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TOSHIBA

Caution in Setting the UART Noise Rejection Time

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

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

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

RXDNC setting

11
) Transfer 01 10
BRG setting lock [H 00 . . (Reject pulses shorter
clock [Hz] . o (Reject pulses shorter |“(Rejectpulses shorter
(No noise rejection) . . than 127/fc[s] as
than 31/fc[s] as noise). [~than 63/fc[s] as noise) .
noise)

000 fc/13 (0] o O -

110 fc/8 (0] £ - -

(When the Fransfer clock gen- fc/16 o g — _
erated by timer/counter inter-

rupt is the same as the right fc/32 o o o _

side column)

The setting except the above (0] (9] (0) (0]
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TO s H I BA TMP86FS28DFG

CMOS 8-Bit Microcontroller

TMP86FS28DFG

The TMP86FS28DFG is a single-chip 8-bit high-speed and high-functionality microcomputer incorporating
61440 bytes of Flash Memory. It is pin-compatible with the TMP86CS28DFG (Mask ROM version). The
TMP86FS28DFG can realize operations equivalent to those of the TMP86CS28DFG by programming the on-chip

Flash Memory.
Product No ROM RAM Package MASKROMWMCU Emulation Chi
' (FLASH) 9 P
TMP86FS28DFG 61440 2048 LQFP80-P-1212-0.50E TMP86CS28DFG TMP86C989XB
bytes bytes

1.1 Features

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

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

122 pus (at 32.768 kHz)
- 132 types & 731 basic instructions
23interrupt sources (External : 6 Internal { 17)
Input / Output ports (62 pins)

4. Watchdog Timer
5. Prescaler

- Time base timer

- Divider output function
6. 16-bit timer counter:/2Ch

- Timer, External trigger,/ Window, Pulse width meastrement,

Event counter; Programmable-pulse ‘generate (PPG) modes
7. 8-bit timer counter : 4 ch

- Timer, Eventconnter, Programmable-divider output (PDO),

Pulse width modulation (PWM) oytput,

This product uses the, Super Flash® technology undet the\licence of Silicon Storage Technology, Inc. Super Flash® is registered trademark of Silicon
Storage Technology, Inc.

The/information-centained herein is'subject to.change without notice. 021023_D

TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor devices in general can

malfunction-or fail due to their inherent-electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer, when

utilizing TOSHIBA products, to comply with the standards of safety in making a safe design for the entire system, and to avoid situations

in which a malfunction or failure of such TOSHIBA products could cause loss of human life, bodily injury or damage to property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in the most

recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the “Handling Guide for

Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc. 021023_A

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, etc.). These TOSHIBA products are neither

intended nor warranted for usage in equipment that requires extraordinarily high quality and/or reliability or a malfunctionor failure of

which may cause loss of human life or bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control instruments,

airplane or spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments, medical instru-

ments, all types of safety devices, etc. Unintended Usage of TOSHIBA products listed in this document shall be made at the customer's

own risk. 021023_B

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

» The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by
TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use. No license is granted by impli-
cation or otherwise under any patents or other rights of TOSHIBA or the third parties. 070122_C

* The products described in this document are subject to foreign exchange and foreign trade control laws. 060925 _E

« For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the chapter entitied Quality and

Reliability Assurance/Handling Precautions. 030619_S
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1.1 Features

TMP86FS28DFG

Programmable pulse generation (PPG) modes

8. 8-bit UART/SIO: 1 ch
9. 8-bit UART : 1 ch
10. 10-bit successive approximation type AD converter

- Analog input: 8 ch
11. Key-on wakeup : 4 ch
12. LCD driver/controller

Built-in voltage booster for LCD driver With display memory

LCD direct drive capability (MAX 40 seg x 4 com)
1/4,1/3,1/2duties or static drive are programmably selectable

13. Clock operation
Single clock mode
Dual clock mode
14. Low power consumption operation
STOP mode: Oscillation stops. (Battery/Capacitot back-up.)

SLOWI1 mode: Low power consumption operation using low-frequeney cloek.(High-frequency clock
stop.)

SLOW2 mode: Low power consumption| ¢peration using low-frequency-clock.(High-frequency clock
oscillate.)

IDLEO mode: CPU stops, and only the Time-Based-Timer(TBT)/0n peripherals operate using high fre-
quency clock. Release by falling edgeof the source clock which is set by TBRTCR<TBTCK>.

IDLE1 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 TBRTCR<TBTCK>.

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

SLEEP2.moéde: CPU stops and peripherals-eperate using high and low frequency clock. Release by
interruput.

15. Wide operation voltage:

2.7Vte-5.5V at 8MHz /32.768 kHz
4.0V to 5.5 V at 16 MHz /32,768 kHz

Page 2



TMP86FS28DFG

1.2 Pin Assignment

TOSHIBA
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Figure 1-1 Pin Assignment
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1.3 Block Diagram

TMP86FS28DFG
1.3 Block Diagram
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Figure 1-2 Block Diagram
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1.4 Pin Names and Functions

The TMP86FS28DFG has MCU mode, parallel PROM mode, and serial PROM mode. Table 1-1 shows the pin
functions in MCU mode. The serial PROM mode is explained later in a separate chapter.

Table 1-1  Pin Names and Functions(1/4)

Pin Name Pin Number Input/Output Functions

P02 10 | PORTO02

PPG10 12 O | PPG10 output

INT3 | External interrupt 3 input

PO1 1 10 | PORTO1

P00 10 10 | PORTO00

P17 29 10 | PORT17

AIN7 I | Analog\nput7

P16 21 10 /| /PORT 16

AING 1'\| VAnalog Input6

P15 10 |~PORT15

AINS 20 | | “Analog Input5

STOP5 I STOPS5 input

P14 10 | PORT14

AIN4 19 I | Analog Input4

STOP4 | | STOP4.input

P13 10 |/ PORT13

AIN3 18 I |~ Analog Input3

STOP3 | | STOP3'input

P12 10,| PORT12

AIN2 17 I\| NAnalog Input2

STOP2 [ "\STOP2 input

P11 16 10\ [\ PORT11

AIN1 _Analog Input1

P10 5 I0 | PORT10

AINO | Analog Input0

P92 ) PORT22

XTOUT 7 o Resonator connecting pins(32.768kHz) for inputting external
clock

P21 o PORT21

XTIN 6 | Resonator connecting pins(32.768kHz) for inputting external
clock

P20 10 | PORT20

STOP. 9 | | STOP mode release signal input

INT5 | | External interrupt 5 input

P37 10 | PORT37

TC10 31 I | TC10input

INT4 | External interrupt 4 input

P36 30 10 | PORT36

SCK 10 | Serial Clock /O

P35 10 | PORT35

Sl 29 | | Serial Data Input

TXD1 O | UART data output 1

P34 10 | PORT34

SO 28 O | Serial Data Output

RXD1 | UART data input 1
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1.4 Pin Names and Functions
TMP86FS28DFG

Table 1-1  Pin Names and Functions(2/4)

Pin Name Pin Number Input/Output Functions
P33 27 10 | PORT33
P32 26 10 | PORT32
P31 25 10 | PORT31
Dvo O | Divider Output
P30 ” 10 | PORT30
INTO | | External interrupt 0 inpat
P47 39 10 | PORT47
SEG32 O | LCD segmentoutput32
P46 38 10 | PORT46
SEG33 O | LCD/segment.output 33
P45 37 10 | PORT45
SEG34 O /| k€D jsegment output 34
P44 36 10 | PORT44
SEG35 Q |._LCDsegment output 35
P43 10| PORT43
SEG36 35 O-.|/ LCD segment output 36
TC11 I | TC11input
P42 10 | PORT42
SEG37 34 O | LED segment output37
PPG11 O |/PPG11 output
P41 10 | POGRT41
SEG38 33 O | LCD segment gutput 38
INT2 | External intefrupt 2 input
P40 10 |\ PORT40
SEG39 32 ©- | ECD_segment output 39
INT1 | External interrupt 1 input
P57 17 10 | PORT57
SEG24 QO | LCD segment output 24
P56 6 10 | PORT56
SEG25 O | LCD segment output 25
P55 10 | PORT55
SEG26 45 O | LCD segment output 26
TC6 | | TC6 input
PDO6/PWM6/PPG6 O | PDO6/PWM6/PPG6 output
P54 10 | PORT54
SEG27 44 O | LCD segment output 27
TC5 | | TC5input
PDO5/PWM5 O | PDO5/PWMS5 output
P53 10 | PORT53
SEG28 43 O | LCD segment output 28
TC4 I | TC4 input
PDO4/PWM4/PPG4 O | PDO4/PWM4/PPG4 output
gzé 29 Ig PORT52
TC3 42 | LCD segment output 29
PDO3/PWM3 (0] TC3 input
P51 10 | PORT51
SEG30 41 O | LCD segment output 30
RXDO | UART data input 0
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Table 1-1  Pin Names and Functions(3/4)

