TOSHIBA TMP86P202/203

CMOS 8-Bit Microcontroller

TMP86P202P/M, TMP86P203P/M

The TMP86P202/203 are high-speed and high-performance 8-bit single chip microcomputers with small
package. The MCU contain CPU core, ROM, RAM, multirole timer counter, and 8-bit AD converter, on a chip.

Product No. ROM RAM Package Resonator

TMP86P202P P-DIP20-300-2.54D .

Ceramic, Crystal resonator
TMP86P202M* . . P-SOP20-300-1.27

2 K x 8 bits 128 x 8 bits

TMP86P203P* P-DIP20-300-2.54D

RC resonator
TMP86P203M* P-SOP20-300-1.27

*: Under development
Features

& 8-bit single chip microcomputer TLCS-870/C series P-DIP20-300-2.54D

Instruction execution time: 0.50 us (fc=8 MHz)

*

& 132 types and 731 basic instructions

& Interrupt sources: 11 factors (External: 3, Internal: 8)
*

Input/Output ports: 14 pins

TMP86P202P
e High-Current Output 2 pins (Typ. 20mA) TMP86P203P*
& 8-bit timer/counter: 2 ch
® Timer, PDO output, Event counter, PWM output, PPG modes | p-sop20-300-1.27
® DPossible to use as 16-bit timer by connecting each other
4 Time Base Timer PN

& Divider output function e

¢ Watchdog Timer ‘E@&'

® Interruptsource/Internal Reset (programmable)
TMP86P202M*

@ 8-bit successive approximate type AD converter TMP86P203M*

¢ Analoginput: 4 ch *: Under development

000707EBP1

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

@ TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor
devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress.
It is the responsibility of the buyer, when utilizing TOSHIBA products, to complfy with the standards of safety in
making a safe design for the entire system, and to avoid situations in which a malfunction or failure of such TOSHIBA
products could cause loss of human life, bodily injury or damage to property.

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

@ The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer,
personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These
TOSHIBA products are neither intended nor warranted for usage in equipment that requires extraordinarily high
quality and/or reliability or a malfunction or failure of which may cause loss of human life or bodily injury
("Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or spaceship instruments,
transportation instruments, traffic signal instruments, combustion control instruments, medical instruments, all types of
safety.dkevices, etc.. Unintended Usage of TOSHIBA products listed in this document shall be made at the customer's
own risk.

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

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

@ The information contained herein is subject to change without notice.
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TOSHIBA TMP86P202/203

4 Power saving operating modes (3 modes)
® STOPmode: Oscillation stops. Battery/Capacitor back-up. Port output hold/High-impedance.
® IDLE Omode: CPU stops, and peripherals operate using high-frequency clock of Time-Base-Timer.
Release by INTTBT interrupt.
® IDLE 1mode: CPU stops, and peripherals operate using high-frequency clock.
Release by interrupts.

@ Wide operating voltage: 3.3 to 5.5 V at 8 MHz (Ceramic resonator, Crystal resonator)
4.5t05.5 V at 2.5 MHz (RC resonator) (Under development)

Note: AD conversion characteristics are guaranteed with limited supply voltage range (4.5 Vto 5.5 V).
If supply voltage is less than 4.5 V then AD conversion accuracy can not be guaranteed.
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TOSHIBA TVIP86P202/203
Pin Assignments (Top View)
P-DIP20-300-2.54D (for TMIP86P202P and TMP86P203P*)
P-SOP20-300-1.27 (for TMP86P202M* and TMP86P203M*)
*: Under development
N4
vss [ 20 [ p37(AIN5)
XIN ]2 19 [] P36 (AINS)
XouT [ 18 [ p35(AIN3)
TEST []4 17 [ P34 (aIN2)
vbD []5 16 [ 1 P33
P00 6 15 [ P32
POT []7 14 [ ] P31(TC4/PDOA/PWNIA/PPGAE)
RESET []s8 13 [ P30 (TC3/FDO3/AWM3)
(STOP,INT5)P20 [ 9 12 [ P12(DVO)
(NTO)P10 [ 10 11 [ P11gNTY)
Block Diagram
Power VDD —] Address/Data Bus
TLCS-870/C Data Program
Memory Memory
CPU (RAM) (ROM)
] Standby Controller <—| Interrupt Controller
Reset Pin RESET System Controller
Test Pin TEST
Timing Generator Time Base 8-bit 8-bit
9 Timer Timer/Counter AD
Resonator
Connecting {i(('(')\'UT High Clock 1T T3 | Tca Converter
Pins Frequency | Generator Watchdog | } } [
Timer
Address/Data Bus
{/PZ | | PO\I |/P3 = —|/P1 |
P20 P01 to POO P37 to P30 P12to P10
L (AIN5 to AIN2) )
Y
1/0 Ports
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TOSHIBA TMP86P202/203

Pin Function
The TMP86P202/203 has two modes: MCU and PROM.
(1) MCU mode

Pin Name Input/Output Function

PO /0 2-bit programmable input/output ports.
Each bit of these ports can be

individually configured as an input or
output under software control.
P00 170 Nch open-drain output function.

SR 3-bit programmable input/output Divi
P12(DVO) VO (Output) ports (tri-state). Each bit of these ports Ivider output

can be individually configured as an

P11 (INT1) I/0 (Input) input or output under software control. External interruptinput 1
When used as function, the latch must be ] .
P10 (INTO) I/0 (Input) | setto 1. External interruptinput 0

1-bit programmable input/output ports.

P20 (INTS, STOP) VO (input) | When used as input port and function, External interruptinput 5 or STOP mode release

the latch must be setto 1. signal input
P37 (AIN5) I/0 (Input)
P36 (AIN4) I/0 (Input) )

AD converter analog input

P35 (AIN3) I/0 (Input) . .

8-bit programmable input/output ports
P34 (AIN2) I/0 (Input) | (tri-state). Each bit of these ports can be
P33 1/O individually configured as an input or

output under software control.
P32 I/0 When used as function and analog
P31(TC4,PDO4, 10 (1/0) inputted latch must be set to 1. Timer/Counter 4 input, PDO, PWM, PPG output

PWM4, PPG4)
P30 (TC3, PDO3, Timer/Counter 3 input, PDO, PWM output
PWNI3) 110 (1/0)

Resonator connecting pins for high-frequency clock. For inputting external clock, XIN is
XIN, XouT Input, Output used and XOUT is opened.
RESET Input RESET signal input
TEST Input TEST pin for out-going test. Be fixed to low.
VDD, VSS Power Supply | +5V, 0(GND)
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TMP86P202/203

(2) PROM mode

Pin Name (PROM mode) Input/Output Functions Pin name (MCU mode)
A16 XOuT
A15t0 A8 Input Program memory address inputs P37 to P30
A7 to AO P37 to P30
D7 to DO 110 Program memory data input/outputs P37 to P30
CE Chip enable signal input P00

OE Output enable signal input P20

R Input

PGM Program mode signal input PO1

DIDS PROM mode control signal P12

VPP +12.75V/5V (Program supply voltage) TEST

VCC Power supply +6.25V/5V VDD

GND ov VSS

P11 PROM mode setting pins. Be fixed at high level.

RESET Input PROM mode setting pins. Be fixed at low level.

CLK Input a clock from the outside. XIN

86P202-5
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TOSHIBA TMP86P202/203

Operational Description

1. CPU Core Functions
The CPU core consists of a CPU, a system clock controller, an interrupt controller, and watchdog timer.
This section provides a description of the CPU core, the program memory, the data memory, and the
reset circuit.
1.1 Memory Address Map
The TMP86P202/203 memory consist of 3 blocks: ROM, RAM and SFR (Special Function Register).
They are all mapped in 64-Kbyte address space. Figure 1-1 shows the TMP86P202/203 memory address
map. The general-purpose register banks are not assigned to the RAM address space.
0000
SFR P | 6abytes
003By
0040y
RAM 128 bytes
00BF | !
: ! ! ROM :Read Only Memory includes :
' | Program memory
: : Vector table
i i RAM :Random Access Memory includes :
! ! Data memory
i i Stack
! : SFR: Special Function Register includes :
: ! ! /0 ports
1 F800H Peripheral status registers
: System control registers
Interrupt control registers
1984 bytes Program Status Word
ROM] i
FFCOH 32b Vector table for vector call instructions
FFDF ytes (16 vectors)
FFEOH 32 bt Vector table for interrupts/reset
 FFFFy ytes (16 vectors)
TMP86P202/203
Figure 1-1. Memory Address Maps
1.2 Program Memory (ROM)

The TMP86P202/203 has a 2 KX 8 bits (address F800y to FFFFy), of program memory. However,
placing program memory on the internal RAM is deregulated if a certain procedure is executed (See
2.4.5 Address Trap).
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1.3 Data Memory (RAM)

The TMP86P202/203 have 128 bytes (0040 to 00BFH), of internal RAM. Internal RAM are located in
the direct area; instructions with shorten operations are available against such an area.

Because the data memory contents become unstable upon power-up, execute the initialize routine to
perform initial setting.

Example: RAM area of the TMP86P202/203

LD HL,0040H ; Setstartaddress

ID AH ;  Setinitialization data (00H)

LD BC,00FFH ; Setbytenumber(—1)
SRAMCLR: LD (HL),A ;

INC HL

DEC BC

JRS F,SRAMCLR
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1.4 System Clock Controller

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

Timing generator control register

TBTCR

........... Clock .. 0036y
generator
 fe

High-frequency .
E lock oscill : Timing Stand-by controller
clock oscillator generator
System clocks 0038y 0039y

| SYSCR1 | | SYSCR2 |

System control registers

Figure 1-2. System Clock Control

1.4.1 Clock Generator

The Clock generator generates the basic clock which provides the system clocks supplied to the CPU
core and peripheral hardware. It contains a oscillation circuit for the high-frequency clock.

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

[ommomsmmmsen High-frequency clock "=========----- 1
1 1
1 1
I XIN XOUT XIN XOuT '
1 1
: I
| (open) |
1 1
! L] !
i i
i i
1 1
A e
1 1
(@) Crystal/Ceramic (b) External oscillator |
i_ resonator J:

Figure 1-3. Examples of Resonator Connection

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

The system to require the adjustment of the oscillation frequency should create the program
for the adjustment in advance.
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1.4.2 Timing Generator

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

(D Generation of main system clock (fm)

@ Generation of divider output (DVO) pulses

3 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
(1) Configuration of timing generator

The timing generator consists of a 2-stage prescaler, a 21-stage divider, a main system clock generator,
and machine cycle counters.
As reset and STOP mode started/canceled, the prescaler and the divider are cleared to 0.

—> Main system clock generator fc Machine cycle counters
Prescaler Divider Divider
High-frequency 12 1{2[3]a|s|e 7|89 [10[11]12|13|14{15[16|17|18[19]20]21
clock fc
fc/a
Standby
controller
>
- Watchdog
< .
-— timer
Timer/
counters L >
I Time base
-« timer
Divider
output circuit

Figure 1-4. Configuration of Timing Generator
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(2)

Machine cycle

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

A machine cycle consists of 4 states (S0 to S3), and each state consists of one main system clock.

Main system clock —| | |

. 1fcs]
l——————!

-

s3 |

(fm)

so |
1
[« Machine cycle— >}

S1 52 s3 so | st | s2 |

1
1
1
State I
1
1

143

(1

Figure 1-5. Machine Cycle

Standby Controller

The standby controller starts and stops the oscillation circuits for the high-frequency clock. Figure 1-6
shows the operating mode transition diagram and Figure 1-7 shows the system control registers. These
modes are controlled by the system control registers (SYSCR1 and SYSCR2).

Operating mode
NORMALI mode

In this mode, both the CPU core and on-chip peripherals operate using the high-frequency clock.
The TMP86P202/203 are placed in this mode after reset.

IDLE1 mode

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

IDLE1 mode is started by the system control register 2 (SYSCR2), and IDLE1 mode is released to
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 interrupt service is
completed. When the IMF is “0” (interrupt disable), the execution will resume with the instruction
which follows the IDLE1 mode start instruction.

IDLEO mode

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

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

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

When returned from IDLEO mode, the CPU restarts operating, entering NORMAL1 mode back again.
IDLEO mode is entered and returned regardless of how TBTCR <TBTEN> is set. When IMF = “1”,
EF7 (TBT interrupt individual enable flag) = “1”, and TBTCR <TBTEN > = “1”, interrupt processing
is performed. When IDLEO mode is entered while TBTCR <TBTEN> = “1”, the INTTBT interrupt
latch is set after returning to NORMAL1 mode.
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(2)

STOP mode

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

mode.

