
ler should not transmit the dummy password strings.

Note 6: As for flash erasing mode, the password count address (PNSA), the password comparison address (PCSA) and the
password strings should not send for the blank device.
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’RXD pin I
UART {80H [ 12n] 8112 [ o7H] 01H ] 02+ | 03H | 04r | 05t | 06H | o7H | 08H |
L"T_} \ﬂ_) . ~ J
PNSA  PCSA Password siring
FLASH memory T‘—
8012H | 08H T\
“08H” is treated
g107H [ o1n | as the number of Comparison
81084 | ozn password.
8109H | 03H \
810AH | 04H
Example 810BH | 05H > 8bytes
PNSA = 8012H 810CH | 06H
Egsssévgrgg%#g =01H, 02H, 03H, 04H, osH,  810DH; O7H
06H, 07H, 08H s1oeH | oe | )
TN

20.10.1Password Skring

A string of passwords in the received data are compared with the data in the flash memory. In the following
cases, a password error occurs:

When the received data does not match the data in the flash memory

20.10.2Handling of Password Error

If a password error occurs, the UART function of TMP86FS49FG stops without returning error code to the
controller. Therefore, when a password error occurs, the TMP86FS49FG should be reset by RESET.

20.10.3Password Management during Program Development

If a program is modified many times while it is being developed, confusion may arise as to its password.
Therefore, we recommended that a fixed password be used in the program development stage.

Example :Using 8 bytes from address FOOOH for the password
Password Section code abs = 0FD00H

DB "CODE1234"
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20.11Product Discrimination Code

The product discrimination code is a 13-byte data, that includes the start address and the end address of ROM.
Table 20-16 shows the product discrimination code format.

Table 20-16 Product Discrimination Code Format

Data The Meaning of Data In Case of TMPBEFS48FG
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 1DH
5th Reserved data 00H
&th Reserved data 0oH
Tth Reserved data 0cH
sth The number of ROM block 0MH
Sth The uppsar byte of the first address of ROM 10H
10th The lower byte of the first address of ROM 00H
11th The upper byte of the end address of ROM FFH
t2th The lower byte of the end address of ROM FFH
13th Checksum of transferred data {from 3rd to 12th byte) 02H

20.12Flash Memory Status Code

The flash memory status code is a 7-byte data, that includes the read protectiomn status and the status of the data
from FFEQH to FFFFH. Table 20-17 shows the flash memory status code.

Table 20-17 Flash Memory Status Code

Data The Meaning of Data TM';;;?"FS;SFF o
1st Start mark 3AH

2nd The number of transfer data (from 3rd to 6th byte) 04H

3rd Flash memory status code 1 Refer to below
4th Flash memory status code 2 Reserved

5th Flash memory status code 3 Reserved

6th Flash memory status code 4 Reserved

7th Checksum of transferred data {from 3rd to 6th byte) FPH to FFH or 00H

Flash Memory Status Code 1

7 & 5 4 3 1 0
| [ RPENA | BLANK | gritisl vatue: 0000 00%)
1
RPENA The status of read pro- 0: Read protect is disabled.
tection 1: Read protect is enabled,
BLANK The status of the data [+ All data are 0OH or FFH from FFEOH to FFFFH.
from FFEOH to FFFFH. iH The data includes the value except 00H or £FH from FFEOH to FFFFH.
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Some operation commands are limited by flash memory status code 1. If a read protection is enabled, flash mem-
ory writing mode command and RAM loader mode command can not executed. It is necessary to erasc all flash
memory for executing these command.

Product .
PENA | BLan | FashMemory | RAM Loader Checksum | Discrimination | Product Status | Flash Memory Ft;id Szr:jt:c’
Writing Mode Mode Output Mode Code Output Qutput Mode Erasing Mode Mode 4
Mode
o 0 e} @] O O O O x
0 1 Pass Pass O Q (9] Pass Pass
1 0 x x O Q O QO x
1 1 x P Q (@] O Pass Pass
Note: ©: The command can be executed without a password.

Pags: The command can be executed with a password.
X! The command can not be executed.

20.13Erasing Fiash Memory Area

In the erasing flash memory mode, the area of erased flash memory is specified by n—2 byte data.

The start address of a erased flash memory area is specified by ERASTA and the end address is specified by
ERAEND.

If ERASTA is smaller than or equal to ERAEND, sector erase (erasing of 4Kbyte units) is executed.

If ERASTA is bigger than ERAEND, chip erase (erasing of all flash area) is executed and a read protection is
released. Therefore, execute chip erase (not sector erase) for releasing the read protection.