Pin Name Pin Number Input/Output Functions
P50 10 | PORT50
SEG31 40 O | LCD segment output 31
TXDO O | UART data output 0
P67 55 10 | PORT67
SEG16 O | LCD segment output 16
P66 54 10 | PORT66
SEG17 O | LCD segment output 17
P65 53 10 | PORT65
SEG18 O | LCD segment output 18
P64 59 10 | PORT64
SEG19 O | LCD/segmentoutput 19
P63 51 10 | PORT63
SEG20 O /| A£€D/segment output 20
P62 50 10 |\ PORT62
SEG21 Q_ |\ LCD segment output 21
P61 49 6. | PORT61
SEG22 O]/ LCD segment output.22
P60 48 10 | PORT60
SEG23 O | LCD segment output 23
P77 63 10 |/PORT77
SEG8 O ‘. LED segment\output 8
P76 62 10 | PORT76
SEG9 O | LCD segment output 9
P75 61 10 \PORT75
SEG10 @-|ECD_segment output 10
P74 60 10| RORT74
SEG11 O | LCD segment output 11
P73 9 10 | PORT73
SEG12 O | LCD segment output 12
P72 56 10 | PORT72
SEG13 O | LCD segment output 13
P71 57 10 | PORT71
SEG14 O | LCD segment output 14
P70 56 10 | PORT70
SEG15 O | LCD segment output 15
P87 Y 10 | PORT87
SEGO O | LCD segment output 0
P86 70 10 | PORT86
SEG1 O | LCD segment output 1
P85 69 10 | PORT85
SEG2 O | LCD segment output 2
P84 68 10 | PORT84
SEG3 O | LCD segment output 3
P83 67 IO | PORT83
SEG4 O | LCD segment output 4
P82 6 I0 | PORT82
SEG5 O | LCD segment output 5
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1.4 Pin Names and Functions

TMP86FS28DFG
Table 1-1  Pin Names and Functions(4/4)
Pin Name Pin Number Input/Output Functions
P81 65 10 | PORT81
SEG6 O | LCD segment output 6
P80 64 10 | PORT80
SEG7 O | LCD segment output 7
COM3 72 O | LCD common output 3
COM2 73 O | LCD common output 2
COM1 74 O | LCD common-output+
COMO 75 O | LCD common output O
V3 76 | | LCD/voltage booster pin
V2 77 | | LCD voltage booster pin
V1 78 1 |( LCD voltage booster pin
C1 79 | LED-voltage booster pin
COo 80 | LED voltage booster/pin
XIN 2 | Resonator connecting pins_for high-frequency clock
XouT 3 O | Resonator connecting pins for high-frequency clock
RESET 8 | | Reset signal
TEST 4 I | “Testpin for out-going test. Normally, be fixed to low.
VAREF 14 | | Analog Base Yoltage Input Pin for A/D Conversion
AVDD 13 1\ Mnalog Power Supply
AVSS 23 N_[~Analeg Power Supply
VDD 5 - #5V
VSS 1 | | 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 TMP86FS28DFG memory is composed Flash, RAM, DBR(Data bufferregister) and SFR(Special func-

tion register). They are all mapped in 64-Kbyte address space. Figure 2-1 shows the TMPS86FS28DFG memory
address map.

00004 SERY /Special function register includes:
SFR 64 bytes 1O ports
| 003Fy Peripheral control registers
00404 Peripheral status registers
System control registers
RAM 2048 Program status word
bytes RAM: Random access memory-includes:
Data memory
083Fy Stack
OFO00y DBR: ™. Data buffer register includes:
DBR 256 Peripheral’'control registers
bytes Peripheral/status registers
OFFFy LCD display memory
1000y Flash: \Program memory
61440
Flash
bytes
FFAD =
H Vector table for interrupts
FFBFy (32 bytes)
PFCOH Vector table for vector call instructions
FFDFH (32 bytes)
FFEOy Vector table for interrupts
FFFFy (32 bytes)

Figure 2-1 Memory Address Map

2.1.2 Program Memory (Flash)

The TMP86FS28DFG has a 61440 bytes (Address 1000H to FFFFH) of program memory (Flash ).

2.1.3 Data Memory (RAM)

The TMP86FS28DFG has 2048 bytes (Address 0040H to 083FH) of internal RAM. The first 192 bytes
(0040H to O0FFH) of the internal RAM are located in the direct area; instructions with shorten operations are
available against such an area.
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2. Operational Description

2.2 System Clock Controller
TMP86FS28DFG

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”. (TMP86FS28DFQG)

LD HL, 0040H ; Start address setup
LD A H ; Initial value (O0OH) 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 titning generator, and a standby\controller.

Timing generator control register

Clock

;=== generator -------; ﬂOO%H

; ifc O <
High-frequency g Timing Standby controller
clock oscillator | 4 gengrator [

§ 0038Hﬁ oongﬁ
ifs ¢ ¢ ¢ ¢ [ SYSCRL | [ syscr2 ]

System control registers

Low-frequeney

clock oscillator System clocks

.

Clock generator’control

Figure 2-2-System Colck Control

2.2.1 Clock Generator

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

The high-frequeney(fc) clock-and low-frequency (fs) clock can easily be obtained by connecting a resonator
between the XIN/XOUT and XTIN/XTOUT pins respectively. Clock input from an external oscillator is also
possible. In this case, external clock is applied to XIN/XTIN pin with XOUT/XTOUT pin not connected.
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el High-frequency clock --==-=----=--=---- " el Low-frequency clock -=-=-=------=------ "
XIN XOUT XIN X%T XTIN XTOUT XTIN XTI%IJT
i (Open) i i (Open) i
'(a) Crystal/Ceramic (b) External oscillator ! + (¢) Crystal (d) External oscillator !
! resonator ' ' :

Figure 2-3 Examples of Resonator Connection

Note: The function to monitor the basic clock directly at externalis-not provided for hardware,/however, with dis-
abling all interrupts and watchdog timers, the oscillation fréqdengy, can be adjusted by manitoring.the pulse
which the fixed frequency is outputted to the port by the program.

The system to require the adjustment of the oscillation-frequency/should create the-program for the adjust-
ment in advance.
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2. Operational Description
2.2 System Clock Controller
TMP86FS28DFG

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 fs). 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
Generation of warm-up clocks for releasing STOP mode
LCD

A Ao O e

2.2.2.1 Configuration of timing generator

The timing generator consists of a 2-stage presealer, 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, SYSCR2<SYSCK> and
TBTCR<DV7CK>, that is shown in Figure.2-4. As reset and STOP mode-started/canceled, the prescaler
and the divider are cleared to “0”.

', Main system clock generater fcorfs® Machine cycle counters
SYSCK
DV7CK
Divider
High-frequency 1]2 fer4 »1]213 8| 9[t0]11[12|13|14|15]|16(17|18]|19|20|21
clock fc
4
Low-frequency S | Multiplexer
clock fs —> BO
» B1
» A0 YO
» AL y1P»> | Warm-up
controller
>
» | Watchdog
> | timer
YVV L AL BAAN] YYVYVYY ¥ \ A

Timer counter, Serial interface, Time-base-timer, divider output, etc. (Peripheral functions)

Figure 244 Configuration of Timing Generator
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Timing Generator Control Register

TBTCR 7 6 5 4 3 2 1 0
(0036H) | (DVOEN)l (DVOCK) | DV7CK | (TBTEN)l (TBTCK) (Initial value: 0000 0000)

Selection of input to the 7th stage 0: fc/28 [Hz]

DV7CK
of the divider 1:fs

R/W

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 [Hz], fs: Low-frequency clock [Hz], *: Don’t care
Note 4: In SLOW1/2 and SLEEP1/2 modes, the DV7CK setting is ineffective, and fs isiinput 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-eperation are synchronized withthe/main system clock.

The minimum instruction execution unit is-called an_machine cycle”.There are atotal of 10 different
types of instructions for the TLCS-870/C S¢ries: Ranging from 1-dycle 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 (SO to/S3);-and-¢ach state congists’of one main system clock.

1/fc or 1/fs [s]

—»

Main system clock —l | | | | | | | | | | | | | |_

1 ! T
1 ! 1
1

State so | si s2 | s3 so | st [ s2 | sz |
54— Machine cycle —»&

1 +

Figure 2-5 Machine Cycle

2.2.3 Operation Mode Control Circuit

The operation-mode control cifcuit starts and stops the oscillation circuits for the high-frequency and low-
frequency-clocks, and switches the main system clock. There are three operating modes: Single clock mode,
dual ‘clock mode and STOP mede:-These modes are controlled by the system control registers (SYSCR1 and
SYSCR2).Figure 2-6 shows'the eperating 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) NORMAL1 mode

In this mode, both the CPU core and on-chip peripherals operate using the high-frequency clock.
The TMP86FS28DFG is placed in this mode after reset.
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2. Operational Description

2.2 System Clock Controller TMPSG6ES28DEG

(2) IDLE1 mode

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

IDLE1 mode is started by SYSCR2<IDLE> = "1", and IDLE1 mode is released to NORMALI1
mode by an interrupt request from the on-chip peripherals or external interrupt inputs. When the IMF
(Interrupt master enable flag) is “1” (Interrupt enable), the execution'will resume with the acceptance
of the interrupt, and the operation will return to normal after the interfupt-service is completed. When
the IMF is “0” (Interrupt disable), the execution will resume with the.instruction which follows the
IDLE1 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 SYSCR2<TGHALT> ="1!.