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

STOP mode start instruction.

SYSCR2<TGHALT> = “1"

SYSCR2<IDLE> = “1"

IDLEO
mode

Falling edge of
TBTCR<TBTCK> setting

RESET

Reset release

SYSCR1<STOP> = “1"
NORMAL1
IDLE1
mode [ mode J STOP
Interrupt STOP pininput
. . Other Machine
Operating Mode Oscillator CPU core TBT . .
Peripherals Cycle Time
RESET Reset Reset Reset
NORMAL1 Oscillation Operate Onerate 4/fc [s]
illati
Single Clock [ IDLE1 Operate P

IDLEQ Halt Halt _
STOP Stop Halt

Figure 1-6. Operating Mode Transition Diagram
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System Control Register 1

oscpy L6 5. 4 3 2 . 0

(0038,) 0" JouTEN]  wuT | o i (Initial value: 00+0 00++)
0: CPU core and peripherals remain active

STOP STOP mode start 1: CPU core and peripherals are halted
(start STOP mode)

0: Edge-sensitive release

(Release by rising edge of STOP pin)
1: Level-sensitive release

(Release by “H" level of STOP pin) RAW

RELM Release method for STOP mode

0: High Impedance

OUTEN | Port output during STOP mode 1: Output Kept

00: 3 x2'/fc

WUT Warming-up time at 01: 2"%/fc¢
releasing STOP mode 10: 3x2"/fc

11: 2M/f¢

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

Note 2: Bits 1 and 0in SYSCR1 are read as undefined data when a read instruction is executed.

Note 3: 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 4: Port P20 is used as STOP pin. Therefore, when stop mode is started, OUTEN does not affect to P20, and
P20 becomes High-Z mode.

Note 5: Make sure to write “0” to bit 5in SYSCR1.

Note 6: When STOP mode is released with RESET pin input, a return is made to NORMALT.

Note 7: 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.

System Control Register 2

SYSCR2 7 6 ... 5. 4 . 3. 2 L 0.
(0039,,) XEN "0::,.0,,| IDLE | ............ |TGHALT| ............ (Initial value: 15x0 *0%%)
XEN High-frequency oscillator control 0: Turn off escillation

1: Turn on oscillation

: CPU and watchdog timer remain active
: CPU and watchdog timer are stopped RIW
(start IDLE1 mode)

- O

IDLE IDLE1 mode start

0: TG provides source clock to all peripherals
TGHALT | IDLEO mode start 1: TG stops source clock to peripherals except TBT
(Start IDLEO mode)

Note 1: Make sure to write “0” to bit 5 and 6 in SYSCR2.

Note 2: A resetis applied, if XEN is cleared to “0”.

Note 3: #: Don’tcare

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

Note 5: Do notset SYSCR2<IDLE> and SYSCR2<TGHALT> to "1” at the same time.

Note 6: TG: Timing generator

Note 7: Because returning from IDLEO to NORMALT1 is executed by the asynchronous internal clock, the period
of IDLEO mode might be shorter than the period setting by TBTCR< TBTCK>.

Note 8: When IDLET mode is released, IDLE is automatically cleared to “0”.

Note 9: When IDLEO mode is released, TGHALT is automatically cleared to "0”.

Figure 1-7. System Control Registers
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1.4.4 Operating Mode Control

(1

STOP mode

STOP mode is controlled by the system control register 1 (SYSCR1), 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 (Bit 7 in SYSCR1) to 1. During STOP mode, the following status
ismaintained.

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

(@ The data memory, registers, the program status word and port output latches are all held in the status

in effect before STOP mode was entered.

® The prescaler and the divider of the timing generator are cleared to 0.

@ The program counter holds the address 2 ahead of the instruction (e.g. [SET (SYSCR1).7]) which started

STOP mode.

STOP mode includes a level-sensitive release mode and an edge-sensitive release mode, either of which
can be selected with the RELM (Bit 6 in SYSCR1).

Note 1: STOP pin doesn’t have the control register. STOP pin should be fixed to low.

Note 2: During STOP period (from start of STOP mode to end of warming-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.

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 back-
up when the main power supply is cut off and long term battery back-up.

When the STOP pin input is high executing an instruction which starts STOP mode will not place in
STOP mode but instead will immediately start the release sequence (warm-up). Thus, to start STOP
mode in the level-sensitive release mode, it is necessary for the program to first confirm that the STOP
pin input is low. The following two methods can be used for confirmation.

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

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

JRS F,SSTOPH

SET (SYSCR1).7 ;  Starts STOP mode
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Example 2: Starting STOP mode from NORMAL mode with an INT5 interrupt.

PINT5: TEST (P2PRD). 0 ;  To reject noise, STOP mode does not start if
JRS F,SINT5 port P20 is at high
LD (SYSCR1),01010000B ; Setsup the level-sensitive release mode.
SET (SYSCR1).7 ;  Starts STOP mode

SINT5: RETI

[}
ETOP 0 \ ViH \
STOP pin . ‘c

[}
27 1
I I
{( I

1

i 1
NORMAL ] STOP i Warm-up I NORMAL

operation > :R operation 5 \ operation
Confirm by program that the

ne 2 STOP mode is released by the hardware.
STOP pin input is low and start Always released if the STOP
STOP mode. . o

pininputis high.

Figure 1-8. Level-sensitive Release Mode

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

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

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

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

Example: Starting STOP mode from NORMAL mode

LD(SYSCR1), 10010000B; Starts after specified to the edge-sensitive release mode
r | 4
o i \ Vin \
STOP pin ! {6 !
| ff : /L
XOUT pin \ m
]
NORMAL A STOP | : ! STOP
operation operation > Warm-up —>i< pe operation —
NORMAL
STOP mode started operation
by the program.
STOP mode is released by the hardware at the rising
edge of STOP pininput.

Figure 1-9. Edge-sensitive Release Mode
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STOP mode is released by the following sequence.
(D The high-frequency clock oscillator is turned on.

(@ A warm-up period is inserted to allow oscillation time to stabilize. During warm-up, all internal
operations remain halted. Four different warm-up times can be selected with the WUT (Bits 1,2 and
3in SYSCR1) in accordance with the resonator characteristics.

(® When the warm-up time has elapsed, normal operation resumes with the instruction following the
STOP mode start instruction. The start is made after the prescaler and the divider of the timing
generator are cleared to 0.

Table 1-1. Warm-up Time Example (at fc=8.0 MHz)

WUT Warm-up Time [ms]
Return to NORMAL mode
000 24.576
010 8.192
100 6.144
110 2.048

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

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

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

IDLE1 mode (IDLE1)

IDLE1 mode is controlled by the system control register 2 (SYSCR2) and maskable interrupts. The
following status is maintained during IDLE1 mode.

(D Operation of the CPU and watchdog timer (WDT) is halted. 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 IDLE1 mode was entered.

® The program counter holds the address 2 ahead of the instruction which starts IDLE1 mode.

Example: Starting IDLE1

mode.

SET (SYSCR2).4

; SYSCR2<IDLE >

«1

(

Y

Starting IDLE1 mode
by instruction

]

CPU, WDT are halted

Normal

Yes
release mode

No

—

Reset input
No
Interrupt request

Reset

Yes (Interrupt release mode)

Interrupt processing

—

Execution of the
instruction which follows
the IDLE1 mode start
instruction

<

Figure 1-11. IDLE1 M

ode
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IDLE1 mode includes a normal release mode and an interrupt release mode. Selection is made with the
interrupt master enable flag (IMF). Releasing IDLE1 mode returns from IDLE1 to NORMALL.

IDLE1 mode can also be released by inputting low level on the RESET pin, which immediately performs
the reset operation. After reset, the TMP86P202/203 are placed in NORMAL 1 mode.

a. Normal release mode (IMF=%“0")

IDLE1 mode is released by any interrupt source enabled by the individual interrupt enable flag
(EF). Execution resumes with the instruction following the IDLE1 mode start instruction . The
interrupt latches (IL) of the interrupt source used for releasing must be cleared to “0” by load
instructions.

b. Interrupt release mode IMF=41")

IDLE1 mode is released and interrupt processing is started by any interrupt source enabled with
the individual interrupt enable flag (EF). After the interrupt is processed, the execution resumes
from the instruction following the instruction which starts IDLE1 mode.

Note: When a watchdog timer interrupt is generated immediately before IDLET mode is started, the
watchdog timer interrupt will be processed but IDLET mode will not be started.
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(3) IDLEO mode (IDLED)

IDLEO mode is controlled by the system control register 2 (SYSCR2) and the time base timer control

register (TBTCR). The following status is maintained during IDLEO mode.

(D 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 mode was entered.

(® The program counter holds the address 2 ahead of the instruction which starts IDLEO mode.

Note: Before starting IDLEQ mode, be sure to stop (disable) periperals.

Y

Stopping peripherals by
instruction

!

Starting IDLEO mode by
instruction

!

CPU, WDT are halted

Reset input
No
No Interrupt
request
Yes

Yes (Interrupt release mode)

Reset

(Normal release mode)

Interrupt processing

——

Execution of the
instruction which follows
the IDLEO mode start
instruction

<

Figure 1-13. IDLEO mode
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¢ Start the IDLEO mode

Stop (disable) peripherals such as a timer counter.
‘When IDLEO mode starts, set SYSCR2<TGHALT > to “1”.

® Release the IDLEO mode

IDLEO mode include a normal release mode and an interrupt release mode.

This mode is selected by interrupt master flag (IMF), the interrupt enable register 6 of INTTBT,
and IMF.

After releasing IDLEO mode, the SYSCR2<TGHALT > is automatically cleared to “0” and the
operation mode is returned to the mode preceding IDLEO mode. Before starting the IDLEO mode,
when the TBTCR <TBTEN > is set to “1”, INTTBT interrupt latch is set to “1”.

IDLEO 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: IDLEO mode start/release without reference to TBTCR< TBTEN > setting.

a. Normal release mode IMF-EFg-TBTCR <TBTEN > =“(0")

IDLEO mode is released by the source clock 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 IDLEO mode start instruction.

b. Interrupt release mode IMF-EFg- TBTCR<TBTEN > =“1")

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

Note 1: Because returning from IDLEO to NORMALT is executed by the asynchronous internal
clock, the period of IDLE0 mode might be the shorter than the period setting by
TBTCR<TBTCK>.

Note2: When a watchdog timer interrupt is generated immediately before IDLEO mode is started,
the watchdog timer interrupt will be processed but IDLEO mode will not be started.
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15

Interrupt Control Circuit

The TMP86P202/203 are a total (Reset is excluded) of 11 interrupt sources. 4 of the internal factors are
non-maskable interrupts, and the rest of them are maskable interrupts.

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

Table 1-2. Interrupt Sources

Interrupt Factors Enable Condition Intz;rct:..pt )\/;;:::S Priority

LT;::E:II (Reset) Non-maskable - FFFEY High 0
Internal INTSWI (Software interrupt) Non-maskable - FFFCH 1
Internal INTUNDEF (Executed the Undefined Instruction interrupt) Non-maskable - FFFCH 1
Internal INTATRAP (Address Trap interrupt) Non-maskable 1L, FFFAH{ 2
Internal INTWDT (Watchdog Timer interrupt) Non-maskable IL3 FFF84 3

__ . IMF - EFg=1,
External |[INTO (External interrupt 0) ILg FFF64 4
INTOEN =1

External [[INT1 (External interrupt 1) IMF « EF5=1 ILs FFF4y 5
Internal INTTBT (Time Base Timer interrupt) IMF - EFg=1 ILg FFF2y 6
Reserved IMF - EF7 =1 ILy FFFOy 7

Reserved IMF - EFg=1 ILg FFEEY 8

Reserved IMF - EFg=1 ILg FFECH 9

Internal INTTC3 (TC3 interrupt) IMF - EF19=1 IL1g FFEAY 10
Internal INTTC4 (TC4 interrupt) IMF - EFqq=1 IL11 FFE8y 11
Internal INTADC (AD converter interrupt) IMF - EFq12=1 ILq2 FFE6y 12
Reserved IMF - EF13=1 ILq3 FFE4y 13

Reserved IMF - EFq14=1 ILq4 FFE2 14

External [ TNTS (External interrupt) IMF - EFy5 = 1 ILqs FFEOy | Low 15

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 2.4.5 Address Trap.