Erase Area Select Data (n-2 byte data)

7 5 5 4 3 2 1 )
| ERASTA | ERAEND
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0000:  from DOO0H
0001: from 1000H
0oi0:  from 2000H
0011: from 3000H
a100: from 4000H
0101:  from S000H
The start addresses of a g:: :J :l:,: sgggﬁ
ERASTA | erased flash memory 1000: from BOOOH
area 1001:  from 9000H
1010 from AOOCGH
011: from BOOGH
1100: from CODOH
1101: from DOOOH
1o from EOQOH
M1 from FOOOH
0000: to OFFFH
0001:  to 1IFFFH
0010:  to 2FFFH
0011: to 3FFFH
0100:  to 4FFFH
0101: to 5FFFH
The end address of a g:: 10 :z 3:::2:;3
ERAEND :::ed flash memory 1000:  to 8FFFH
1001:  to 9FFFH
1010:  to AFFFH
1011:  to BFFFH
1100 to CFFFH
1101:  to DFFFH
1410 to EFFFH
111 to FFFFH

Note: When the area which the MCU does not have Is specified, the UART function of TMP86FS49FG stops without

returning error code to the controller. Therefore, when a password error occurs, the TMP86FS49FG should be reset

by RESET pin input.
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20.14Flowchart
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20.15UART Timing
Table 20-18 UART Timing-1 (VDD =4.5Vto 5.5V, fc = 2 MHz to 16 MHz, Topr = -40 to 85°C)
The Number of Giatk Required Minimum Time
Parameter Symbol
(fe) Atfo=2MHz | Atfo=16MHz
Tirme from the reception of a matching data until the output of an
echo back CMeb1 Approx. 930 465 us 58.1 us
Time from the reception of a baud rate modification data until the
output of an echo back CMeb2 Approx. 880 490 ps 61.3 us
Time from the reception of an operation command until the output
of an echo back CMeb3 Approx. 800 400 ps 50 ps
Calculation time of checksum CKsm Approx. 7864500 393s 491.5 ps
Time erasing all flash memory CEall - 30ms 30 ms
Time erasing sector of flash memory(@4 kbytes) CEsec - 15 ms 15 ms
Table 20-19 UART Timing-2 (VDD = 4.5V 10 5.5V, fc = 2 MHz to 16 MHz, Topr = -40 to 85°C)
The Number of Required Minimum Time
Parameter Symbol
Clock (fc) Atfc=2MHz | Atfo=16 MHz
Time from reset release until acceptance of start bit of RXD pin RXsup 2100 1.06 ms 131.3 ms
Time between a matching data and the next matching data ChMtrt 28500 14.2 ms 178 ms
h i { d
Time from the echo back of matcl'!lng t?a!a until the acceptance of bau Chir2 380 190 s 23.8 s
rate modification data
Time from the cutput of echo back of baud. rate madification data until the CMErs 650 325 s 406 s
acceptance of an operation command
Time from the output of echo back of operation command until the accep-
tance of Password count storage addresses Chlird 800 400 ps S0ps
. RXsup CMtrZI Chtra Chitr4

|
0
:
:

EESTpin / .

(58H) (28H) 5 (30H)
RXD pin | Hl ”H |
: (BAH) : (28H) | : (30H) |
TAD pin : : 2
S el
EMeb EMeb? EMeb3
(5AH) BAH) (5AH)
TXD pin §< }5
: CMtrt :
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21. Input/Output Circuit

21.1 Control pins

The input/output circuitries of the TMP86FS49FG conirol pins are shown l;elow.

Control Pin 1o Input/Cutput Circuitry Remarks
Osc.enable 9—:130_ > fe
vbDh ANy Vb Resonator conneciing pins
XiN Input By =R o (high frequency)
xouT Output | } R = 1.2 MQ (typ.)
Rg 0.5 kX (typ.)
XIN XouT
KTEN
Osc.enable—):l:}_ !D » {5
VDD AN Resonator connecting pins
XTIN Input R¢ (Low frequency)
XTOUT Qutput Ry =6 MQ (typ.)
Rg =220 kX (typ.)
XTIN
VDD
R REN Hysteresis input
wESET Input Puli-up resistor
p R|N = 220 kX (typ.)
Address-trap-reset R =100 € (typ.)
Watchdog-timer-reset
System-clock-reset
AR 0
vy
TEST Input ~ I R =100 Q2 (typ.)
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21.2 Input/Output Ports