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

When returned from IDLEO mode, the' CPU restarts operating; entering NORMAL1 mode back
again. IDLEO mode is entered and returriied regardless of how TBTCR<TBTEN> is set. When IMF =
“1”, EF6 (TBT interrupt individual enable flag) = “1”, and TBTCR<TBTEN> = “1”, interrupt pro-
cessing is performed. When IDLEQ@-mode is entered whilg’ TBTCR<TBTEN> = “1”, the INTTBT
interrupt latch is set after returning to NORMAL1 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 canndgt be 4sed 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,/medgs, The machine cycle-time.is 4/fc [s] in the NORMAL2 and IDLE2 modes, and
4/fs [s] (122-ps.at fs 532.768 kHz) in the SLOW-and SLEEP modes.

The TECS-870/C is ptaced in the signal-clock‘'mode during reset. To use the dual-clock mode, the low-
frequency oscilldtor-shotld be turned on at-the-start of a program.

(1) /NORMAL2 mode
In.this’'mode, the CPU core operates with the high-frequency clock. On-chip peripherals operate
using the high-frequency.clock and/or low-frequency clock.
(2) SLOWZ2'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. As the SYSCR2<SYSCK> becomes "1", the hard-
ware changes into SLOW2 mode. As the SYSCR2<SYSCK> becomes “0”, the hardware changes
into NORMAL?2 mode. As the SYSCR2<XEN> becomes “0”, the hardware changes into SLOW1
mode. Do not clear SYSCR2<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.
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Switching back and forth between SLOWI1 and SLOW2 modes are performed by
SYSCR2<XEN>. In SLOWI1 and SLEEP modes, the input clock to the st stage of the divider is
stopped; output from the 1st to 6th stages is also stopped.

(4) IDLE2 mode

In this mode, the internal oscillation circuit remain active. The CPY 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?2 mode.

(5) SLEEP1 mode

In this mode, the internal oscillation circuit of the/lew-frequency clock remains.active. The CPU,
the watchdog timer, and the internal oscillation cirCuit of the high-frequency|¢lock-are halted; how-
ever, on-chip peripherals remain active (Operate using-the low-frequency ¢lock):Starting and releas-
ing of SLEEP mode are the same as for IDLE 1/modg, excépt that operationreturns-to SLOW 1 mode.
In SLOW1 and SLEEP1 modes, the input clock to/the/1st stage of'the divider is/stopped; output from
the 1st to 6th stages is also stopped.

(6) SLEEP2 mode

The SLEEP2 mode is the idle mode corresponding to the SLOW2 mode. The status under the
SLEEP2 mode is same as thatunderthe . SLEEP 1, mode;.cxcept-forthe oscillation circuit of the high-
frequency clock.

(7) SLEEPO mode

In this mode, all the eircuit, except oscillator-and\the timer-base-timer, stops operation. This mode
is enabled by sétting’*’1” on bit SYSCR2<TGHALT>.

When SCEEPO4modg starts, the CPU stops and the timing generator stops feeding the clock to the
peripheral ¢ircuits other than ABT. Ther,upon detecting the falling edge of the source clock selected
with TBTCR<TBTCK>, the timing generatof starts feeding the clock to all peripheral circuits.

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

2.2.3.3->STOP mode

In this mode, th¢ 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.
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2.2 System Clock Controller

TMP86FS28DFG
IDLEO
mode Resetrelease | RESET
A
SYSCR2<TGHALT> ="1" Note 2
_ SYSCR2<IDLE>="1" a SYSCR1<STOP> = "1"
IDLE1 [‘ NORMAL1 ']
mode > mode <
Interrupt 7 STOP pih input
(@) Single-clock mode SYSCR2<XTEN> = "0" SYSCR2<XTEN>="1"
 SYSCR2<IDLE>="1" 2 SYSCR1<STOP>)= "1"
IDLE2 [‘ NORMAL2 ']
mode > mode <
Interrupt 1 STOR pin input
SYSCR2<SYSCK> ="0" SYSCR2<SYSek> = "1
STOP
_ SYSCR2<IDLE>="1" A
SLEEP2 [‘ SLOW2
mode > modé¢
Interrupt y
SYSCR2<XEN> ="1" SYSCR2<XEN> = "0
__ SYSCR2<IDLE>="1" : SYSCR1<$TOP>="1"
SLEEP1 [‘ SLOWY ,]
mode > maode <
Interrupt in i
(b) Dual-clock mode P 1 STOP pin input
Note 2 SYSCR2<TGHALT> ="1"
A 4
SLEERO
mode

Note 1: NORMAL1 and NORMAL2 modes-are generically called NORMAL; SLOW1 and SLOW2 are called SLOW; IDLEO, IDLE1
and IDLEZ2 are called IDLE; SLEEPO0,/SLEEP1 and SLEEP2 are called SLEEP.
Note 2: The mode is released by falling edge of TBTCR<TBTCK?> setting.

Figure 2-6{Operating Mode Transition Diagram

Table 2-1 Operating Mode and Cénditions

Oscillator
. Other Machine Cycle
O ting Mod i CPUC TBT
peraAiCe High Low ore Peripherals Time
Frequency | Frequency
RESET Reset Reset Reset
NORMAL1 Operate
Oscillation Operate 4ffc [s]
Singleelock | IDLE1 Stop Operate
IDLEO Halt
Halt
STOP Stop. Halt -
NORMAL2 Qperate with
high frequency affc [s]
IDLE2 Halt
Oscillation -
SLOW2 Operate with
low frequency Operate
illati
Dual clock | SLEEP2 Oscillation Halt Operate
SLOWA Operate with 4/fs [s]
low frequency
SLEEP1 Stop
SLEEPO Halt
Halt
STOP Stop Halt -
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TOSHIBA

System Control Register 1

SYSCR1 7 6 5 4 3 2 1 0
(0038H) | STOP | RELM | RETM | OUTEN | wuT | ‘ ‘ (Initial value: 0000 00**)
0: CPU core and peripherals remain active
STOP STOP mode start R/W
mode sta 1: CPU core and peripherals are halted (Start STQP mode)
RELM Release method for STOP 0: Edge-sen5|'t|.ve release RIW
mode 1: Level-sensitive release
Operating mode after STOP 0: Return to NORMAL1/2 mode:
RETM mode 1: Return to SLOW1 mode RIW
0: High i d
OUTEN | Port output during STOP mode 'gh impedance RIW
1: Output kept
Return to NORMAL mode Return to.SEOW mode
Warm-up time at releasing 00 342%C 3 2"ts
16 13
WUT 1 sTOP mode o1 Zfe 2s RW
10 3% 2 ¥te 3\x 2%/
1 2145 25/fs

Note 1:

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

Note 6:
Note 7:

Note 8:

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

When STOP mode is released with RESET pin input;.areturn'is made to NORMAL*fegafdless of the RETM contents.
fc: High-frequency clock [Hz], fs: Low-frequency-elock [Hz]; *; Don’t care
Bits 1 and 0 in SYSCR1 are read as undefined data when a read instruction is €xecuted.

As the hardware becomes STOP mode under OUTEN = “0”, inpUt-value is.fixed to*0”; therefore it may cause external
interrupt request on account of falling edge:

When the key-on wakeup is used, RELM-should.be set to "1".

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

The warmig-up time should be’ setcoprectly for using oscillator.

System Control Register 2

SYSCR2 7 [¢] 5 4 3 2 1 0
(0039H) | XEN | XTEN | SY¥SCK ] IDLE | | TEHALT | ‘ ‘ (Initial value: 1000 *0*)
. . 0 TFurn-off oscillation
XEN High-frequeney oscillator control 1~ Turm on-dscillation
0:.Turn off oscillation
XTEN Low-fi illat trol
ow-equency oscilator confro 1: Turh on oscillation R/W
Main’system clock select .
&vack (Write)/main system clock moni 0: High-frequency clock (NORMAL1/NORMAL2/IDLE1/IDLE2)
i 1: Low-frequency clock (SLOW1/SLOW2/SLEEP1/SLEEP2)
tor (Read)
IDLE CPU and watchdog timer control | 0: CPU and watchdog timer remain active
(IDLE1/2'and’SLEEP4/2.modes) | 1: CPU and watchdog timer are stopped (Start IDLE1/2 and SLEEP1/2 modes)
0: Feeding clock to all peripherals from TG R/W
TGHALT ;idC:sn)trol (IDLEQ and SLEEPO 1: Stop feeding clock to peripherals except TBT from TG.
(Start IDLEO and SLEEPO modes)

Note 1:

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

Note 6:
Note 7:
Note 8:

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”.