Note 2: To use the watchdog timer interrupt (INTWDT), clear WDTCR1<ATOUT> to “07 (it is set for
the “reset request” after reset is cancelled). For details, see 2.4 Watchdog Timer.
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(1

(2)

a)

Interrupt Latches (IL15 to IL)

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

The interrupt latches are located on address 003Cy and 003Dy in SFR area. Except for IL3g and ILo,
each latch can be cleared to 0 individually by instruction (However, the read-modify-write instructions
such as bit manipulation or operation instructions cannot be used. Interrupt request would be cleared
inadequately if interrupt is requested while such instructions are executed.). Thus interrupt request
can be canceled/initialized by software.

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

Example 1: Clears interrupt latches

DI

LDW  (ILL), 1110001110111111B  ; ILjgtoILjg, ILg<0
LD (ILH), 01111111B . TL15<0

EI

Example 2: Reads interrupt latches
LD WA, (ILL) ;  WeILpy, A<l
Example 3: Tests an interrupt latches

TEST (ILL). 6 ;  if ILg=1 then jump
JR F, SSET

Interrupt Enable Register (EIR)

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

The EIR consists of an interrupt master enable flag (IMF) and the individual interrupt enable flags
(EF). These registers are located on address 003Ag and 003By in SFR area, and they can be read and
written by an instructions (including read-modify-write instructions such as bit manipulation or
operation instructions).

Interrupt master enable flag (IMF)

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

The IMF is located on bit0 in EIRL (address: 003Aq in SFR), and can be read and written by an
instruction. The IMF is normally set and cleared by [EI] and [DI] instruction respectively. During
reset, the IMF is initialized to 0.
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b) Individual interrupt enable flags (EF15to EFy4)

Each of these flags enables and disables the acceptance of its maskable interrupt. Setting the
corresponding bit of an individual interrupt enable flag to 1 enables acceptance of its interrupt, and
setting the bit to 0 disables acceptance. The individual interrupt enable flags (EF15 to EF4) are located
on EIRL to EIRH (address: 003Ap to 003Byj in SFR), and can be read and written by an instruction.
During reset, all the individual interrupt enable flags (EF;5 to EF4) are initialized to 0 and all
maskable interrupts are not accepted until they are set to 1.

Example 1: Enables interrupts individually and sets IMF

DI ; IMF <0
LDW (EIRL), 1000100000100000B ; EFi5, EFq1, EF5 <1
. Note: IMF is not set.

EI ; IMF «1
Example 2: C compiler description example
unsigned int __io (3AH) EIRL; ;  /*3AH shows EIRL address */

_DIO)
EIRL=10100000B;

_EI();

Interrupt Latches

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

IL . : . _ _ : : : . . . .
(003Dy, 003Cyy) [y i lqa iy My illyq illyg i Ig & Ig | Iy & Ilg & ILs § ILg | I3 | I |

ILy (003Dy) ILL (003CH)
(Initial value: 00000000 000000%*=*)

atRD at WR
ILystolly | Interrupt Latches 0: nointerrupt request 0: clears the interrupt request (Note) | R/W
1: interrupt request 1: (Interrupt Latch is not set.)

Note: IL2 and IL3 are prohibited from clearing.

Interrupt Enable Registers

EIR 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1. 0
(003By;, 003A,) | EF15 ( EF1a { EFy3 {EFyp {EFyq (EFygf EFg [ EFg | EFy [ EFg { EFs ( EFg | & & [IVF]

EIRy; (003By) EIR, (003A})

(Initial value: 00000000 0000%*#*0)

Note 1: Do not clear IL with read-modify-write instructions such as bit operations.
Note 2: : Don’tcare
Note 3: Before you change each enable flag (EF) and/or each interrupt latch (IL), be sure to clear the
interrupt master enable flag (IMF) to “0” (to disable interrupts).
a. Aftera Dlinstruction is executed.
b. When an interrupt is accepted, IMF is automatically cleared to “0”. However, to enable
nested interrupts, change EF and/or IL before setting IMF to “1” (to enable interrupts).
If the individual enable flags (EF) and interrupt latches (IL) are set under conditions other than
the above, the proper operation cannot be guaranteed.
Note 4: Do notset IMF to 1 simultaneously with EF.
Note5: Do not permit EFy4, EFy3, EFg, EFg, and EF;.

Figure 1-16. Interrupt Latch (IL), Interrupt Enable Registers (EIR)
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1.5.1

Interrupt Sequence

An interrupt request, which raised interrupt latch, is held, until interrupt is accepted or interrupt latch
is cleared to O by resetting or an instruction. Interrupt acceptance sequence requires 8 machine cycles
(4 us at 8.0 MHz) after the completion of the current instruction. The interrupt service task terminates
upon execution of an interrupt return instruction [RETI] (for maskable interrupts) or [RETN] (for non-
maskable interrupts). Figure 1-17 shows the timing chart of interrupt acceptance processing.

(1) Interrupt acceptance processing is packaged as follows.
a) The interrupt master enable flag (IMF) is cleared to O in order to disable the acceptance of any following
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) before acceptting the interrupt, are saved (pushed) on the stack in sequence of
PSW+IMF, PCH, PCL. Meanwhile, the stack pointer (SP) is decremented by 3.
d) The entry address (interrupt vector) of the corresponding interrupt service program, loaded on the
vector table, is transferred to the program counter.
e) The instruction stored at the entry address of the interrupt service program is executed.
Note: When the contents of the PSW are saved on the stack, the IMF status is also saved
simultaneously.
1-machine cycle I Interrupt service task 1
et AL N AR N T Y Y Y Y T T Y OO T I NN T SO N TR
1 1 1 1
Interrupt ! ! ! '
e Al ; ; ;
Interrupt :(\ T : :
latch (IL) i ! ! H
| 4 : :
I ! \\ | ! /'I :
1 1 T 1
1 1 1 1
F:;::z’fion X sute, X Interrupt acceptance Xlnstructlon \ Execute RET! instruction X
PC a1 X 2 ﬂ@@@.\@ XXt
SP n —
Note 1: a: Return address b: Entry address ¢: Address which RETI instruction is stored
Note 2: On condition that interrupt is enabled, it takes 38/fc [s] at maximum (If the interrupt latch is set at the first
machine cycle on 10 cycle instruction) to start interrupt acceptance processing since its interrupt latch is set.

Figure 1-17. Timing chart of Interrupt Acceptance/Return Interrupt instruction

86P202-27 2003-02-26




TOSHIBA TMP86P202/203

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

Vector table address Entry address
D203y

vector
D204y

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.

Interrupt
service
program
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(2)

a)

b)

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.

using PUSH and POP instructions

To save only a specific register or to save registers by a same interrupt request, PUSH and POP
instructions are available.

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)
S B e I R | 00238
............................. Ao evvreennneeennnns| 0023B
SP —» W SP —>| 0023C
Pt ] PCL .. SRR S R PO 0023D
PG .l PCho.l | POl 0023E
W o] Pswo | ] PSW il AU 0023F
At Acceptance of |:> At Execution of |:> At Execution of = At Execution of
an Interrupt PUSH instruction POP instruction an RETl instruction

using data transfer instructions

To save only a specific register without nested interrupts, data transfer instructions are available.
Example: Save/Store register using data transfer instructions

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

Interrupt Interrupt
acceptance service task
—_—

Saving
registers

Restoring
registers

«————
Interrupt return

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

Figure 1-18. Saving/Restoring General-purpose Registers under Interrupt Processing
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(3) Interruptreturn

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

[RETIJ/[RETN] Interrupt Return

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

@ Stack pointer (SP) is incremented by 3 times.

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

Note: If the return instruction [RETN] is executed without rewriting the above data, the program
returns to the address trap area and an address trap interrupt occurs again.
After interrupt acceptance processing has completed, the PC; and PCy values after returning
from the interrupt are stored in addresses (SP + 1) and (SP + 2), respectively.

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

PINTxx : POP WA ;  Recover SP by 2 times
LD WA, Return Address ;  Store the restart address in the WA
register
PUSH WA ;  Alter stacked data
(interrupt processing)
RETN ;  Non-maskable interrupt return
instruction

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

PINTxx : INC SP ;  Recover SP by 3 times
INC SP ;
INC Sp ;
(interrupt processing)
LD EIRL, data ; SetIMF to1lorclearitto0
JP Restart Address ; Jump into restarting address

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

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

Note: When the interrupt processing time is longer than the interrupt request generation time, the
interrupt service task is performed but not the main task.
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1.5.2

153

Software Interrupt (INTSW)

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

Address error detection

FFy is read if for some cause such as noise the CPU attempts to fetch an instruction from a non-existent
memory address during single chip mode. Code FFy is the SWI instruction, so a software interrupt is
generated and an address error is detected. The address error detection range can be further expanded
by writing FFy to unused areas of the program memory. Address-trap reset is generated in case that an
instruction is fetched from RAM or SFR areas.

Debugging

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

Undefined Instruction Interrupt (INTUNDEF)

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

Note: The undefined instruction interrupt (INTUNDEF) forces CPU to jump into vector address, as
software interrupt (SWI) does.
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1.54

1.5.5

Address Trap Interrupt (INTATRAP)

If an instruction is fetched from any invalid area (address trap area) where instructions are not located,
the device is reset or outputs an interrupt signal (INTATRAP). When an address trap interrupt is
generated, the interrupt latch (IL2) is set and interrupt processing is entered. INTATRAP is accepted at
any time even while other nonmaskable interrupts are being serviced, so that the current processing is
stopped in the middle and INTATRAP interrupt processing starts immediately.

The address trap area can be chosen to be the SFR or RAM area or only the SFR area.

Note 1: Settings for address trap operation (reset operation or interrupt request) are set using the
Watchdog Timer Control Register.

Note 2: If a SWI instruction located at the address immediately preceding the address trap area or
an undefined instruction is executed, an address trap interrupt is accepted and serviced
immediately after accepting a SWl/undefined instruction interrupt.

External Interrupts

The TMP86P202/203 have three external interrupt inputs. All of these interrupt inputs contain a
digital noise rejection circuit (which eliminates narrow input pulses less than a predetermined duration
asnoise).

Also, the INT1 pins are edge-selectable.

The INTO/P10 pin can be chosen to be an external interrupt input pin or an input/output port. When
reset, this pin functions as an input port.

Edge selection, noise rejection control, and INT0/P10 pin function selection all are set using the
External Interrupt Control Register.
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Table 1-3. External Interrupts
Interrupt . . . L. . L L
Source Pin Name Shared Pin Enable Condition Edge Digital Noise Rejection Circuit
L IMF=1, EFg=1 _ Pulses less than 2/fc [s] are eliminated
INTO INTO P10 INTOEN = 1 ! Falling edge as noise. Pulses of 7/fc [s] or more are
always recognized as signal.
Pulses less than 15/fc or 63/fc [s] are
. L. eliminated as noise. Pulses of 49/fc or
INT1 INT1 P11 IMF - EFs = 1 FaIImgdor rising 193/fc [s] or more are always
edge recognized as signal.
Pulses less than 2/fc [s] are eliminated
INTS INTS P20/STOP IMF - EF5 = 1 Fallingedge | S ou o e ore always recognized
as signal.
Note 1: When a noise-free signal is applied to the external interrupt input pin during NORMAL 1 or
IDLE 1 mode, the maximum amount of time from the active edge of the input signal to
when the interrupt latch is set is as follows:
INT1 pin 55/fc [s] (when INTINC = 1) or 199/fc [s] (when INTINC = 0)
Note 2: When INTOEN = 0, the interrupt latch IL4 is not set even when a falling edge on the INTO
pin input is detected.
Note 3: In cases where the shared pin is used as an output port and the data on it changes or the
port is switched from output to input, a spurious interrupt request signal is generated.
Therefore, some corrective measure such as to disable the interrupt enable flag is required.
Note 4: Be sure to disable external interrupts before changing operation modes or altering the
value of the External Interrupt Control Register (EINTCR). Also, when enabling interrupts
after changing operation modes or altering the value of the External Interrupt Control
Register (EINTCR), be sure to clear the unnecessary interrupt latches in advance.

7 6 5 4 3 2 1 0

EINTCR =y | o | ............... ............... ............... ............... m ............... (Initial value: 00ss +:0%)

(0037)

Eliminates pulses less than 63/fc [s] as noise
Eliminates pulses less than 15/fc [s] as noise

Selects noise rejection time

INTINC for INT1

INTOEN | Selects P10/INTO function : INTO pin (P10 port must be set for input mode)

Generates interrupt request at rising edge

Generates interrupt request at falling edge

0
1
0: P10input/output port RAW
1
INT1ES | Selects INT1 edge ?