Port 110 Input/Output Circuitry Remarks
Initial “High-Z" *
vDD
Data output
_D Tri-state I/O
P1 e} Hysteresis input
Disable =R R=100 Q{typ.)
Pin input '4
P N
Initial "High-Z"
—1 Sink open drain output
P3 [[[v} Dat tout High current cutput
ala outp = R =100 Q (typ.)
Output latch input R
Pin input d
iy AN
Initial "High-Z" VDD
———D Sink open drain output
P2 [I{e] Data output Hysteresis input
Quiput katch input ER R=100Q(typ)
Pin input &l
p AN
Initiaf "High-2"
Sink open drain output
P5 o I:I High current output
Data output | Hysteresis input
Output latch input =R R =100 & (tvp.)
Pin input 4
Y AN
Initial "High-Z"
VDB
P-ch control
Data output ———s .
Sink open drain ocutput or
PO o N _D C-MOS output
P4 Quiput fatch input _Q ‘___Do—l | Hysteresis input
Disable S =R R =100 € (typ.)
Pin input (Control input <
put ( put) <X
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Port lle] InputCutput Circuitry Remarks
fnitial "High-Z"
Anafog inpui (D
Bata output
P&7
P&s o Cutput laich input Tri-state /O
P55 R =100 Q(typ.)
P&4 Disable
Pin input <]|
Key-on Wakeup Q
fnitial "High-Z"
Anaiog input ®
9P VDD
P63 Data output
P62
Tri-state 11O
Eg; Vo Qutput lateh input —] R =100 £ (typ.)
P7 =
Bisable =R
Pin input 4
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22. Electrical Characteristics

22.1 Absolute Maximum Ratings

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 s exceeded, a device may break down
or its performance may be degraded, causing it to catch fire or explode resulting in injury to the user. Thus, when
designing products which include this device, ensure that no absolute maximum rating value will ever be exceeded,

(VSS=0V)
Parameter Symbol Pins Ratings Unit
Supply voltage Voo -0.3106.5
Input voltage ViN -03toVpp+0.3 Y
Cutput voltage Vourt -0.3to Vpp + 0.3
louT PO, P1, P4, P8, P7 ports -1.8
Qutput current (Per 1 pin) louTz PO, P1, P4, PG, P7 ports 3.2
louTs P3, P5 ports 30 mA
Eloum PO, P1, P4, P8, P ports &0
Output current (Total)
ZlouTz P3, P5 ports 80
Power dissipation [Topr = 85 °C} Pp 250 mw
Soldering temperature {time) Tsld 260 (10 s}
Storage temperature Tstg -55t0 125 °C
Operating temperature Topr ~40 1o 85
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22.2 Recommended Operating Conditions

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

22.2.1 MCU mode (Flash Programming or erasing)

(Vag =0V, Topr =-10 to 40°C)

Parameter Symbol Pins Ratings Mir Max Unit
Supply voltage Voo NORMALA1, 2 modes 4.5 55
Vi Except hysteresis input Vpp x 0.70
Input high level Vppz45V Voo
Viiz | Hysteresis input Vpp x 0.75 v
ViLt Except hysteresis input Vpp x 0.30
Input low level Vppz 4.5V 0
Viz Except hysteresis input Vpp » 0.25
Clock frequency fe XIN, XOUT 1.0 16.0 MHz

22.2.2 MCU mode (Except Flash Programming or erasing)

{Vsg =0V, Topr = -40 to 85°C)

Parameter Symbol Pins Ratings Min Max Unit
NORMAL1, 2 modes
fo=16 MHz IDLED, 1, 2 modes
Supply voltage
. SLOWA, 2 modes 4.5 55
Condition 1 fs = 32.768 KH: !
(Gondition 1) ° % | sLeEPo, 1, 2 modes
STOP mode
Voo NORMAL1, 2 mod
, 2 modes
fo=8 MHz IDLED, 1, 2 modes
Supply voltage
- SLOWA1, 2 modes 3.0 3.6
(Condition 2) fs = 32.768 KHz SLEEPD, 1, 2 modes v
STCOP mode
Vg Except hysteresis input Vpp x 0.70
Vpp 245V
Input high level Vinz Hysteresis input Vpo x 0.75 Vpp
V|H3 VDD <45V Vpp x 0.90
Vi Except hysteresis input Vpp % 0.30
Vopz4.5V
Input low level Vi Hysteresis input 0 Vpp % 0.25
Via Vpop < 4.5V Vpp  0.10
fc XIN, XOuT Vpp=3.0t0 36V, 4.5t0 5.5V 1.0 3.0
MHz
Clock frequency fe XIN, XOUT Vpp=45t055V 1.0 16.0
fs XTIN, XTOUT Vpp=3.010 36V 4510 5.5V 30.0 34.0 kHz