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

Bits 3, 1 and 0 in SYSCR2 are always read as undefined value.
Do not set IDLE and TGHALT to “1” simultaneously.

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

When IDLE1/2 or SLEEP1/2 mode is released, IDLE is automatically cleared to “0”.
When IDLEO or SLEEPO mode is released, TGHALT is automatically cleared to “0”.

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.
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2. Operational Description

2.2 System Clock Controller
TMP86FS28DFG

2.2.4 Operating Mode Control

2.2.4.1 STOP mode

STOP mode is controlled by the system control register 1, the STOP pin input and key-on wakeup input
(STOPS to STOP2) which is controlled by the STOP mode release control register (STOPCR).
The STOP pin is also used both as a port P20 and an INT5 (external interrupt input 5) pin. STOP mode is
started by setting SYSCR1<STOP> to “1”. During STOP mode, the following statys is maintained.

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

2. The data memory, registers, the program status word.and port.Qutpyt 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., [SEF(SYSCRI1).7])
which started STOP mode.

STOP mode includes a level-sensitive mode and-an.edgessensitive modé¢, either. of which can be
selected with the SYSCRI<RELM>. Do not use any(key-on wakeup input (3TOPS to STOP2) for releas-
ing STOP mode in edge-sensitive mode.

Note 1: The STOP mode can be released by éither the"STOP or key-on wakeup pin (STOP5 to STOP2).
However, because the STOP pin is-different-from the key-on wakeup_and/can/not inhibit the release
input, the STOP pin must be used forreleasing STOP mode.

Note 2: During STOP period (from start'of STOP mede to end of warm'up); due to changes in the external
interrupt pin signal, interrupt Jatches may. be set to /1”-and-interrupts_may be accepted immediately
after STOP mode is released. Befere starting STOR 'mode, therefore, disable interrupts. Also, before
enabling interrupts after STOP mode is released, ctlear.unnecessary interrupt latches.

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

In this mode, STOP mod¢ is released by setting the STOP pin high or setting the STOPS to STOP2
pin input which i$/enabled by STOPCR:-This mode is used for capacitor backup when the main
power supply 15 ctit off/and long termbattery backup.

Even if an-instriction for starting STOP mode is executed while STOP pin input is high or STOP5

to STOPZ.input is low, STOP mode does not start but instead the warm-up sequence starts immedi-
ately. Thus, to/start STOP mode inthe-level-sensitive release mode, it is necessary for the program to
first confirm that the STOP pin.input is low or STOP5 to STOP2 input is high. The following two
methods.can be used for confirmation.

1. Testing a port.
2. Using apexternalunterrupt input INTS (INTS5 is a falling edge-sensitive input).

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

LD (SYSCR1), 01010000B ; Sets up the level-sensitive release mode
SSTOPH: TEST (P2PRD). 0 ; Wait until the STOP pin input goes low level

JRS F, SSTOPH

DI i IMF « 0

SET (SYSCR1).7 ; Starts STOP mode
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Example 2 :Starting STOP mode from NORMAL mode with an INTS5 interrupt.

PINTS: TEST (P2PRD). 0 ; To reject noise, STOP mode does not start if
JRS F, SINT5 port P20 is at high
LD (SYSCR1), 01010000B ; Sets up the level-sensitive release mode.
DI ; IMF < 0
SET (SYSCR1). 7 ; Starts STOP mode
SINT5: RETI

STOP pin \ ‘ ViH \

)
J
1
7 \
1

: 4 i
xoursn [T -G
1

NORMAL : STOP Sie : NORMAL
operation E operation 1 Warm up > gperation
Confirm by program that the \_

STOP modeis released by the hardware.
STOP pin input is low and start <

STOP mode. Always released'if the STOP>

pin input is high.

Figure 2-7 Level-sensitive Release Maode

Note 1: Even if the STOP pin input is low after warm-up’start, the STOP mode is not restarted.

Note 2: In this case of changing te the level-sensitive.mede from the edge-sensitive mode, the release
mode is not switched untila\rising edge of the STOP-pin input is detected.

(2) Edge-sensitive release mode (RELM = “0%)

In this mode, STOPmode is released by a-rising edge of the STOP pin input. This is used in appli-
cations where ‘a r€latively short program-is exeeuted repeatedly at periodic intervals. This periodic
signal/(for example;-4 clock from a (low-power consumption oscillator) is input to the STOP pin. In
thé.edge-sensitive release mode, STOP ‘mode is started even when the STOP pin input is high level.
Do notusé.any STOPS5 to. STOP2 pin‘input for releasing STOP mode in edge-sensitive release mode.

Example :Starting STOP mode from NORMAL-mode
DI ; IMF <0

LD (SYSCR1),10040000B ; Starts after specified to the edge-sensitive release mode

. 27
STOP pin \ 7[ Vin \ \
£ . %

7 97

. £ |
xourgin TN | QI

NORMAL STOP ' STOP

i <« i —>ie Warmup S
operation operation NORMAL operation
STOP mode started operation

by the program.

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

Figure 2-8 Edge-sensitive Release Mode
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STOP mode is released by the following sequence.

1.

Note 1:

Note 2:

Note 3:

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

A warm-up period is inserted to allow oscillation time to stabilize. During warm up, all
internal operations remain halted. Four different warm-up times can be selected with the
SYSCR1<WUT> in accordance with the resonator characteristics:

When the warm-up time has elapsed, normal operation resumes-with the instruction follow-
ing the STOP mode start instruction.

When the STOP mode is released, the start is made afterthe-presealer and the divider of the
timing generator are cleared to "0".

STOP mode can also be released by inputting low level‘onthe’RESET pin, which immediately
performs the normal reset operation.

When STOP mode is released with a low hold voltage, the-following cautions.must be.observed.
The power supply voltage must be at the operating.voltage level before releasing STOP mode.
The RESET pin input must also be “H” level/Tisingtogether with the power supply voltage. In this
case, if an external time constant circuit has\béen connected, the RESET(pin)input-voltage will
increase at a slower pace than the power supply-voltage. At this-time, there is @ danger that a
reset may occur if input voltage level 0f the"RESET pin drops below the non-invérting high-level
input voltage (Hysteresis input).

Table 2-2 Warm-up Time Exampte (at fc = 16.0 MHz, s = 32.768 kHz)

Warm-up Time [ms]
WUT
Return to NORMAL Mode Return-to SLOW Mode
00 12.288 750
01 4096 250
10 3072 5.85
1 1.024 1.95

Note 1:

The warm-up'time-is obtained by dividing:the basic clock by the divider. Therefore, the warm-up
time may-include a certain amount of-error if there is any fluctuation of the oscillation frequency
when'STOP mode is released. Thus, the-warm-up time must be considered as an approximate
value.
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IDLE1/2 and SLEEP1/2 modes are controlled by the system control register 2 (SYSCR2) and maskable

IDLE1/2 mode and SLEEP1/2 mode

interrupts. The following status is maintained during these modes.

1.

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

operate.

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

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

Normal
release made

Figure 2-10

)

Y

Starting IDLE1/2 and
SLEEP1/2 modes by
instruction

v

CPU and WDT are halted

Reset input

Interrupt réquest

Yes

Interrupt processing

—=

Execution gf the instruc-
tionwhich_follows the
IDLEt/2and SLEEP1/2
modes-start instruction

<

IDLE1/2 and SLEEP1/2 Modes

Reset

“1” (Intercupt release mode)
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 Start the IDLE1/2 and SLEEP1/2 modes

After IMF is set to "0", set the individual interrupt enable flag (EF) which releases IDLE1/2
and SLEEP1/2 modes. To start IDLE1/2 and SLEEP1/2 modes, set SYSCR2<IDLE> to “1”.

» Release the IDLE1/2 and SLEEP1/2 modes

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

IDLE1/2 and SLEEP1/2 modes can also be released*by~inputtinig low level on the RESET pin.
After releasing reset, the operation mode is started from NORMALI1 mode.

(1) Normal release mode (IMF = “0”)

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 opgrationis resumed from the
instruction following the IDLE1/2 and SLEEP1/2 modes start instruction:-Normally, the interrupt
latches (IL) of the interrupt source usedfor\releasing must be cleared to “07 by load instructions.

(2) Interrupt release mode (IMF &£*12)

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

Note: When a watchdog timier, interrupts is generated immediately before IDLE1/2 and SLEEP1/2
modes are started, the watchdog timer interrupt will be processed but IDLE1/2 and SLEEP1/2
modes willnet 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 SLEEPO modes (IDLEO, SLEEPO)

IDLEO and SLEEPO modes are controlled by the system control register 2 (SYSCR2) and the time base
timer control register (TBTCR). The following status is maintained during IDLEO and SLEEP0O 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 IDLEO and SLEEPO modes were entered.