Note: fc: The high-frequency clock [Hz] *: Don’t care

Figure 1-19. External Interrupt Control Register
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1.6

Reset Circuit
The TMP86P202/203 have four types of reset generation procedures : an external reset input, an
address trap reset, a watchdog timer reset and a system clock reset. Table 1-4 shows on-chip hardware
initialization by reset action.
The malfunction reset circuit such as watchdog timer reset, address trap reset and system clock reset is
not initialized when power is turned on. The RESET pin can reset action at the maximum 24/fc[s] (3.0
us at 8.0 MHz) when power is turned on.
Table 1-4. Initializing Internal Status by Reset Action
On-chip hardware Initial value On-chip hardware Initial value
Program counter (PCQ) (FFFER)
Stack pointer (SP) Not initialized Prescaler and Divider of timing 0
General-purpose registers Not initialized generator
(W,A,B,C,D,E H,LIXIY)
Jump status flag (JF) Notinitialized Watchdog timer Enable
Zero flag (ZF) Notinitialized
Carry flag (CF) Notinitialized
Half carry flag (HF) Notinitialized Refer to I/0 port
- — Output latches of I/0 ports .
Sign flag (SF) Notinitialized circuitry
Overflow flag (VF) Notinitialized
Interrupt master enable flag  (IMF) 0
Interrupt individual enable flags 0
. Refer to each of
(EF) Control registers )
control register
Interrupt latches (IL) 0
RAM Notinitialized

1.6.1 External Reset Input

The RESET pin contains a Schmitt trigger (hysteresis) with an internal pull-up resistor.
When the RESET pin is held at L level for at least 3 machine cycles (12/fc [s]) with the power supply
voltage within the operating voltage range and oscillation stable, a reset is applied and the internal

state is initialized.

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

VDD

RESET

Reset input

Malfunction
reset output
circuit

Watchdog timer reset |

Address trap reset |

System clock reset |

Figure 1-20. Reset Circuit
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1.6.2 Address-Trap-Reset

If the CPU should start looping for some cause such as noise and an attempt be made to fetch an
instruction from the on-chip RAM or the SFR area, address-trap-reset will be generated. The reset time
is about 8/fc to 24/fc [s]1 (1.0 to 3.0 us at 8.0 MHz).

Instruction P a

Reset release Xlnstruction ataddress
execution

Address-trap is occurred

Internal reset

TTTTITT T T T T T T T AN

8/fc to 24/fc [s] 4/fc to 12/fc [s] 16/fc [s]

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

Figure 1-21. Address-Trap-Reset

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

1.6.3 Watchdog Timer Reset
Refer to Section “2.4 Watchdog Timer”,
1.6.4 System-clock-reset

Clearing XEN (bits 7 in SYSCR2) to “0” stops system clock, and causes the microcomputer to deadlock.
This can be prevented by automatically generating a reset signal whenever XEN = 0, is detected to
continue the oscillation. The reset time is about 8/fc to 24/fc [s] (1.0 to 3.0 «s at 8.0 MHz).
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2. On-Chip Peripherals Functions
2.1 Special Function Register (SFR)

The TMP86P202/203 adopt the memory mapped I/O system, and all peripheral control and data
transfers are performed through the special function register (SFR). The SFR is mapped on address

0000 to 003Fy.

Figure 2-1 indicate the special function register (SFR) for TMP86P202/203.

Address Read Write

0000y PODR (PO Port Output Latch Control)

OF ADCCR2 (AD Control Register 2)

10 Reserved

1F PWREG4 (Timer Register 4)

Note 2: —: Cannot be accessed.

ddress
00204

Note 1: Do not access the reserved addresses in the program.

Read Write

ADCDR1 (AD Conversion Value Register 1) -

Reserved

Reserved

WDTCR1
(Watchdog Timer Control 1)

PSW (Program Status Word)

Note 3: Read-modify-write instructions (bit manipulation instructions such as SET and CLR and arithmetic
instructions such as AND and OR) cannot be used for the write-only registers and interrupt latches.

Figure 2-1. The Special Function Register (SFR) for TMP86P202/203
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2.2 /O Ports

The TMP86P202/203 have 4 parallel input/output ports as follows.

Primary Function Secondary Functions
Port PO 2-bit I/0O port —
Port P1 3-bit1/0 port [External interrupt input and divider output.
Port P2 1-bit 1/0 port | External interruptinput and STOP mode release signal input.
Port P3 8-bit /O port | Analog input and Timer/Counter input/output.

Each output port contains a latch, which holds the output data. All input ports do not have latches, so
the external input data should be externally held until the input data is read from outside or reading
should be performed several timer before processing. Figure 2-2 shows input/output timing examples.
External data is read from an I/O port in the S1 state of the read cycle during execution of the read
instruction. This timing cannot be recognized from outside, so that transient input such as chattering
must be processed by the program.

Output data changes in the S2 state of the write cycle during execution of the instruction which writes

to an I/O port.
Fetch cycle Fetch cycle Read cycle |
I ) ) 1
SO S1 S2 S3 SO S1 S2 S3 SO S1 S2 S3
Instruction execution cycle Ex:LD A, (x) |
1 1 1 1 1 1

Input strobe ... - I I - R

Datainput _
(a) Inputtiming
Fetch cycle Fetch cycle Write cycle
I I I 1
S0 S1 S2 S3 SO S1 S2 S3 SO S1 S2 S3
Instruction execution cycle E)l(:LDI (X)I'AI L |

I_I

Output strobe ... ) R

Data output _

Old X New ~
(b)

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

Output timing

Figure 2-2. Input/Output Timing (Example)
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2.2.1 PO (P01 to P00) Port (High Current)

The PO port is an 2-bit input/output port. When using this port as an input port set the output latch to 1.

When using this port as an output port, the output latch data (PODR) is output to the PO port.

When reset, the output latch (PODR) and the push-pull control register (POOUTCR) are initialized to 1

and 0, respectively.

The PO port allows its output circuit to be selected between N-channel open-drain input/output or push-

pull output by the POOUTCR register.

When using this port as an input port, set the POOUTCR register's corresponding bit to 0 after setting

the PODR to 1.

The PO port has independent data input registers. To inspect the output latch status, read the PODR
register. To inspect the pin status, read the POPRD register.

TR T—d >
OUTEN

POOUTCRI D Q
Output latch

POOUTCRI input

; e
Data input (POPRD) <
Data input (PODR) <—<]_<
Data output (PODR) D Q l\l/ ¢ [ poi
Output latch Note: i = 1to0
Control input
PODR 7 6 5 4 3 2 1 0
(0000y)  §77 e _ itial value:  sses s 11
R VAU SO VN SO SR S S | Po1 | oo | ¢ )
POPRD 7 6 5 4 3 2 1 0
(000C,) oo o ey _
Read only e e N mm
POOUTCR 7 6 5 4 3 2 1 0
7L N N SO A A SO (Initial value:  xe++ +00)
0: Sink open-drain input/output
POOUTCR | Controls PO port output RIW
1: Push-pull output
Figure 2-3. PO Port and the PO Port Input/output Control Register
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2.2.2 P1(P12to P10) Port

The P1 port is a 3-bit input/output port that can be specified for input or output bitwise. The P1 Port
Input/output Control Register (P1CR) is used to specify this port for input or output. When reset, the
P1CR register is initialized to 0, with the P1 port set for input mode. The P1 port output latch is
initialized to 0.

The P1 port is shared with external interrupt input and divider output. When using the P1 port as
funection pin, set its input pins for input mode. For the output pins, first set their output latches to 1
before setting the pins for output mode.

Note that the P11 pin is an external interrupt input. (When used as an output port, its interrupt latch is
set at the rising or falling edge.) The P10 pin can be used as an input/output port or an external
interrupt input by selecting its function with the External Interrupt Control Register (INTOEN). When
reset, the P10 pin is chosen to be an input port.

Control input ﬁ—
o — >
STOP

P1CRi D Q —I_/\
Output latch
i 1
P1CRi input \I
Datainput (P1DR) . <
Data output (P1DR) D Q ™\ I|> [] ri
Output latch )
Control output Note: i =210 0
7 6 5 4 3 2 1 0
pIDR Ty e oot
(0001 z s : : S5 | 1 &S | anitial value: wxxx +000)
Py L SRRSO T T
2 1 0

| | | (Initial value: #+#* %000)

Controls P1 port input/output | 0: Input mode
(specified bitwise) 1: Output mode

Figure 2-4. P1 Port and the P1 Port Input/output Control Register
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2.2.3 P2(P20) Port

The P2 port is a 1-bit input/output port shared with external interrupt input, and STOP canceling
signal input. When using this port as an input port or function pin, set the output latch to 1. The output
latch is initialized to 1 when reset.
We recommend using the P20 pin for external interrupt input or STOP canceling signal input or as an
input port. (When used as an output port, the interrupt latch is set by a falling edge.)

The P2 port has independent data input registers. To inspect the output latch status, read the P2DR
register. To inspect the pin status, read the P2PRD register. When the P2DR or P2PRD read instruction
is executed for the P2 port, the values read from bits 7 to 1 are indeterminate.

Data input 1 /g}
(P20PRD) IaN|
Data input (P20)
Dataoutput ——{D Q II: [] P20 (NTS,STOP)
Output latch
Control input @
e —
OUTEN
7 6 5 4 2 0
pogpR I g g S =
(0002y) INT5 (Initial value: ###* *xx1)
R/W ............................................................................................... STOP
7 6 5 4 2 0
papRD [T R o R —_—
(OOODH) e rrrrre e et r e e e ee e eea e annaaarny

Readonly  note: The P20 pin is shared with the STOP pin, so that when in STOP mode, its output goes to a High-Z state
regardless of the OUTEN status.

Figure 2-5. P2 Port and the P2 Port Input/output Control Register
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2.2.4 P3 (P37 to P30) Port

The P3 port is an 8-bit input/output port that can be specified for input or output bitwise, and is shared
with analog input and 8-bit timer counter input/output. The P3 Port Input/output Control Register
(P3CR) and AINDS (ADCCR1 register bit 4) are used to specify this port for input or output. When
reset, the P3CR register and P3DR are cleared to 0, while AINDS is set to 1, so that P37 to P30 function
as input port.

When using the P3 port as an input port, set AINDS = 1 while at the same time setting the P3CR
register to 0.

When using the P3 port for analog input, set AINDS = 0 and the pins selected with SAIN (ADCCR1
register bits 3 to 0) are set for analog input no matter what values are set in the P3DR and P3CR. When
using the P3 port as an output port, set the P3CR to 1 and the pin associated with that bit is set for
output mode, so that P3DR (output latch data) is output from that pin.

When an input instruction is executed for the P3 port while using the AD converter, the pins selected
for analog input read in the P3DR value into the internal circuit and those not selected for analog input
read in a 1 or 0 according to the logic level on each pin. Even when an output instruction is executed, no
latch data are forwarded to the pins selected for analog input.

Any pins of the P3 port which are not used for analog input can be used as input/output ports. During
AD conversion, however, avoid executing output instructions on these ports, because this is necessary to
maintain the accuracy of conversion. Also, during AD conversion, take care not to enter a rapidly
changing signal to any port adjacent to analog input.

86P202-41 2003-02-26



TOSHIBA

TMP86P202/203

STOP
OUTEN

P3CRi

P3CRi input

Data input (P3DR)

Data output (P3DR)

Control input

OUTEN
STOP

P3CRi

P3CRi input
Data input (P3DR)

Data output (P3DR)

Control output

Analog input
STOP
OUTEN
AINDS
SAIN
P3CRi —{D Q
Output latch
. 1
P3CRi input <J
Data input (P3DR)
Data output (P3DR) —|{D Q

o

Output latch

a) Equivalent circuit of P34 to P37

>

—(D Q

Output latch
1

~

=S

T

Il>_

—] s

Note:i = 7to4

—|D Q

Output latch

b) Equivalent circuit of P32 and P33

<

— >

—L oD
Output latch
<13
. <]
——{D Q Il\/

Output latch

>

—]] P3i

Note:i = 3to2

¢) Equivalent circuit of P30 and P31

[ rsi

Note: i = 1to0

Figure 2-6. P3 Port and the P3 Port Input/output Control Register (1/2)
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7 6 5 4 3 2 1 0
P3DR P37 P36 P35 P34 P33 P32 P31 P30
0003y | AIN5 | AIN4 | AIN3 | AIN2 TC4 | TC3
RAW PDO4 | PDO3
PWM4 | PWM3 | (Initial value: 0000 0000)
PPG4
7 6 5 4 3 2 1 0
P3CR | | | |
(000AR)

| (Initial value: 0000 0000)

P3CR Controls P3 port output |[0: Input mode
(specified bitwise)

1: OQutput mode

Note 1: P30 and P31 are hysteresis inputs.