Note 1: The Supply voltage (Vpp) is divided into two different voltage areas. Do not change Vppy from Condition 1 to Condi-
tion 2 and vice versa while the MCU is operationg. If you wish {0 use Vpp in a continuous range of 3.0V to
5.5V without stopping the MCU, please contact your local Toshiba office.
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22.2.3 Serial PROM mode

(Vs =0V, Topr=-101o 40 °C)

Parameter Symbol Pins Condlition - Min Max Unit
Supply voltage Vpp NORMAL1, 2 modes 4.5 5.5
Vi Except hysteresis input Vpp x 0.70
Input high voltage Vopz 4.5V Vop
ViHa2 Hysteresis input Vpp x 0.75 \
ViLg Except hysteresis input Vpp x 0.30
Input low voltage Vopz4.5V 0
Vi Hysteresis input Vpp % 0.25
Clock frequency fc XIN, XOUT 2.0 16.0 MHz
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22.3 DC Characteristics

{Vgs = 0V, Topr =-4010 85 °C)

Parameter Symbaol Pins Congdigtion * Min Typ. Max Unit
Hysteresis voltage Vyg Hysierasis input - 0.9 - A"
Nt TEST
Vpp =55V, Viy=55VI0V
Input current nz | Sink open drain, tri-state port - - %2 pA
Iina RESET, STOP
Input resistance Ryy | RESET pull-up 100 220 450 k2
ILor | Sink open drain port Vpp =55V, Vgyp =55V - - 2
OCutput leakage current pA
lga | Tri-state port Voo =55V, Vour =55 VIOV - - 42
Qutput high valiage Vou | Tri-state port Vpp =45V, lpy=-0.7mA 4.1 - -
v
Qutput low voltage Vo, | Except XOUT, P3, P5 Vpp=4.5V, g, = 1.6 mA - - 04
High current port
1 Vpp =45V, VoL =10V - -
Output low curren oL (P3, P5 Porl) DD oL 20
. VWhen a program
Supply current in
operates on flash - 12,6 20
NORMAL1, 2 modes Vpn=5.5V memory
Supply current in Vin =83 VI0.2V 6.3 75 mA
IDLEO mode fo =16 MHz - :
fs = 32,768 kHz
tin 1DL
Supply current in IDLE _ 78 10
1, 2 modes
When a program
operates on flash - 0.9 3
Supply current in lon meemory
SLOW1 mode
Vpp =30V When a program
- 10 21
Viy=28V/02y | operatesan RAM
Supply current in fs = 32.768 kHz 45 15
SLEEP1 mode X
Supply current in 35 12 nA
SLEEPD mode - i
Supply current in Vpp=55V 05 10
STOP mode Vin = 5.3 V0.2V - )

Note 1; Typical values show those at Topr = 25°C and Vpp =5 V.
Note 2: Input current (1,1, lya): The current through pull-up or pull-down resistor is not included.
Note 3: Igp does not include Iggr.

Noie 4: The supply currents of SLOW2 and SLEEP2 modes are equivalent to those of IDLE1 and IDLE2 modes.
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22.4 AD Characteristics

{Vgg=0.0V, 4.5V £Vpp < 5.5V, Topr = -40 10 85 °C)

Paramete Symbol Condition Min= Typ. Max Unit
Analog reference veltage VaRrer Aypp- 1.0 - Aynp
Power supply voltage of analog controf
- Aypp Voo
circuit v
Analog reference voltage range (Note 4) [ AVarer 35 - -
Analog input voltage Vain Vag - VAREF
Power supply current of analog refer- Vpp =Aypp = Varer =55V
IREF - 0.8 1.0 mA
ence voltage Vgg = Aygg =0.0V .
Non linearity error - - +2
Zero point error Vop = Avpp = 50V, - - £2
- Vgg = Aysg 0.0 v LSB
Full scale error Vagep = 5.0V - - 2
Total error - - 12

(Vas =0V, 3.0V £ Vpp <36V, Topr = 40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
Analog reference voltage VaReF Aypp- 1.0 - Avop
Power supply voltage of analog control
o Aypp Voo
circuit v
Analog reference voltage range (Note 4) [ AVager 2.5 - -
Analog input voltage Vain Veg - VAREF
| - Vop=Avop =V =3BV
Power supply current of anafog refer: - DD = Avpp = VAREF _ 05 08 mA
ence voltage Vgg = Aysg =00V
Nan linearity error - - 12
Vpp & Aypp = 3.
Zero point errer oD = Avop = 3.0V - _ +2
Vgg = Aygg =00V LSB
Full scale error VaRer = 3.0V - - 12
Total error - - +2

Note 1: The total error includes all errors except a quanitization error, and is defined as a maximum deviation from the ideal con-
version line.