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

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

Y

Stopping peripherals
by instruction

v

Starting IDLEO, SLEEPO
modes by instrdction

|

CPU and WDT-are halted

Reset input
No

TBT
source clock
falling
edge

Yes
TBTERITBTEN>
="1"
Yes
TIBT interrupt
enable
Yes

Yes (Interrupt release mode)

Reset

(Normal release mode)

Interrupt processing

Execution of the instruction
which follows the IDLEDO,
SLEEPO modes start
instruction

<

Figure 2-12 |IDLEO and SLEEPO Modes
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« Start the IDLEO and SLEEPO modes
Stop (Disable) peripherals such as a timer counter.

To start IDLEO and SLEEPO modes, set SYSCR2<TGHALT> to “1”.

* Release the IDLEO and SLEEPO modes
IDLEO and SLEEPO modes include a normal release mode and 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 SLEEPO 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 modej when/the TBTCR<TBTEN> is set to “1”,

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-stapted from NORMALL mode:

Note: IDLEO and SLEEPO modes start/release without refereneé to TBTCR<TBTEN>'setting.

(1)  Normal release mode (IMFeEF6¢TBTCR<TBTEN> = “0%)

IDLEO and SLEEPO modes are feleased by the source clack falling edge, which is setting by the
TBTCR<TBTCK>. After the falling.edge is detected;-the program operation is resumed from the
instruction following the IDIEO-and SUEEPO modes start instruction. Before starting the IDLEO or
SLEEPO mode, when the TBTCR<TBTEN> is‘setto “1”, INTTBT interrupt latch is set to “1”.

(2) Interrupt release’'mode(IMFeEFG6eTBTCR<TBTEN> = “17)

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

Note’1: Because returhing from IDLEO, SLEEPOto NORMAL1, 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 watchdod timer interrupt is'generated immediately before IDLEO/SLEEPO mode is
started, the watchdog.timer interrupt will be processed but IDLEO/SLEEPO mode will not be
started.
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2.2.4.4 SLOW mode

SLOW mode is controlled by the system control register 2 (SYSCR?2).

The following is the methods to switch the mode with the warm-up counter.

(1) Switching from NORMALZ2 mode to SLOW1 mode

First, set SYSCR2<SYSCK> to switch the main system clock ‘to.the low-frequency clock for
SLOW?2 mode. Next, clear SYSCR2<XEN> to turn off high-frequency-escillation.

Note: The high-frequency clock can be continued oscillation in_order to'return’ to NORMAL2 mode from
SLOW mode quickly. Always turn off oscillation of high-frequency elock'when switching from
SLOW mode to stop mode.

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

SET (SYSCR2). 5 ; SYSCR2<8YSCK> <1
(Switches the/main system clock te.the low-frequency,
clock for SLOW2)

CLR (SYSCR2). 7 ; SYSCR2<XEN><— 0

(Turns-eff high-frequency oscillation)

Example 2 :Switching to the SLOW 1 mode after/dow=frequency clock has stabilized:

SET (SYSCR2). 6 ; SYSCR2<XTEN><=+
LD (TC3CR), 43H ; Sets modefor-TC4, 3 (16-bit mode, fs for source)
LD (TC4CR), 05H ; Sets warming-up ceunter mode
LDW (TTREG3),-8000H ; Sets warm-up time (Depend on oscillator accompanied)
DI ; IMF <—Q
SET (EIRE). § ; Enables INTTC4
El LIMP 5
SET (TC4CR). 3 ; Starts TC4, 3
PINTTC4: CLR (TC4CR). 3 ; Stops TC4, 3
SET (SYSCR2). 5 ; SYSCR2<SYSCK> <— 1

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

CLR (SYSCR2).'7 ; SYSCR2<XEN> <— 0
(Turns off high-frequency oscillation)

RETI

VINTTC4: DW PINTTC4 ; INTTC4 vector table

Page 28



To s H I BA TMP86FS28DFG

(2) Switching from SLOW1 mode to NORMAL2 mode

First, set SYSCR2<XEN> to turn on the high-frequency oscillation. When time for stabilization
(Warm up) has been taken by the timer/counter (TC4,TC3), clear SYSCR2<SYSCK> to switch the
main system clock to the high-frequency clock.

SLOW mode can also be released by inputting low level on the ReSET pin./After releasing reset, the
operation mode is started from NORMAL1 mode.

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

High-frequency clock _|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_
Low-frequency clock _l—l_—l—l_

Main system clock _I—I_LI_I_I_I_I_I_I_I_I_I_I—
SYSCK —_—

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

PINTTC4:

VANTTC4:

SET (SYSCR2). 7 ; SYSCR2<XEN> <— 1 (Starts high-frequency oscillation)
LD (TC3CR), 63H Sets mode for T€4, 3(16-bitmode;fc/for source)

LD (TC4CR), 05H ; Sets warming<up counter mode

LD (TTREG4), OF8H ; Sets warm-up time

DI ; IMF <— 0

SET (EIRE).\5 ; Enables INTTC4

El ; IMF <=1

SET (TC4CR). 3 ) Stafts TG4, 3

CLR (TC4CR). 3 ;7 Stops TC4, 3

CLR (SYSCR2). 5 ; SYSCR2<SYSCK> <— 0

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

RETI

DW PINTTC4 ; INTTC4 vector table
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2.3 Reset Circuit

The TMP86FS28DFG has four types of reset generation procedures: An external reset input, an address trap reset,
a watchdog timer reset and a system clock reset. Of these reset, the address trap reset, the watchdog timer and the
system clock reset are a malfunction reset. When the malfunction reset request is detected, reset occurs during the
maximum 24/fc[s].

The malfunction reset circuit such as watchdog timer reset, address trap reset andsystem clock reset is not initial-
ized when power is turned on. Therefore, reset may occur during maximum 24/f¢[s]~(1.5us at 16.0 MHz) when
power is turned on.

Table 2-3 shows on-chip hardware initialization by reset action.

Table 2-3 Initializing Internal Status by Reset Action

On-chip Hardware Initial Value On-chip Hardware Initial Value
Program counter (PC) (FFFEH)
Stack pointer (SP)| Notinitialized Prescaler and dividerof timing,generator 0
Ge”(;r/?;"’“é’p:el;yes’is:"i X 1) Not initialized
Jump status flag (JF)| Not initialized | Watchdog/timer. Enable
Zero flag (ZF)| Not initialized
Carry flag (CF)| Not initialized
Half carry flag (HF) | Not initialized
Output latches of I/0O ports Refer to 1/0 port circuitry
Sign flag (SF) | Not initialized
Overflow flag (VF)| Not initialized
Interrupt master enable flag (IMF) 0
Interrupt individual enable flags  (EF) 0 ) Refer to each of control
Control registers. .
Interrupt latches (IL) ) register
LCD data buffer Not initialized
RAM Not initialized

2.3.1 External Resét Input

The RESET pin contains a Schmitt trigger (Hysteresis) with an internal pull-up resistor.

Whenthé RESET pin is held at “L” level fopat 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 output
circuit

Address trap reset |

th

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 WDTCR1<ATAS> is set to “1”), DBR or the SFR area, address trap reset will be
generated. The reset time is maximum 24/fc[s] (1.5us at 16.0 MHz).

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

Instruction JP a (Reset release X Instruction at address r
execution , !

Address trap is occurred

(
L
.
Internal reset | :
- kll L|4 !
< it <t

maximum 24/fc [s] 4/fc to 12/fc [s] ! 16/fc [s] :

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

Figure 2-16 Address Trap Reset

2.3.3 Watchdog timer reset

Refer to Section “Watchdog Timer”.

2.3.4 System clock reset

If the condition as follows is detected, the system clock reset eccurs automatically to prevent dead lock of the
CPU. (The oscillation is continued without/stopping.)

- In case of clearing SYSCR2<XEN> and SYSCR2<XTEN> simultaneously to “0”.
- In case of clearing SYSCR2<XEN> to “0”, whenthe SYSCR2<SYSCK> is “0”.
- In case of clearing SYSCR2<XTEN> to “0%, when the SYSCR2<SYSCK> is “1”.

The reset time/is maximum 24/fc (1.5 ps at 16.0/MHgz).
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3. Interrupt Control Circuit

The TMP86FS28DFG has a total of 23 interrupt sources excluding reset. 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 latches (IL), which hold interrupt requests, and independent vectors.
The interrupt latch is set to “1” by the generation of its interrupt request which requests the CPU to accept its inter-
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 aceepted/in order which is domi-
nated by hardware. However, there are no prioritized interrupt factors among non-maskable interrupts.