Note 2: Input status on ports set for input mode are read in into the internal circuit. Therefore, when using the

ports in a mixture of input and output modes, the contents of the output latches for the ports that are set
for input mode may be rewritten by execution of bit manipulating instructions.

Figure 2-6. P3 Port and the P3 Port Input/output Control Registe (2/2)
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Time Base timer (TBT)

The time base timer generates time base for key scanning, dynamic displaying, etc. It also provides a
time base timer interrupt (INTTBT).
An INTTBT is generated on the first falling edge of source clock (the divider output of the timing
generator selected by TBTCK) after the time base timer has been enabled. The divider is not cleared by
the program ; therefore, only the first interrupt may be generated ahead of the set interrupt period

(Figure 2-7.(b)).

The interrupt frequency (TBTCK) must be selected with the time base timer disabled (the interrupt

frequency must not be changed with the disable from the enable state). Both frequency selection and

enabling can be performed simultaneously.

MPX

fc/22 >—
fe/22' >—
fc/2'6 >—
fe/2 >—
fe/2'3 >—
fc/2'? >—
fe2" >—
fc/2° >—

ITQOTMQUNW>

wv

lock -
M' Falling edge detector

3r

A

TBTCK

TBTEN

I TBTCR I

Time base timer control register

Source clock

TBTEN

INTTBT

(a) Configuration

IDLEQ release request

INTTBT interrupt request

-

1 n

-~ ———————!
‘ Interrupt period -
Enable TBT

(b) Time base timer interrupt

MPX: Multiplexer

Figure 2-7. Time Base Timer

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

DI

SET (EIRL).6

LD (TBTCR),00000010B ; TBTCK « “010”
LD (TBTCR),00001010B ; TBTEN « “1”
; IMF < “0”
;IMF < “1”

EI
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TBTCR 7 6 5 . 4. 3 2 ! 0
(0036, |(DVOEN)]  (DvocK) | 0" | TBTEN | TBTCK _ | (nitial value: 0000 0000)
TBTEN | Time base timer enable/disable O Disable
1: Enable
000: fc/2%
001: fc/2
010: fe/2'® R/W
TBTCK Time base timer interrupt 011: f¢/2
frequency select [Hz] 100: fc/2"
101: fc/2"
110: fe/2"
11: fe/2°
Note 1: fc : High-frequency clock [Hz], *: Don’tcar
Note 2: Make sure to write “0” to bit4 in TBTCR.

Figure 2-8. Time Base Timer Control Register

Table 2-2. Time Base Timer Interrupt Frequency (Example: fc = 8.0 MHz)

TBTCK Time base timer interrupt frequency [Hz]
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2.4

Watchdog Timer (WDT)

The watchdog timer is a fail-safe system to rapidly detect the CPU malfunctions such as endless looping
caused by noise or the like, or deadlock and resume the CPU to the normal state.

The watchdog timer signal for detecting malfunction can be selected either a reset action or a non-
maskable interrupt request. However, selection is possible only once after reset. After releasing a
reset, the reset action is selected.

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

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

2.4.1 Watchdog Timer Configuration

Internal reset

MPX

Reset release signal from T.G.

fc/22 —> Binary Counters T_

A
fc/228 —>|B Clock
fe/219 —> g Y Overflow WDT output

17
fc2”7 —>D ¢ ear | 1] 2 —D_S Q> RESETrequest
2 ] j > Interrupt request INTWDT

R

O

WDTT | WDTEN Writing Writing clear WDTOUT
disable code | code

Controller

0034y f 0035y f
MPX: Multiplexer

Watchdog timer control registers

Figure 2-9. Watchdog Timer Configuration
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2.4.2 Watchdog Timer Control

Figure 2-10 shows the watchdog timer control registers (WDTCR1, WDTCR2). The watchdog timer is
automatically enabled after reset.

(1) Malfunction detection methods using the watchdog timer
The CPU malfunction is detected at follows.
@ Setting the detection time, selecting output, and clearing the binary counter.
(@ Repeatedly clearing the binary counter within the setting detection time

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

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

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

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

WDTCRT  ....... ! 6 ... 5 4 3 2 ! 0
(0034y) : | (ATAS) | (ATOUT) | WDTEN I woTT | WDTOUT | (Initial value: #x11 1001)
Watchdog timer 0: Disable (It is necessary to write the disable code to WDTCR2)
WDTEN .
enable/disable 1: Enable
00: 225/fc
Watchdog timer 01: 223/fc Write-
WDTT | Jetection time [s] 10: 221/fc only
11: 219/f¢
WDTOUT Watchdog timer 0: Interrupt. request
output select 1: Reset action

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

Note 2: fc: High-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 clearing 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

WDTCR2 7 6 5 4 3 2 1 0 N
(0035y) | : : : : : : : | (Initial value: *##* *xx%)

4E,: Watchdog timer binary counter clear (clear code)
Watchdog timer control B1y: Watchdog timer disable (disable code) Write-
code write register D2y: Enable assigning address trap area only

Others: Invalid

WDTCR2

Note 1: The disable code is invalid unless written when WDTEN =0.
Note 2: x: Don’t care
Note 3: The binary counter of the watchdog timer must not be cleared by the interrupt task.
Note 4: Clears the binary counter does not clear the source clock.
It is recommended that the time to clear is set to 3/4 of the detecting time

Figure 2-10. Watchdog Timer Control Registers

(2) Watchdog timer enable

The watchdog timer is enabled by setting WDTEN (Bit 3 in WDTCR1) to 1. WDTEN is initialized to 1
during reset, so the watchdog timer operates immediately after reset is released.

(3) Watchdog timer disable

Before disabling the watchdog timer, clear the interrupt master enable flag (IMF) to 0, write the clear
code (4Eq) to WDTCR2, and then clear WDTEN (Bit 3 in WDTCR1) to 0. The watchdog timer can then
be disabled by writing the disable code (B1y) to WDTCR2. The watchdog timer cannot be disabled if the
disable code is written to WDTCR2 before clearing WDTEN to 0. While the watchdog timer is disabled,
the binary counters are cleared to 0.

Example: Disables the watchdog timer

DI ;. IMF<0

LD (WDTCR2),04Eq ;  Clears the binary counters

LDW (WDTCR1),0B101g ; WDTEN<«0, WDTCR2<«Disable code
EI ; IMF<1
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243

24.4

Table 2-2. Watchdog Timer Detection Time (Example: fc=8.0 MHz)

WDTT Watchdog timer detection time [s]
00 4.194
01 1.048
10 262.144 m
11 65.536 m

Watchdog Timer Interrupt (INTWDT)

This is a pseudo non-maskable interrupt which can be accepted regardless of the contents of the EIR. If
a watchdog timer interrupt or a software interrupt is already accepted, however, the new watchdog
timer interrupt waits until the previous interrupt processing is completed (the end of the [RETN]
instruction execution).
The stack pointer (SP) should be initialized before using the watchdog timer output as an interrupt
source with WDTOUT.

Example: Watchdog timer interrupt setting up
LD SP,023FH ;  Sets the stack pointer
LD (WDTCR1),00001000B ; WDTOUT«0

Watchdog Timer Reset

If the watchdog timer output becomes active, a reset is generated to reset the internal hardware. The
reset output time is about 8/fc to 24/fc [s] (1.0 to 3.0 us at fc=8.0 MHz).

Clock

_I H :
Binary counter IX 2 XEX 0o X 1 X 2 X 3 X 0

Overflow
INTWDT interrupt "

Internal reset A I reset

2%/fc [s]

[ LI LI LI 1Tt

|
writes 4Ey to WDTCR2

Figure 2-11. Watchdog Timer Interrupt/Reset
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2.4.5 Address Trap

The Watchdog Timer Control Register 1, 2 shares its addresses with the control registers in case of
address trap. These control registers for address trap are shown on Figure 2-12. Whether internal
RAM area should be trapped or not is selected on bit ATAS on WDTCR1. The written data becomes
valid after the control code D2H is written on WDTCRZ2. If the instructions are to be placed on internal
RAM area, internal RAM area should be excepted from the area to be trapped before such instructions

are executed.

The operating mode under address trapped, whether to be reset-action or interrupt processing, is

selected on bit ATOUT on WDTCRI1.

Example: Setting in order that the CPU normally executes instruction in internal RAM area and the

address trap causes interrupt

LD (WDTCR1),0D200H

Watchdog Timer Control Register 1

WDTCR1 7 ] 5. 5 4 3 2 ! 0
(0034y) [ atas | atour [worem | worn  wotoun] (nitial value: ++11 1001)

0: SFR

ATAS Area for address trap 1: SFR and RAM area .
(Valid if control code is written on WDTCR?2) Wn;ce-
only
L 0: Interrupt request
ATOUT [ Operation in case of address trap 1+ Reset action
Watchdog Timer Control Register 2

WDTCR2 7 6 5 4 3 2 1 0
(00354) | : ! ! | (Initial value: #**% #%%x)

D2y: Address trapped area valid to set

(ATRAP control code)
Watchdog timer control code | 4Ey: Watchdog timer binary counter clear Write-
WDTCR2 | and Address trapped area control (WDT clear code) only
code B1y: Watchdog timer disable
(WDT disable code)
Others: Invalid
Figure 2-12. Watchdog Timer Control Registers
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2.5 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 P12 (DVO). The P12 output latch should be set to

1.

Note: Selection of divider output frequency must be made while divider output is disabled.

TBTCR
(0036y,)

7 6 5 4 3 2 1 0
[ DVOEN | DVOCK [ 0" [ (mBTEN) | | (TBTCK) | | (nitial value: 0000 0000)
Divider output 0: Disable
DVOEN enable/disable 1: Enable
00: f/213 RIW
Divider output (DVO) 01: fe/212
bvocK frequency selection [Hz] 10: fe/21
11: f¢/210
Notel: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], #*: Don’tcare
Note2: Make sure to write “0” to bit 4 in TBTCR.

Figure 2-13. Divider Output Control Register

Example: 0.977 kHz pulse output (at fc = 8.0 MHz)

SET (P1DR).2 ;  Pl2outputlatch«1
SET (P1CR).2 ;  Set P12 for output mode
LD (TBTCR),10000000B ; DVOEN<«1,DVOCK<«00
Table 2-3. Divider Output Frequency (Example: at fc=8.0 MHz)
DVOCK Divider output frequency [Hz]

00 0.977 k

01 1.953 k

10 3.906 k

11 7.813k

Data output

fc/213
fc/212
fe/211
fc/210

Divider output control register

MPX: Multiplexer

>—B
>>: P12 output latch J I_I
DVOCK DVOEN DVOEN —I L

svopnowsut I LT LT[

(a) Configuration (b) Timing Chart

Figure 2-14. Divider Output
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2.6 8-Bit Timer/Counter (TC3, 4)

The TMP86P202/203 have two channels of 8-bit timer/counter (TC3, 4). These timer/counter are used
as timer, event counter, PWM, PPG and PDO. These are also available as a 16-bit timer/counter by
cascade connection.

2.6.1 Configuration

PWM mode
fl
Over flow ) :D—» INTTCA interrupt request
fe/211 or fs/23 A Bbit /—’_I |_
fc/27 —>|B Y A Y™
> up-counter
fer23 —>C B Clear \—\—LOQ_ Teas
3 —{D S >
fc/2 | PDO, PPG mode
fc/2 —>»|F 16-bit A v Toggle
fc —|G mode B Q _[>o_|:|
TC4 pin |—> H 16-bit___ Set -
S mode Timer mode E’PWMM
reas, S |E Clear PPG4 pin
A vent counter mode
TCAS ~<— v ,
TFF4 TCACK B Timer F/F4
PWM, PPG mode
PWREG4 .
| TcacR | | TTREGA " G | T PDO, PWM, PPG mode
@ @ @ TFF4
16-bit
mode
TC3S
PWM mode
Clear S INTTC3 interrupt request
fc/21 or fs/23 —>|A Py
7 —>B  Yf—> -bi
fe/2 up-counter Over flow 16-bit mode
fo2® ¢ PDO mode
fe/23 —>|D —I—I—>
Toggle
fe/2 —>|F
fe —G 16-bit mode Q —DO—D
TC3 pin D—) H Timer mode Set PDO3/PWM3
S Event counter mode i
TC3M ~— Clear pin
TC3S - Timer F/F3
TC3CK
TFF3
PWM mode DeCOdeEN PDO, PWM mode
| TC3CR " TTREG3 " PWREG3 I A 16-bit mode
@ @ @ o
Note: No control input/output may be enabled depending on how the I/0 ports are configured. See the chapter on
the I/O ports for details.