Note 2: Conversion time is defferent in recommended value by power supply voltage.

Note 3: The voltage to be input on the AIN input pin must not exceed the range between Vager and Vgg. If a voltage outside this
range is input, conversion values will become unstable and conversion values of other channels will also be affected.

Note 4: Analog reference voltage range: AVarer = Varer - Vss

Note 5: When AD converter is not used, fix the AVDD and VAREF pin on the Vpp level.
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22.5 AC Characteristics

{Vgs =0V, Vpp = 4.5V to 5.5 V, Topr = -40 to 85°C)

Parameter Symbal Condition =Min Typ. Max Unit
NORMAL1, 2 mades
0.25 - 4
IDLED, 1, 2 modes
Machine cycle time tey us
SLOWA, 2 modes
117.6 - 133.3
SLEEPD, 1, 2 modes
High-level clack pulse width WeH | For extemal clack operatian (XIN input) 2125 _ .
Low-level clock pulse widih tye, | FE= 18 MHz '
High-level clock pulse width tWsH | For extemal clock operation (XTIN input) _ 16.26 _ s
Low-level clock pulse width tyg, | 1832768 kHz
(Vss =0V, Vpp = 3.0 Vo 3.6 V, Topr = -40 to B5°C)
Paramete Symbol Condition Min Tvp. Max Uit
NORMAL1, 2 modes
0.5 - 4
IDLEQ, 1, 2 modes
Machine cycle time ey ps
SLOWH, 2 mades
1178 - 133.3
SLEEPD, 1, 2 modes
High-level clock putse width tweH | For extesmal clock operation (XIN input) _ 625 _ e
Low-level clock pulse width tyoL | Te=8 MHz
High-level clock pulse width twsH | For external clock operation (XTIN input) ~ 1526 _ "
Low-level clock pulse width twgL | 1§=32768kHz |
22.6 Flash Characteristics
22.6.1 Write/Retention Characteristics
(Vg5 =0V)
Pararmete Candition Min Tvp. Maxx. Unit
Number of guaranteed writes to flash memory | Ygg =0V, Topr =-10 to 40°C - - 100 Times
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22.7 Recommended Oscillating Conditions

XOUT XTIN XTOUT

XIN
¢ l l G, <y l l ¢,
(1) High-frequency Qscillation {2) Law-frequency Osclllation

Note 1: To ensure stable oscillation, the rescnator position, load capacitance, etc. must be appropriate. Because these factors are
greatly affected by board patterns, please be sure to evaluate operation on the board on which the device will actually be
motunted.

Note 2: The product numbers and specifications of the resonators by Murata Manufacturing Co., Ltd. are subject to change. For
up-to-date information, please refer to the following URL:
http:/iwww.murata.co.jp/search/index.html

22.8 Handling Precaution

- The solderability test conditions for lead-free producis (indicated by the suffix G in product name) are shown

below.

1. When using the Sn-63Pb solder bath
Solder bath temperature = 230 °C
Dipping time = 5 seconds
Number of times = once
R-type flux used

2. When uvsing the Sn-3.0Ag-0.5Cu solder bath
Solder bath temperature = 245 °C
Dipping time = 5 seconds
Number of times = once
R-type flux used

Note: The pass criteron of the above test is as follows:
Solderahility rate until forming = 95 %

- When using the device (oscillatar) in places exposed to high electric fields such as cathode-ray tubes, we recommend elec-
trically shielding the package in arder lo maintain normal operating condition.
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This is a technical document that describes the operating functions and electrical specifications of the 8-bit
microcontroller series TLCS-870/C (L.SI).

Toshiba provides a variety of development tools and basic software to enable efficient software
development.

These development tools have specifications that support advances in microcomputer hardware (LSI) and
can be used extensively. Both the hardware and software are supported continuously with version updates.

The recent advances in CMOS LSI preduction technology have been phenomenal and microcomputer
systems for L.SI design are constantly being improved. The products described in this document may also
be revised in the future. Be sure to check the latest specifications before using.

Toshiba is developing highly integrated, high-performance microcomputers using advanced MOS
production technology and especially well proven CMOS technology.

We are prepared to meet the requests for custom packaging for a variety of application areas.
We are confident that our products can satisfy your application needs now and in the future.