Interrupt Factors Enable Condition lni:::]pt A\;Zc:':)srs Priority

Internal/External (Reset) Non-maskable - FFFE 1
Internal INTSWI (Software interrupt) Non-maskable - FEFC 2
Internal :::Z:,J.ES;EF (Executed the undefined instruction Non-fraskable J| FEEC 2
Internal INTATRAP (Address trap interrupt) Non-maskable L2 FFFA 2
Internal INTWDT (Watchdog timer interrupt) Nonh-maskable L3 FFF8 2
External INTO IME+ EF4 =1, INTOEN =1 L4 FFF6 5
External INT1 IMF+-EF5 =1 IL5 FFF4 6
Internal INTTBT IMF« EF6 =1 IL6 FFF2 7
Internal INTTC10 IMF+ EF7 =1 L7 FFFO 8
Internal INTRXDO IMF+ EF8= 1 IL8 FFEE 9
Internal INTTXDO IMF-EF9-= 1 IL9 FFEC 10
Internal INTTC11 IMF+ EF10 =4 IL10 FFEA 1
External INT2 IMF+ EF11 =1 IL11 FFE8 12
- Reserved IMF~EF12 =1 IL12 FFE6 13
Internal INTSIO IME-EF43.=1 IL13 FFE4 14
- Reserved IMFs EF14 = 1 IL14 FFE2 15

- Resérved IMF+ EF15 =1 IL15 FFEO 16

- Reserved IMF+ EF16 =1 IL16 FFBE 17

- Reserved NMFe EF17 =1 IL17 FFBC 18

- Reserved IMF+ EF18 =1 IL18 FFBA 19

- Reserved IMF+ EF19 =1 IL19 FFB8 20
Internal INTTC3 IMF+ EF20 = 1 IL20 FFB6 21
Internal INTFC4 IMF+ EF21 =1 1L21 FFB4 22
External INT3 IMF+ EF22 = 1 IL22 FFB2 23
Internal INTTC5 IMF+ EF23 =1 IL23 FFBO 24
Internat INTTC6 IMF+ EF24 =1 IL24 FFAE 25
External INT4 IMF« EF25 = 1 IL25 FFAC 26
External INT5 IMF+ EF26 = 1 1L26 FFAA 27
Internal INTRXD1 IMF« EF27 =1 IL27 FFA8 28
Internal INTTXD1 IMF- EF28 = 1 1L28 FFA6 29
Internal INTADC IMF« EF29 = 1 IL29 FFA4 30
- Reserved IMF+ EF30 =1 IL30 FFA2 31

- Reserved IMF+ EF31 =1 IL31 FFAO 32

Note 1: To use the address trap interrupt (INTATRAP), clear WDTCR1<ATOUT> to “0” (It is set for the “reset request” after reset is
cancelled). For details, see “Address Trap”.

Note 2: To use the watchdog timer interrupt (INTWDT), clear WDTCR1<WDTOUT> to "0" (It is set for the "Reset request" after
reset is released). For details, see "Watchdog Timer".
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3.1 Interrupt latches (IL29 to IL2)

TMP86FS28DFG

3.1

Interrupt latches (IL29 to IL2)

An interrupt latch is provided for each interrupt source, except for a software interrupt and an executed the unde-
fined instruction 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. The interrupt latch is cleared to "0" immediately after accepting inter-
rupt. All interrupt latches are initialized to “0” during reset.

The interrupt latches are located on address 002EH, 002FH, 003CH and 003DHin SFR area. Each latch can be
cleared to "0" individually by instruction. However, IL2 and IL3 should not be clearédto"0" by software. For clear-
ing the interrupt latch, load instruction should be used and then IL2 and IL3 should be.set to 1". If the read-modify-
write instructions such as bit manipulation or operation instructions are used,-interrupt-réquest would be cleared
inadequately if interrupt is requested while such instructions are executed.

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: In main program, before manipulating the interrupt enable flag (EF) or the'interrupt latch (IL), be sure-to clear IMF to
"0" (Disable interrupt by DI instruction). Then set IMF newly again as required-after operating on-the EFor ik
(Enable interrupt by El instruction)

In interrupt service routine, because the IMF becomes "0" automatically, clearing IMF need pot execute hormally on
interrupt service routine. However, if using multiple interrupt on intetrupt)service routine, manipulating-EF or IL
should be executed before setting IMF="1".

Example 1 :Clears interrupt latches

DI ; IMF <=0
LDW (ILL), 1110100000411411B ; IL12ACT0 to JL6 <0
El s IME <— 1

Example 2 :Reads interrupt latchess

LD WA, (ILL) s W < ILH, A < ILL

Example 3 :Tests interrupt latches

3.2

TEST (ILL). 7 127 = 1 then jump
JR F, SSET

Interrupt enable register (EIR)

The interrupt enable register (EIR) enables and disables the acceptance of interrupts, except for the non-maskable
interrupts (Seftware.intérrupt, 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 ehable flag (IMF) and the individual interrupt enable flags (EF). These
registers are-located on address 002CH,) 002DH, 003AH and 003BH in SFR area, and they can be read and written
by an instruetions (Including réad-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 = “0”, all maskable interrupts are not accepted regardless of the status on each individual interrupt
enable flag (EF). By setting IMF to “1”, the interrupt becomes acceptable if the individuals are enabled. When
an interrupt is accepted, IMF is cleared to “0” after the latest status on IMF is stacked. Thus the maskable 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 (EF29 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 (EF29 to EF4) are initialized to “0” and
all maskable interrupts are not accepted until they are set to “1”.

Note:In main program, before manipulating the interrupt enable flag (EF) or the interruptlatch (IL), be sure to clear
IMF to "0" (Disable interrupt by DI instruction). Then set IMF newly again as required after operating on the EF
or IL (Enable interrupt by El instruction)

In interrupt service routine, because the IMF becomes "0" automatically, clearing IMF need not execute nor-
mally on interrupt service routine. However, if using multiple interrupt on intérrupt service routine, manipulat-
ing EF or IL should be executed before setting IMF="1".

Example 1 :Enables interrupts individually and sets IMF

DI i IMF =0

LDW (EIRL), 1110100010100000B -EF1540 EF13, EF11, EF7, EF5 <1
: NoterIMF should not be set,

El NMF <—1

Example 2 :C compiler description example
unsigned int _io (3AH) EIRL; /* 3AH shows EIRL address */
_DIo;
EIRL = 10100000B;

_EI();
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3.2 Interrupt enable register (EIR) TMP86FS28DFG

Interrupt Latches

(Initial value: 00000000 000000**)
ILH,ILL 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

(003DH,003CH)| IL15| IL14‘ IL13‘ IL12‘ IL11 ‘ ||_10‘ IL9 ‘ IL8 | IL7 ‘ IL6 ‘ IL5 ‘ IL4 | IL3 ‘ IL2 ‘ ‘ ‘

ILH (003DH) ILL (003CH)

(Initial value: 00000000 00000000)
ILD,ILE 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

(002FH, 002EH) | IL31 | IL30 | IL29 | IL28 | IL27 | IL26 | IL25 | IL24 | IL23 | 22 | IL21 | iL20 | IL19 | IL18 | IL17 | IL16 |

ILD (002FH) ILE (002EH)
at RD at WR
IL29 to IL2 Interrupt latches 0: No interfupt request 0: Clears the interrupt request R/W
1: Interrupt request 1: (Interrupt/fatch.is-not set.)

Note 1: To clear any one of bits IL7 to IL4, be sure to write "1" into IL2'and IL3,

Note 2: In main program, before manipulating the interrupt enaple flag (EF)-or the interrupt latch-(IL),\bé sure to clear IMF to "0"
(Disable interrupt by DI instruction). Then set IMF newly again-as.required after operating-en-the EF or IL (Enable interrupt
by El instruction)

In interrupt service routine, because the IMF becotmes "0" automatically, clearing.IMF _need not execute normally on inter-
rupt service routine. However, if using multiple interrupt en interrupt service routine, manipulating EF or IL should be exe-
cuted before setting IMF="1".

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

Interrupt Enable Registers

(Initial value: 00000000 0000***0)

EIRH.EIRL 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
(003BH,003AH)| EF15‘ EF14‘ EF13| EF12‘ EF11 ‘ EF10| EF9 ‘ EF8 | EF7 ‘ EF6 ‘ EF5 ‘ EF4 | ‘ ‘ | IMF |
ERH.(003BH) EIRL (003AH)

(Initial value: 00000000 00000000)

EIRD,EIRE 15 14 13 12 11 10. 9 8 7 6 5 4 3 2 1 0
(002DH, 002CH) | EF31 | EF30 | EF29 | EF28 | EF27 | EF26 | EF25 | EF24 | EF23 | EF22 | EF21 | EF20 | EF19 | EF18 | EF17 | EF16 |
EIRD (002DH) EIRE (002CH)
EF29 to.EF4 Individual-interrupt enable flag | 0: Disables the acceptance of each maskable interrupt.
(Specified-for each bit) 1: Enables the acceptance of each maskable interrupt.
R/W
0: Disables the acceptance of all maskable interrupts
IMF | le fl
nterrupt master enable flag 1: Enables the acceptance of all maskable interrupts

Note 1: ™. Den’t care
Note 2: Donet set IMF and thé interrupt enable flag (EF15 to EF4) to “1” at the same time.