Figure 2-15. 8-BitTimer 3,4
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2.6.2 Control

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

Timer Register

TIREG3 | : g g g : : g | (initial value: 1111 1111)
(001Cp)
RIW

PWREG3 | : : g g : : : | (nitial value: 1111 1111)
(001Ey,)
RIW

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

Timer/Counter 3 control register

7 6 5 4 3 2 1 0

TC3CR | TFF3 I ,TC3CK | TC3$ I  TC3M | I (Initial value: 0000 0000)
(001Ay)

0: Clear
1: Set

000: fc/211
001: fc/27
010: fc/25
011: fc/23
100: Reserved
101: fc/2

110: fc R/W
111: External clock (TC3 pin input)

TFF3 Timer F/F3 contorl

TC3CK [ TC3 source clock select [Hz]

0: Stop and counter clear

TC3S TC3 start control 1: Command start

000: 8-bit timer/event counter mode

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

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

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

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

Note 4: When used as 16-bit mode, the operating mode is selected by TC4M (bit 2 to 0 in TC4CR), and TC3M (bit
2 to 0in TC3CR) should be set to "011”.

Note 5: When used as 16-bit mode, only the source clock is selected by TC3CK, and start of operation and
control of F/F are controlled by TC4S and TFF4 (bit 3 and 7 in TC4CR).

Note 6: Selecting source clock depends on the operating mode, refer to Table 2-4 for details.
Note 7: Value of timer register depends on the operating mode, refer to Table 2-5 for details.

Figure 2-16. Timer 3 Register and Timer/Counter 3 Control Register
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The timer/counter 4 is controlled by a timer/counter 4 control register (TC4CR) and two 8-bit timer
registers (TTREG4 and PWREG4).

Timer Register

TTREG4 | g : : : : : g | (nitial value: 1111 1111)
(001Dy)
RIW

PWREG4 | ; : : : ; ; : | (nitial value: 1111 1111)
(001Fy)
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 16-
bit PWM mode.

Timer/Counter 4 control register

7 6 5 4 3 2 1 0

(Toccﬁ%R) Lrrra |  TCACK, | Tcas | TCAM | | (nitial value: 0000 0000)
H

0: Clear
1: Set

000: fe/211

001: fc/27

010: fc/25

011: f/23

100: Reserved

101: f¢/2

110: fc

111: External clock (TC4 pin input)

TFF4 Timer F/F4 contorl

TCACK | TC4 source clock select [Hz]

0: Stop

TC4S TC4 start control 1: Command start

000: 8-bit timer/event counter mode

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

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

011: Reserved

100: 16-bit timer/event counter mode

101: Reserved

110: 16-bit pulse width modulation (PWM) mode

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

TCAM TC4 operating mode select

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

Note 3: When TC4 operation is stopped (TC45 = "1" — "0”), do not change TC4M, TC4CK and TFF4. But it is
possible to change TC4M, TC4CK and TFF4 at the start timing (TC45 = "0" — "1”).

Note 4: When TC4M is selected to "1++” (16-bit mode), the source clock is automatically selected to the over-
flowing signal of TC3 counter.

Note 5: When used as 16-bit mode, the operating mode is selected by TC4M (bit 2 to 0 in TC4CR), and TC3M (bit
2 to 0in TC3CR) should be set to "011”.

Note 6: When used as 16-bit mode, only the source clock is selected by TC3CK, and start of operation and
control of F/F are controlled by TC4S and TFF4 (bit 3 and 7 in TC4CR).

Note 7: Selecting source clock depends on the operating mode, refer to Table 2-4 for details.
Note 8: Value of timer register depends on the operating mode, refer to Table 2-5 for details.

Figure 2-17. Timer 4 Register and Timer/Counter 4 Control Register
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Table 2-4. Operating Mode and Available Source Clock
(NORMALA1, IDLE1 mode)

TCi

Operating Mode fa211 | fe27 | fe/25 | fo/23 fc/2 fc |pin
input
8-Bit Timer O O O O - - -
8-Bit Event Counter - - - — — - O
8-Bit PDO O O O O - - -
8-Bit PWM O @) O ©) ©) ©) -
16-Bit Timer @) O O O - - —
16-Bit Event Counter - - - - — - O
16-Bit PWM O O O O O O O
16-Bit PPG O ©) O O — — ©)

Notel: For 16-bit operation (16-bit Timer/Event Counter, 16-bit PWM and 16-bit PPG), set its source clock on lower

bits (TC3CK).

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

Table 2-5. Restriction against the Rate for Comparing Registers

Operating Mode Authorized Rate for Register
8-Bit Timer/Event Counter 1 = (TTREGj) = 255
8-Bit PDO 1 = (TTREGj) = 255
8-Bit PWM 2 = (PWREG])) = 254
16-Bit Timer/Event Counter 1 = (TTREGm, n) = 65535
16-Bit PWM 2 = (PWREGm, n) = 65534
16-Bit PPG 1 = (PWREGm, n) < (TTREGm, n) = 65535 ((PWREGm, n) + 1 < (TTREGm, n))
Note: j=3,4m=4,n=3
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2.6.3 Function

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

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

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

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

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

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

Note 3: j =3or4

Table 2-6. Timer/Counter 3, 4 Source Clock (Internal Clock)

Resolution Maximum setting time
Source clock
fc=8MHz fc=8MHz
fe/2" [Hz] 256 us 65.2 ms
fc/2’ 16 us 41 ms
fe/2° 4 us 1.0 ms
fc/2? 1 us 256.0 us

Example: Sets the timer mode with source clock fc/27 [Hz] and generates an interrupt 160 us later
(at fc = 8 MHz).

LD (TTREG4),0AH ;  Sets the timer register (160 us+2"/fc=0AgH)
DI

SET (EIRH).3 ;  Enables INTTC4 interrupt

EI

LD (TC4CR),00010000B ;  Sets operating clock to fc/27, 8-bit timer mode.
LD (TC4CR),00011000B ;  Starts TC4

TCACR<TCAS>

1 1

Internal 1 I
source | 1
clock : i
I

v T XOXEG xj D

TTREGA ? X n «
H

INTTCA ! Match k Counter # Match L Counter i
interrupt request ! ( detect I-r clear detect I-r clear i
12 L

{4
)

Figure 2-18. 8-Bit Timer Mode Timing Chart (In Case of Timer/Counter 4)
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(2) 8-Bit Event Counter Mode (Timer/Counter 3 and 4)

In this mode, events are counted on the falling edge of TCj pin input. The contents of TTREGj are
compared with the contents of up-counter. If a match is found, an INTTCj interrupt request is
generated, and the counter is cleared. (The input clock width, whether high or low, requires at least two
machine cycles.) The maximum applied frequency is fc/24 [Hz] in NORMAL1 or IDLE1 mode. Two or
more machine cycles are required for both the “H” and “L” levels of the pulse width.

NORMAL/IDLE1
“H” width 23/fe
“L” width 23/fc

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

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

Note 3: j=3or4

TCACRLTCAS>

_I, |—
TC4 pininput I | : I l I l I l :
]
]

1 1
" 1 1 1 1
Up- 0 X 1+ X2 Kz n-1Xn¥XoX 1 2 n-1Xn¥Xo 1 sz 0
counter 1
1

[}
! (¢ (¢

TTREG4 ) );
? X n LC P LC

b

1 " H v

INTTC4 ! Match Counter Match \ Counter !

interrupt request i « detect kn’ clear ( detect rP clear i
12] 12]

Figure 2-19. Event Counter Mode Timing Chart (In Case of Timer/Counter 4)

(3) 8-Bit Programmable Divider Output (PDO) Mode (Timer/Counter 3 and 4)

The internal clock is used for counting up. The contents of TTREGj 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 a this mode, respective
output latch should be set to “1”. This mode can be used for 50% duty pulse output. Timer F/Fj can be
initialized by program, and it is initialized to “0” during reset. An INTTCj interrupt request is
generated each time the PDOj output is toggled.
Example: Output 512 Hz pulses using TC4 (at fc = 8.0 MHz)

LD (TTREG4),3DH ; (171024 +27/fe) +2=3Dyg

LD (TC4CR), 00010001B ;  Sets operating clock to fe/27, 8-bit PDO mode

LD (TC4CR),00011001B ;  Starts TC4.

Note 1: In the programmable divider output(PDO) mode, do not change the setting of timer
registers (TTREGj) while timer/counter is operating. Since TTREGj 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 PDOj pin,
modify TGCR<TTFj> after timer/counter has been stopped. Do not execute halt of
timer/counter and modification of TFFj simultaneously.

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

Note 3: j =3or4

86P202-57 2003-02-26



TMP86P202/203

TOSHIBA

(¥ 193unod/1aWL JO Bsed u|) 3pON OQd 404 Hey) Buiwi] 11g-8 0Z-Z 24nbiy

jsanbauydnuisyus

! L U U | _ POLIN|
‘doys je [9A3] ay3 ploH /m “ " _ “ !
1 " - |
r_ m L | i uid $0Qd
_ “ “ palap “ “ »elep “ __
198 4/4 ! [, e _ P3P ), wrEn [ wewp m pa/d 1wl
“ ] yore |y yaew “
1
; Q 0 u o X ¢ yDIUL
3
I
|

:
: 0/ 0 008) € €0 00 8 € €5 00 §) © 6 0.0 §) € 0 GxmmFETen

1
—_—_——___—____________—_______—_—____—___v_uO_uwu‘_JOm_mc._mu.C_

]
I
m <p441>UDPDL
1
1

_ <SPIL>UDPDL

2003-02-26

86P202-58



TOSHIBA TMP86P202/203

4

8-Bit Pulse Width Modulation (PWM) Output Mode (Timer/Counter 3 and 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/Fi output is inverted and output to the
PWMIi pin. An INTTCi interrupt request is generated when an overflow occurs.

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

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

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

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

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

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

Note4: i=3or4

Table 2-7. PWM Output Mode

Resolution Period of one cycle
Source clock

fc=8MHz fc=8MHz
fc/2" [Hz] 256 us 65.5 ms
fe/2’ 16 us 4.1 ms
fes2° 4 us 1.02 ms
fes23 1 us 256 s
fec/2 250 ns 64 “s
fc 125 ns 32 s
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(5)

16-Bit Timer Mode (Timer/Counter 3 and 4)

This is a timer mode in which the timers count up on the internal clock. The timer counters 3 and 4 can
be cascaded to form a 16-bit timer,

After the timers start as specified by TC4S (TC4CR bit 3), an INTTC4 interrupt request is generated
and the counter is cleared on each match between the counter value and the values of the timer
registers (TTREG3 and TTREG4). Counting is continued after the counter is cleared. The timer
registers must always be set in the order of the lower-order register (TTREG3) and higher-order
register (TTREG4) (it is disallowed to set only the lower- or higher-order timer register).

Note 1: In the timer mode, always write TCGCR<TFFj> to “0”. If TFFj is set to “1”, unexpected pulse
may be output from PDOj/PWM,/PPGj pin.
Note 2: In the timer mode, do not change the setting of timer registers (TTREGj) while timer/counter

is operating. Since TTREGj is configured as one-stage register, a newly set value is
immediately reflected on the timer register.

Note 3: j=3o0r4

Table 2-8. 16-Bit Timer Mode
Resolution Maximum setting time
Source clock

fc=8MHz fc=8MHz
fe/2" 256 us 16.78 s
fe/2’ 16 us 1.05 s
fe/2® 4 us 262.1 ms
fe/23 1 us 655 ms

Example:

Set the 16-bit timer mode with source clock fc/27 [Hz] and generates an interrupt 600 [us]
later (at fc=8 [MHz])
(TTREG3),927CH

LDW
DI
SET
EI
LD
LD
LD

(EIRH). 3

(TC3CR), 13H
(TC4CR), 04H
(TC4CR), 0CH

>
.
b

’

Sets the timer register (600 ms + 27/fc=927Cy)
Enable INTTCA4 interrupt
Sets the 16-bit timer mode (lower) and source clock

Sets the 16-bit timer mode (upper)
Starts timer/counter
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Internal
source
clock

Counter

TTREG3
(lower)

TTREG4
(upper)
INTTC4

TCACRLTCAS>

interrupt request

o;X1xZXa>QD<m@@<1>G>< o
i ( + :} = H

C
: X n ot

] 4

U
}

1 {4 {C

e ————
! Match \_J Counter clear Match \_J Counter clear
: detect I-I detect i

(¢ (¢ 1
1) 12

Figure 2-22. Timing Chart for 16-Bit Timer Mode (Timer/Counter 3 and 4)

(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.

If a match is found, the INTTC4 interrupt request 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/2* [Hz] in NORMALIL or IDLE1 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
TTREGS3 more first than TTREG4. The timer register must not write only either TTREG3 or
TTREGA.

NORMAL/IDLE
“H” width 23/fe
“L” width 23/fc

The timer registers must always be set in the order of the lower-order register (TTREG3) and higher-
order register (TTREG4) (it is disallowed to set only the lower- or higher-order timer register).
When the timer registers are rewritten during counting, the new timer register values are reflected
on the falling edge of the next input to the TC3 pin after the rewrite of the higher-order timer
register (TTREG4) is completed (matches occur based on the previously set timer register values
until the rewrite is completed). Initially, new timer register values are reflected when the 16-bit
event counter is started by the TC4S bit after TTREG3 and TTREGA4 being loaded with initial data.

Note 1: In the event counter mode, always write TCCR<TFFj> to “0”. If TFFj is set to “17,
unexpected pulse may be output from PDOj/PWM]|/PPGj pin.

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

Note 3: j=3or4
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(7

16-Bit Pulse Width Modulation (PWM) Output Mode (Timer/Counter 3 and 4)

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

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 request 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 INTTCA4 interrupt request timing. While timer/counter is
operating, the data by read instruction is not a setting value of PWREG4/3 but a value of shift register.
Therefore, after writing to PWREG4/3, the reading data of these registers is previous value till INTTC4
interrupt request is generated.

While timer/counter stops, written value to PWREGA4/3 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 register PIWREGm,n immediately after an INTTCm interrupt
is generated (normally during the INTTCm interrupt request service routine). If writing to
PWREGm, n and INTTCm interrupt occur at the same time, the unstable value being written
is shifted. This may cause pulses different from the set value to be output until the next
INTTCm interrupt is generated.

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

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

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

Noted4: m =4,n=3,i =4

Table 2-9. 16-bit PWM Output Mode

Resolution Period of one cycle
Source clock

fc=8 MHz fc=8 MHz
fc/2™ [Hz] 256 us 16.78 s
fe/2’ 16 us 1.05 s
fe/2? 4 us 262.1 ms
fe/23 1 s 65.5 ms
fc/2 250 ns 16.4 ms
fc 125 ns 8.2 ms

Example: Extract the pulse, whose term and “high” width is 65.536 ms and 2 ms respectively, from P31

width 16-bit PWM mode (at fc=8 MHz = “0”)
LDW (PWREGS3),07DOH ; Sets pulse width

LD (TC3CR),33H ;  Sets the 16-bit PWM mode (lower) and source clock
(fe/2%)

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

LD (TC4CR),05EH ; Starts timer/counter
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(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.

First, the contents of PWREG3/4 are compared with the contents of up-counter. If a match is found, the
timer F/F4 output is toggled. Next, timer F/F4 is again toggled and the counter is cleared by matching
with TTREG3/4. The INTTC4 interrupt is generated at this time.

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

The F/F4 output is configured by TCACR <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/
TTREGA4.

Example: Extract the pulse, whose term and “high” width is 32.770 ms and 2 ms respectively, from P31
with 16-bit PPG mode (at fc=8 MHz)
LDW (PWREGS3),07DOH ; Setspulse width

LDW (TTREG3), 8002H ; Sets pulse term

LD (TC3CR),33H ;  Sets the 16-bit PPG mode (lower) and source clock (fc/23)
LD (TC4CR),057H ;  Sets the TFF4 to “0” and sets the 16-bit PPG mode(upper)
LD (TC4ACR),05FH ;  Starts timer/counter

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

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

Example: Fixes PPGj output at high level after timer/counter is stopped
CLR(TCjCR).3 ,; Stopstimer/counter
CLR(TCiCR).7 ; Sets PPGjoutputto high level output
Note3: j=4, i=3o0r4
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2.7 8-Bit AD Converter (ADC)
The TMP86P202/203 have a 8-bit successive approximation type AD converter.
Note: AD conversion characteristics are guaranteed with limited supply voltage range (4.5 Vto 5.5 V).
If supply voltage is less than 4.5 V then AD conversion accuracy can not be guaranteed.
2.71 Configuration
The circuit configuration of the 8-bit AD converter is shown in Figure 2-25.
It consists of control registers ADCCR1 and ADCCR2, converted value registers ADCDR1 and
ADCDR2, a DA converter, a sample-and-hold circuit, a comparator, and a successive comparison
circuit.
DA converter
vDD O : Tl__ AN A e —MW——F+—1vss
L LR2 R R/2
. . Ref
Analog input multiplexer ;---S.ample board - VSItearge:ce
¢ cireuit :
AIN2 —c Y W\,_O/Oﬁ .
AIN3 [—]D e ;I/;
Analog
AINd [J—E comparator
m! Successive approximate circuit
AINS F Shift clock > L
s EN Control circuit INTABC
4 AINDS 5
2 8 EOCF | ADBF
SAIN 1| ADRS| |AMD [IREFON | ACK
ADCCR1 ADCCR2 ADCDR1 ADCDR2
AD converter control register1, 2 AD conversion result register
Figure 2-25. AD Converter (ADC)
2.7.2 Register Configuration
The AD converter consists of the following four registers:
¢ AD converter control register 1 (ADCCR1)
e AD converter control register 2 (ADCCR2)
e AD converted value register 1 (ADCDR1)
e AD converted value register 2 (ADCDR2)
(1)  AD converter control register 1 (ADCCR1)
This register selects the analog channels and operation mode (software start) in which to perform AD
conversion and controls the AD converter as it starts operating.
(2) AD converter control register 2 (ADCCR?2)
This register selects the AD conversion time and controls the connection of the DA converter (ladder
resistor network).
(3) AD converted value register1 (ADCDR1)
This register is used to store the digital value after being converted by the AD converter.
(4) AD converted value register2 (ADCDR2)

This register monitors the operating status of the AD converter.
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The AD converter control register configurations are shown in Figures 2-26 and 2-27.

AD Converter Control Register 1

7 6 5 4 3 2 1 0
ADCCR1 [ ADRS | AMD | AINDS | . SAIN . | (nitial value: 0001

0000)

(000ER)
0: -

ADRS AD conversion start 1: AD conversion start

00: Reserved
01: Software start mode
10: Reserved
11: Reserved

AMD AD operating mode select

0: Analog input enable

AINDS [ Analog input control 1: Analog input disable

0000: Reserved
0001: Reserved
0010: Selects AIN2
0011: Selects AIN3
0100: Selects AIN4
0101: Selects AINS
0110: Reserved
0111: Reserved

SAIN AD input channel select

Note 1: Select analog input when AD converter stops.
Note 2: When the analog input is all use disabling, the AINDS should be set to 1.

port near to analog input, do not input intense signaling of change.
Note 4: The ADRS is automatically cleared to 0 after starting conversion.

(INTADC) is generated (e.g., interrupt handling routine).

mode is resumed, .set the AD converter control register 1 (ADCCR1) again if necessary.

AD Converter Control Register 2

Note 3: During conversion, do not perform output instruction to maintain a precision for all of the pins. And

Note 5: Do not set ADRS (ADCCR1 bit 7) newly again during AD conversion. Before you set ADRS newly again,
check EOCF (ADCDR bit 5) to see that the conversion is completed or wait until the interrupt signal

Note 6: When STOP mode is activated, AD converter control register 1 (ADCCR1) is all initialized. After NORMAL

ADCCR2 sl B S A3 2 10
(000Fy) : g | ~ ACK W (Initial value: #+00 0000)
. 0: ON only during AD conversion
IREFON | Ladder resistor ON/OFF 1: Always ladder resistor ON
ACK C°’1‘i’2r:'°” fc=8MHz | fc=4MHz | fc=2MHz
000 Reserved
001 Reserved R/W
. . 010 78/fc[s] - 19.5 39.0
ACK AD
conversion time 011 156/fc [s] 19.5 39.0 78.0
100 312/fc[s] 39.0 78.0 156.0
101 624/fc [s] 78.0 156.0 .
110 1248/fc [s] 156.0 - -
111 Reserved

Note 1: Settings for - in the above table are inhibited.
Note 2: Set conversion time by analog reference voltage (Vpp) as follows.
Vpp=4.5t0 5.5V (15.6 us or more)
Note 3: Always set bit 0 in ADCCR2 to 0 and set bit4in ADCCR2 to 1.
Note 4: When a read instruction for ADCCR2, bit 6 to 7 in ADCCR2 read in as undefined data.
Note 5: fc : High-frequency clock [Hz]

mode is resumed, set the AD converter control register 2(ADCCR2) again if necessary.

Note 6: When STOP mode is activated, AD converter control register 2 (ADCCR2) is all initialized. After NORMAL

Figure 2-26. AD Converter Control Register
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273 AD Converter Operation
AD Conversion Result Register
7 6 5 4 3 2 1 0
'(“Oggg'? [ ADo7 [ AD06 | ADO5 | AD04 [ ADO3 | AD02 [ ADO1 [ AD0O | (Initial value: 0000 0000)
H 6 5 4 3 2 1 0
ADCDRY  § e e T T " )
EOCF | ADBF (Initial value: *x00 %)
ADCORZ 1™ Eocr [Aver |
EOCF AD conversion end flag 0 Under conversion or Before conversion
1: End of conversion Read-
) - X only
ADBF AD conversion busy flag 0: Dur!ng stop of AD conversion
1: During AD conversion
Note 1: The EOCF is cleared to 0 when reading the ADCDRI1.
Therefore, the AD conversion result should be read to ADCDR2 more first than ADCDR1.
Note 2: ADBF 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).
Note 3: If a read instruction is executed for ADCDR2, read data of bit 7, 6, 3 to 0 are unstable.
Figure 2-27. AD Converter Result Register
(1) Setupthe AD converter control register 1 (ADCCR1) as follows:

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

(2) Setupthe AD converter control register 2 (ADCCR2) as follows:

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

e Choose IREFON for DA converter control.

After setting up (1) and (2) above, set AD conversion start (ADRS) of AD converter control register 1
(ADCCR1) to 1. If software start mode has been selected, AD conversion starts immediately.

(3)

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

(4)

EOCF is cleared to 0 by a read of the conversion result. However, if reconverted before a register read,
although EOCF is cleared the previous conversion result is retained until the next conversion is
completed.

When STOP mode starts, the AD Control Register 1 (ADCCR1) and AD Control Register 2 (ADCCR2)
have all bits initialized. When using the AD converter after exiting STOP mode, set up the registers
ADCCR1 and ADCCR2 back again.

(5)

(6)
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2.7.4
(1

AD Converter Operation Modes
Software start mode

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

After completion of the AD conversion, the conversion result is stored in AD converted value registers
(ADCDR1) and at the same time EOCF (ADCDR2 bit 5) is set to 1, the AD conversion finished interrupt
(INTADC) is generated.

ADRS is automatically cleared after AD conversion has started. Do not set ADRS (ADCCR1 bit 7)
newly again (restart) during AD conversion. Before you set ADRS newly again, check EOCF (ADCDR
bit 5) to see that the conversion is completed or wait until the interrupt signal (INTADC) is generated
(e.g., interrupt handling routine).

ADRS [ 1

Convert operation ‘ ! I I

ADCDR1 Indgterminate XFirst conversion result X Second conversion result
EOCF I |
INTADC I-I I-I

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

2.7.5

Figure 2-28. Operation in Software Start Mode

STOP Modes during AD

When standby mode (STOP mode) is forcibly entered during AD conversion, the AD conversion is
stopped in the middle and the AD converter is initialized. In this case, the conversion result is
indeterminate. (Because the results for up to the last conversion performed also are cleared, always
read out the conversion results before entering standby mode.) Also, be sure to restart AD conversion
after returning from standby mode, because AD conversion is not automatically restarted. Note that
because the analog reference voltage is automatically turned off, there will be no currents flowing into
the analog reference voltage.
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2.7.6

Example:

Analog Input Voltage and AD Conversion Result

After selecting the conversion time of 39.0 us at 8 MHz and the analog input channel AIN4

pin, perform AD conversion once. After checking EOCF, read the converted value and store
the 8-bit data in address 009Fyg on RAM. The operation mode is software start mode.