Note 3:.In main program, before manipulating the interrupt enable flag (EF) or the interrupt latch (IL), be sure to clear IMF to "0"
(Disable interrupt by DI instruetion). Then set IMF newly again as required after operating on the EF or IL (Enable interrupt
by El instruction)

In interrupt service routine, because the IMF becomes "0" automatically, clearing IMF need not execute normally on inter-
rupt service routine. However, if using multiple interrupt on interrupt service routine, manipulating EF or IL should be exe-
cuted before setting IMF="1".
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3.3 Interrupt Sequence

An interrupt request, which raised interrupt latch, is held, until interrupt is accepted or interrupt latch is cleared to
“0” by resetting or an instruction. Interrupt acceptance sequence requires 8 machine cycles (2 us @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 to “0” if order'\to/disable the acceptance of any fol-
lowing interrupt.
b. The interrupt latch (IL) for the interrupt source accepted is|cleared to“0”.

c¢. 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 s¢quence.of PSW + IMF,[PCH, RCL. 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 theuinterrupt 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 '
1-machine cycle < >l

> | | | | | | | l | | ISSI 1 | | | | | | |

—1

|

) I ) )
L] L] L] L]
Interrupt '/ 1 1 1
request L L L L
L] L] L] L]
Interrupt : [ : :
latch (IL) ! ! /' : .
: : : :

)
IMF ' (l :
[ L]
L] )

%

Execute Execute
instruction instruction X
P ¥V X

SP 0

Note 1: a: Return-address entry address, b: Entry address, c: 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
maghine _cycle on 10 cycle instruction) to start interrupt acceptance processing since its interrupt latch is set.

Figure 3=1/Timing Chart-ef\Interrupt Acceptance/Return Interrupt Instruction

Example: Correspondénce.between vector table address for INTTBT and the entry address of the interrupt
setvice program

Vector table address Entry address
D203H
Vector
D204H

Figure 3-2 Vector table address,Entry address

Interrupt
service
program
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3.3 Interrupt Sequence

TMP86FS28DFG

3.3.2

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.

Saving/restoring general-purpose registers

During interrupt acceptance processing, the program counter (RC) 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 servic€s-are-nested, it is also necessary to avoid using
the same data memory area for saving registers. The following metheds 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-ofithe same source are nésted, 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 ; Restore WA register
RETI ; RETURN
.............................................................................. Address
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (Example)
""""""""""" sP— S s
| Y Aol 7 e b-4
SP —>» W SP — b-3
PCL PCL b-2
PCH PCH b-1
....... PSW LPSwo b SP |
Atacceptance of [=) Atgxecution of C—)> Atexecution of C—>  Atexecution of
aninterrupt RUSH instruction POP instruction RETI instruction

Figure 3-3 Save/store register using PUSH and POP instructions

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)
LD A, (GSAVA) ; Restore A register
RETI ; RETURN

Main task

Interrupt Interrupt
acceptance service task

Saving
registers

Restoring
registers

)

1—
Interrupt return

Saving/Restoring general-purpose registersusing PUSH/POP data tfansfey/instruction

Figure 3-4 Saving/Restoring General-purpose Registers under Interrupt Processing

3.3.3 Interrupt return

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

[RETI)/[RETN] Intersupt Return

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

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

Note?If [RETN]Jis 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
RCH are located on address (SP+ %) and (SP + 2) respectively.

Example t:Returning from address/trap.interrupt (INTATRAP) service program

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

(interrupt processing)

RETN ; RETURN

Page 41




3. Interrupt Control Circuit

3.4 Software Interrupt (INTSW) TMP86FS28DFG

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

PINTxx: INC SP ; Recover SP by 3
INC SP
INC SP

(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 exécuted,

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 underINTATRAP (such as Example
2).

Note 2: When the interrupt processing time is longer than the interruptirequest.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 intecrupt processing (INTSW
is highest prioritized interrupt).

Use the SWI instruction only for detection of the address.¢rror or for debugging,

3.4.1 Address error detection

FFH is read if for some cause such as noise the CPU attempts-to’ fetch an instruction from a non-existent
memory address during single chip mode.Code FFH is the SWI instruction, so a software interrupt is gener-
ated and an address error is detected: The address error detection range can be further expanded by writing
FFH to unused areas of the program memory. Address-trap, reset is generated in case that an instruction is
fetched from RAM, DBRor SFR-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 pro-
cess is broken and INTATRAP interrupt process starts, soon after it is requested.

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

The TMP86FS28DFG has 6 external interrupt inputs. These inputs are equipped with digital noise reject circuits
(Pulse inputs of less than a certain time are eliminated as noise).

Edge selection is also possible with INT1 to INT4. The INT0/P30 pin can be configured as either an external inter-
rupt input pin or an input/output port, and is configured as an input port during reset.

Edge selection, noise reject control and INT0/P30 pin function selection are performed by the external interrupt
control register (EINTCR).

Source Pin Enable Conditions Release Edge (level) Digital Noise Reject

Pulses.ofless-than 2/fc [s] are eliminated as
noise/Pulses of 7/fc [s] or more are considered
to be signals. In'the SLOW or the SLEEP mode,
pulses-of lessthan 1/fs [s] are eliminated as
noise."Pulses of 3.5/fs [s] or more-are.consid-
ered to'be signals.

INTO INTO IMF ¢+ EF4 + INTOEN=1 Falling edge

Pulses of less than 15/fc lor 63/fe [s}.are elimi-
nated as noise. Pulses of 49/fc or 193/fc [s] or
more are considered to be signals,-Inithe SLOW
or the SLEEP mode;-pulses of l€ssthan 1/fs [s]
are eliminated as noise. Rulses of 3.5/fs [s] or
more are considefed-to be-signals.

Falling edge
INT1 INT1 IMF + EF5 =1 or
Rising edge

Pulses of less.than 7/f¢ [s] are eliminated as
noise. Pulses.of 25/fc [$] or more are considered
to be signals/In'the SLOW or the SLEEP mode,
pulses.of Iess 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 IMF ¢« EF11 =1 on
Rising edge

Pulses/of/less than 7/fc [s] are eliminated as
noise! Pulses of 25/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 consid-
ered to be signals.

Falling edge
INT3 INT3 IMF « EF22 51 or
Rising edge

Pulses of less than 7/fc [s] are eliminated as
noise. Pulses of 25/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 consid-
ered to be signals.

Falling edge;

Rising edge;

INT4 INT4 IMF ¢+ EF25="1 Falling and Rising edge
or

H level

Pulses of less than 2/fc [s] are eliminated as
noise. Pulses of 7/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 consid-
ered to be signals.

INTS INT5 IMF + EF26 =1 Falling edge

Note 1=In"NORMAL1/2 or \DEE1/2 mode, if a signal with no noise is input on an external interrupt pin, it takes a maximum of "sig-
nat establishment time # 6/fs[s]" from the input signal's edge to set the interrupt latch.

Note 2: When INTOEN = "0",/1L4"is not set even if a falling edge is detected on the INTO pin input.

Note-3:"'When a pin with more than-one function 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 processing such
as disabling the interrupt enable flag.
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3.7 External Interrupts

TMP86FS28DFG
External Interrupt Control Register
EINTCR 7 6 5 4 3 2 1 0
(0037H) | INTING | INTOEN | INT4ES | INT3ES | INT2ES | INT1ES | (Initial value: 0000 000%)

INTING Noise reject time select 0: Pulses of less than 63/fc [s] are el!m!nated as no!se RIW

1: Pulses of less than 15/fc [s] are eliminated as noise
S ) . 0: P30 input/output port
INTOEN P30/INT! f t — R/W
0 S0/INTO pin configuration 1: INTO pin (Port P30 should be set to an‘input mode) /

00: Rising edge
01: Falling edge

INT4 ES INT4 ed lect R/W

edge selec 10: Rising edge and Falling-edge

11: H level
0: Risi d

INT3 ES INT3 edge select Ising ecge RIW
1: Falling edge
0: Risi d

INT2 ES INT2 edge select sing ecge RIW
1: Falling edge
0: Risi

INT1 ES INT1 edge select Ising edge RIW
1: Falling edge

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

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

Note 3: The maximum time from modifying INT1NC uriti-a_heise-rgject time is changedis/28/fc:

Note 4: In case RESET pin is released while the state of\INT4 pin’keeps "H" level, the\éxternal interrupt 4 request is not generated
even if the INT4 edge select is specified as 'H"level. The rising edge is needed after RESET pin is released.

Page 44



TOSHIBA

TMP86FS28DFG

4. Special Function Register (SFR)

The TMP86FS28DFG adopts the memory mapped I/O system, and all peripheral control and data transfers are
performed 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 OFOOH to OFFFH.

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

TMP86FS28DFG.
41 SFR

Address Read Write
0000H PODR
0001H P1DR
0002H P2DR
0003H P3DR
0004H P4DR
0005H P5DR
0006H P6DR
0007H P7DR
0008H P8DR
0009H TC3CR
000AH TC4CR
000BH TC5CR
000CH TC6CR
000DH Reserved
000EH Reserved
000FH Reserved
0010H TC10DRAL
0011H TC10DRAH
0012H TC10DRBL
0013H TC10DRBH
0014H TC10CR
0015H TTREG3
0016H TTREG4
0017H TTREG5
0018H TTREG6
0019H PWREG3
001AH PWREG4
001BH PWREG5
001CH PWREG6
001DH Reserved
001EH Reserved
001FH Reserved
0020H TC11DRAL
0021H TC11DRAH
0022H TC11DRBL
0023H TC11DRBH
0024H TC11CR
0025H Reserved
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4. Special Function Register (SFR)

4.1 SFR
TMP86FS28DFG

Address Read Write
0026H Reserved
0027H Reserved
0028H Reserved
0029H Reserved
002AH Reserved
002BH P30OUTCR
002CH EIRE
002DH EIRD
002EH ILE
002FH ILD
0030H Reserved
0031H - STOPCR
0032H POQUTCR
0033H Reserved
0034H - WDTCRA1
0035H - WDTCR2
0036H TBTCR
0037H EINTCR
0038H SYSCR1
0039H SYSCR2
003AH EIRL
003BH EIRH
003CH ILL
003DH ILH
003EH 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 Jatches cannot use the,read-modify-write instructions (Bit manipulation instructions such
as SET, CLR, étc. and logical-operation instructions such{as AND, OR, etc.).
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Address Read Write
OFOOH Reserved
OF5FH Reserved
Address Read Write
OF60H SIOBRO
OF61H SIOBR1
OF62H SIOBR2
OF63H SIOBR3
0F64H SIOBR4
OF65H SIGBR5
OF66H SIOBR6
OF67H SIOBR7
OF68H - SIOCR1
OF69H SIOSR SIOCR2
Address Read Write
OF70H Reserved
OF7FH Reserved
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4. Special Function Register (SFR)

4.2 DBR

TMP86FS28DFG

Address Read I Write
OF80H Reserved
OF9FH Reserved

Address Read \Write
OFAOH Reserved
OFA1H Reserved
OFA2H Reserved
OFA3H Reserved
OFA4H Reserved
OFA5H Reserved
OFA6H Reserved
OFA7H Reserved
OFA8H Reserved
OFA9H Reésérved
OFAAH Reserved
OFABH Reserved
OFACH Reserved
OFADH Reserved FLSSTB
OFAEH Reserved
OFAFH FLSCR
OFBOH Reserved
OFB1H Reserved
OFB2H Reserved
OFB3H Reserved
OFB4H Reserved
OFB5H Reserved
OFB6H Reserved
OFB7H Reserved
ORB8H Reserved
OFB9H Reserved
OFBAH Reserved
OFBBH Reserved
OFBCH Reserved
OFBDH Reserved
OFBEH Reserved
OFBFH Reserved
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Address Read Write
OFCOH SEG1/0
OFC1H SEG3/2
OFC2H SEG5/4
OFC3H SEG7/6
OFC4H SEG9/8
OFC5H SEG11/10
OFC6H SEG13/12
OFC7H SEG15/14
OFC8H SEG17/16
OFC9H SEG19/18
OFCAH SEG21/20
OFCBH SEG23/22
OFCCH SEG25/24
OFCDH SEG27/26
OFCEH SEG29/28
OFCFH SEG31/30
OFDOH SEG33/32
OFD1H SEG35/34
OFD2H SEG37/36
OFD3H SEG39/38
OFD4H P4LCR
OFD5H P5LCR
OFD6H P6LCR
OFD7H P7ZLCR
OFD8H P8LER
OFD9H LCDCR
OFDAH Reserved
OFDBH Reserved
OFDEH Reserved
OFDDH Reserved
OFDEH Reserved
OFDFH Reserved
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4. Special Function Register (SFR)

4.2 DBR
TMP86FS28DFG

Address Read Write
OFEOH ADCDR2 -
OFE1H ADCDR1 -
OFE2H ADCCR1
OFE3H ADCCR2
OFE4H Reserved
OFE5H UARTOSR UARTOCR1
OFE6H - UARTOCR2
OFE7H RDOBUF TDOBUE
OFE8H UART1SR UART1CR1
OFE9H - UART1CR2
OFEAH RD1BUF TD1BUF
OFEBH Reserved
OFECH Reserved
OFEDH Reserved
OFEEH Reéserved
OFEFH Reserved
OFFOH POPRD =
OFF1H Reserved
OFF2H P2PRD -
OFF3H P3PRD -
OFF4H P4PRD -
OFF5H R5PRD -
OFF6H P6PRD -
OFF7H P7PRD -
OFF8H P8PRD -
OFF9H P1CR1
OFFAH P1CR2
OFFBH PAOUTCR
OFFCH P50UTCR
OFFDH P6OUTCR
OFFEH P70OUTCR
OFFFH P8OUTCR

Note 1: Do not agcess reserved areas by the program.
Note 2: —; Canno6t be accessed.

Note 3: Write-only registers and interrupt |atthes 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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5. 1/0 Ports

The TMP86FS28DFG has 9 input/output ports (62 pins) as shown below.

Table 5-1  Port Functions
Primary Function Secondary Functions

Port PO 3-bit input/output port External interrupt input, PPG output

Port P1 8-bit input/output port Analog input, STOP mode release signahinput

Port P2 3-bit inputioutput port External ilnterrL'th input, low-frequency resonator connection, STOP mode
release signal input

Port P3 8-bit inputioutput port !External intemljp.t input, timerfeounter input, serial interface input/output, UART
input/output, divider output

Port P4 8-bit input/output port External interrupt input, timer/counter input, LCD segment output, PPG output

Port P5 8-bit input/output port Timer/counter inpat/output, LCD segment output, UART input/output

Port P6 8-bit input/output port LCD segment output

Port P7 8-bit input/output port LCD segment output

Port P8 8-bit input/output port LCD segmentoutput

Table 5-2 Register List

Port Latch Read Pch-Control CR1% CR2 LCD Control

PO PODR (0000H) POPRD (OFFOH) POOUTCR (0032H) | — - -

P1 P1DR (0001H) - = P1CR1 (OFF9H) P1CR2 (OFFAH) -

P2 P2DR (0002H) P2PRD (OFF2H) 3 - - -

P3 P3DR (0003H) P3PRD (0FF3H) P30OUTCR (002BH) | ~ - -

P4 P4DR (0004H) P4PRD_(OFF4H) P40OUTCR (OFEBH) | = - P4LCR (OFD4H)
P5 P5DR (0005H) P5PRD (OFF5H) P5QUTCR (0FFCH) [<— - P5LCR (OFD5H)
P6 P6DR (0006H) P6PRD (0FF6H) P6OUTCRY(OFFDH) | < - P6LCR (OFD6H)
P7 P7DR (0007H) P7PRD (OFF7H) PZOUTCR(OFFEH) | — - P7LCR (OFD7H)
P8 P8DR (0008H) P8PRD (0FF8H) P8OUTER (OFFFH) | — - P8LCR (OFD8H)
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Each output port contains a latch for holding output data. All input ports do not have latches, making it necessary
to externally hold input data until it is read externally or to read input data multiple times before it is processed. Fig-
ure 5-1 shows input/output timings.

External data is read from an input/output port in the S1 state of the read cycle in instruction execution. Since this
timing cannot be recognized externally, transient input such as chattering must be processed by software. Data is out-
put to an input/output port in the S2 state of the write cycle in instruction execution.

Fetch cycle Fetch cycle Read cycle
S00 S10520S30 S00 S10 520 S30 S0 S11/520)/S3

IEx: ILD AI (x)I

Instruction

executioncycle _ ___ 1 1 h I !

Input strobe

Data input d\xl : | X

(a) Inputtiming

Fetch cycle Fetch cycle Write cycle

S00 S10S20 S30 S0 S1:62£] S30 S0 S10 S28.S3

IEx: !_D (Ix),AI

Instruction

executioncycle . __. 1 1 1 1 q

Output latch pulse |_|
1
X

Data output

(b) Output timing

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

Figure 5-1 Input/Output Timings (Example)
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5.1

Port PO (P00 to P02)

Port PO is a 3-bit input/output port that can also be used for external interrupt input or PPG output.

A reset initializes the output latch (PODR) to “1”” and the Pch control (POOUTCR) to “0”.

To use a pin in Port PO as an input port or external interrupt input, set PODR to “1” and then set the corresponding

bit in POOUTCR to “0”.

To use a pin in Port PO as a PPG output, set PODR to “1”.
The output circuit of Port PO can be set either as sink open-drain output (“0”) or CMOS/output (“1”) individually

for each bit in POOUTCR.

Port PO has a separate data 