LD
LD
LD
LD

SET
TEST
JRS

SLOOP:

LD
LD

(P3DR), 00000000B
(P3CR), 00000000B

(ADCCR1), 00100100B ;
(ADCCR2),11011000B ;

(ADCCR1).7
(ADCDR2). 5
T, SLOOP

A, (ADCDR1)
(9FH), A

’
.
b
>
b

>

; AIN SELECT

P3DRbit6 =0

; PBCRDbit6 =0

Select AIN4
Select conversion time (312/fc) and operation mode
AD CONVERT START

ADRS =1
EOCF =17
RESULT DATA READ

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

Figure 2-29.

AD conversion result

FFy T —

FEH T R

>)

03, +

02H T

01y T G

—t —————— —
0 1 2 3 253 254 255 256 X

Analog input voltage

VDD —VSS

256

Figure 2-29. Analog Input Voltage and AD Conversion Result (typ.)
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2.7.7
(1

(2)

3)

Precautions about AD Converter
Analog input pin voltage range

Make sure the analog input pins (AIN2 to AIN5) are used at voltages within VSS below VDD. If any
voltage outside this range is applied to one of the analog input pins, the converted value on that pin
becomes uncertain. The other analog input pins also are affected by that.

Analog input shared pins

The analog input pins (AIN2 to AIN5) are shared with input/output ports. When using any of the
analog inputs to execute AD conversion, do not execute input/output instructions for all other ports.
This is necessary to prevent the accuracy of AD conversion from degrading. Not only these analog input
shared pins, some other pins may also be affected by noise arising from input/output to and from
adjacent pins.

Noise countermeasure
The internal equivalent circuit of the analog input pins is shown in Figure 2-30. The higher the output
impedance of the analog input source, more easily they are susceptible to noise. Therefore, make sure

the output impedance of the signal source in your design is 5 kQ or less. Toshiba also recommends
attaching a capacitor external to the chip.

Internal resistance

AINi R=5kQ (typ.) Analog comparator
R R S e L
?ggx:?rlﬁ;é%gilce Internal capacitance
=22 pF .
5 kQ (max) J/; ¢ pF (typ) J/;
DA converter Note: i=2to5

Figure 2-30. Analog Input Equivalent Circuit and Example of Input Pin Processing
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2.8 EPROM Mode
2.8.1 Program Memory (for EPROM Mode)

The TMP86P202/203 have an 2 Kbytes (addresses F800 to FFFFy in the MCU mode, addresses 0000 to
07FFy in the PROM mode) one-time PROM.

0000y
00004
: : Program
FS_OOH Program storage area
: storage area :
FFFFy 07FFy
MCU mode PROM mode
TMP86P202/203
(a) ROM size =2 Kbytes

Figure 2-31. Program Memory Area

Note: Either write the data FFy to the unused area or set the general-purpose PROM programmer
to access only the program storage area
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2.8.2 PROM Mode Control

PROM mode is entered by setting the RESET pin, P01, P00, P12, P11, P20, and P37 to P30 ports, and
TEST as shown in Figure 2-32. In PROM mode, the ROM can be programmed and verified using a
general-purpose PROM programmer.

Note: Fast program mode can be used. (Because settings vary with each PROM programmer used,
refer to the user's manual for your PROM programmer.) The TMP86P202/203 does not have an
electric signature function, so be sure to set the ROM type in your PROM programmer to
TC571000D/AD or equivalent.

When using one of the adapter sockets supported by Toshiba, set its switch to the “N” position.

EPROM adapter socket (TC571000 - 1 Mbit EPROM)

Vpp (12.5 V/5 V)

TMP86P202/203
/ A1610 AD
D7 to DO
Vee TEST XOUT /1_l\
? P37
vDD to |\ /
P30
P11
CE
P00 — Adapter PROM
P20 p?;in Socket Programmer
PO1 bID
P12 CLKS
XIN
VSS
GND ‘
For processing of other pins,
refer to the description of pin
functions in this manual.

Note: Adaptersockets for connecting PROM programmer
BM11203 used for the TMP86P202/203P
BM11204 used for the TMP86P202/203M

Written inside the frame are the pin names on the TMP86P202/203 side.
Written outside the frame are the pin names on the EPROM side.

Figure 2-32. Setting Up PROM Mode
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2.8.3 Programming Flowchart (Fast Program Mode)

Fast program mode is entered by applying a programming voltage, Vpp = 12.75 V, while V¢c = 6.25
V. After entering valid address and input data, apply a 0.1 ms programming (single) pulse to PGM
input, and the data is written to the ROM. Verify whether the data has been written correctly; if not,
apply a 0.1 ms programming pulse again. Repeat this (for up to 25 times) until data is written correctly.
When programmed correctly at the set address, increment the address by one and write the next input
data to the new address in the same way. When you finished writing data to all addresses, set Voc =
Vpp = 5V and verify all programmed addresses.

| Vee=6.25V |
[

| Vpp=12.75V |
]

| Set start address |

-]

| One 0.1 ms programming pulse |

]
| N=N+1 |

Address = address + 1

No

Last address?

Vee=5V
Vpp=5\/

Read all
ddresse

OK
End of
programming

Figure 2-33. Programming Flowchart

Error
{ Failure )
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2.8.4 Using Toshiba Adapter Socket along with General-purpose PROM Programmer
(1) Preparing the adapter

BM11203 used for the TMP86P202/203P
BM11204 used for the TMP86P202/203M (Under development)

(2) Setting up the adapter
Set the switch (SW1) to the N position.
(3) Setting up the PROM programmer

i) Set the PROM type to TC571000D/AD.
Programming voltage: 12.75 V (fast program mode)

ii) Transferring (or copying) data (Note 1)

The PROM of the TMP86P202/203 has different addresses to access when in MCU mode and when in
PROM mode. Therefore, before the ROM contents to be mounted on the TMP86P202/203 can be
written to the PROM of the TMP86P203, the data must be transferred (copied) from the addresses in
MCU mode to the addresses in PROM mode. For the relationship of program areas between MCU
and PROM modes, see Figure 1-1, “Program Memory Area” .

Example:Execute the following in block transfer (copy) mode.

When the ROM size is 2 KB: F800 to FFFFy — 0000 to 07FFy

iii) Set the write address. (Note 1)
Start address: 0000g
End address: 07FFg

(4) Programming

Program and verify the ROM following the operation procedure of your PROM programmer.

Note 1: For details on how to set, refer to the user's manual of your PROM programmer. Always
make sure the data in unused address areas are set to FFp.

Note 2: When attaching the MCU to the adapter or the adapter to the PROM programmer, make
sure the No. 1 pin position on both sides are matched. If attached in reverse, the MCU,
adapter, and PROM programmer may be damaged.

Note 3: The TMP86P202/203 does not support electric signature mode. If the PROM programmer is
used in signature mode, a voltage of 12V + 0.5 Vis applied to No. 9 address pin (A9), which
causes damage to the device. Therefore, do not use signature mode.
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(5)

Security bit

The TMP86P202/208 has a security bit in PROM cell.
If the security bit is programmed to 0, the content of the PROM is disable to be read (FFyg data) in
PROM mode.

(How to program the security bit)

The difference from the programming procedures described in section 2.8.4 are follows.

1) Setting OTP adapter
Set the switch (SW1) to the S side.

2) Setting PROM programmer
i) Setting of programming address
The security bit is in bit 0 of address 1101y.
Set the start address 1101 and the end address 1101yy.
Set the data FEp at the address 1101y.

Note: Do not alter the contents of the register at 1101y after programming the security bit to 0.
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Input/Output Circuitry
(1) Control Pins
The input/output circuitries of the TMP86P202/203 control pins are shown below.
Co;trol 110 Input/Output Circuitry Remarks
in
TMP86P202 TMP86P203 (Under development) Resonator connecting pins
(High-frequency)
Osc. P Osc
< .
enable enable fc R¢ = 1.2 MQ (typ.)
vDD VDD Ro = 0.5kQ (typ.)
XIN Input ? VDD VDD
XOUT | Output Ro
Ceramic or crystal RC
VDD Hysteresis input
Pull-up resistor
RESET Input Rin = 220 kQ (typ.)
Address trap reset R=1000 (typ.)
Watchdog timer
System clock reset
VDD R=100 Q (typ.)
A W % ]
TEST Input ~
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(2) Input/Output Ports
Port I/0 Input/Output Circuitry Remarks
Initial High-Z Sink open drain output
Pch Control VDD or
push-pull output
Data output ] Hysteresis input
PO o Input from D .
output latch High current output (Nch)
High-Z Control _DO_I < R (Programmable port option)
Pininput @I R=100 Q (typ.)
Initial High-Z VDD Tri-state /0
Data output Hysteresis input
P1 /0 R=100Q (typ.)
Disable R
Pininput @
Initial High-Z VDD Sink open drain output
Hysteresis input
Initial High-Z VDD Tri-state /0
Data output Hysteresis input
R=100Q (typ.)
P3 170 Disable < R
Pin input @I
* Refer to Figure 2-6
Note: Inputstatus on pins set for input mode are read in into the internal circuit. Therefore, when using the ports in a mixture
of input and output modes, the contents of the output latches for the ports that are set for input mode may be
rewritten by execution of bit manipulating instructions.
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Electrical Characteristics

Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Pins Rating Unit
Supply Voltage Vpp -0.3t06.5
Program voltage Vpp TEST/Vpp -0.3t013.0
Input Voltage Vin -0.3toVpp+0.3 vV
Vout1 | RESET, Tri-state Port -0.3toVpp+0.3
Output Voltage - -
Vout2 [ P20, Sink Open Drain Port -0.3t05.5
lout1lon | PO, P1, P3 Port -1.8
Output Current (Per 1 pin) lout2loL | P1, P2, P3 Port 12
loutsloL | PO Port 30 mA
S lout1 | PO,P1, P3Port -12
Output Current (Total) S loyt2 | P1,P2,P3Port 40
S loyts | POPort 60
DIP 250
Power Dissipation [Topr=857C] PD soP 180 mw
Soldering Temperature (time) Tsld 260(10s)
Storage Temperature Tstg -55t0 150 °C
Operating Temperature Topr -40t0 85

Note: The absolute maximum ratings are rated values which must not be exceeded during operation, even for an instant. Any
one of the ratings must not be exceeded. If any absolute maximum rating is exceeded, a device may break down or its
performance may be degraded, causing it to catch fire or explode resulting in injury to the user. Thus, when designing
products which include this device, ensure that no absolute maximum rating value will ever be exceeded.

Recommended Operating Condition | (Vss=0V, Topr= - 40 to 85°C)

Parameter Symbol Pins Condition Min Max Unit
3.3
NORMAL1 mode (TMP86P202)
Supply Voltage Vpp 4.5 5.5
IDLEO, 1 mode (TMP86P203)
STOP mode 2.0
\Y Except Hysteresis input Vpp x0.70
. 1H1 xcep _y. 1S Inpu Voo Z 45V DD Vv
Input high Level V42 | Hysteresisinput Vppx0.75 Vbp
Viuz Vpp <4.5V Vpp x0.90
\Y Except Hysteresis input Vpp % 0.30
IL1 P .y. P Vop = 4.5V DD
Input low Level Vi2 [ Hysteresisinput 0 Vpp x0.25
Vi3 Vpp < 4.5V Vpp x0.10
Vpp =3.3to 5.5V (TMP86P202) 1.0 8.0
Clock Frequency fc XIN, XOUT MHz
Vpp=4.51t05.5V (TMP86P203)* 0.4 2.5

Note 1: The recommended operating conditions for a device are operating conditions under which it can be guaranteed that
the device will operate as specified. If the device is used under operating conditions other than the recommended
operating conditions (supply voltage, operating temperature range, specified AC/DC values etc.), malfunction may
occur. Thus, when designing products which include this device, ensure that the recommended operating conditions
for the device are always adhered to.

Note 2: AD conversion characteristics are guaranteed with limited supply voltage range (4.5 V to 5.5 V).

If supply voltage is less than 4.5 V then AD conversion accuracy can not be guaranteed.

*: Under development

86P202-80 2003-02-26



TOSHIBA TMP86P202/203
DC Standard
DC Characteristics (Vss =0V, Topr= -40to 85°C)
Parameter Symbol Pins Condition Min | Typ. | Max | Unit
Hysteresis Voltage Vys | Hysteresis input - 0.9 - \Y
w1 | TEST
Sink Open Drain, Tri-state
Input Current lin2 Port Vpp=5.5V,V,y=5.5V/0V - - +2 LA
o
Inz | RESET,STOP
Input Resistance Rin2 | RESET Pull-Up 100 220 450 kQ
Sink Open Drain, Tri-state
Output Leakage Current Lo Port Vpp=5.5V,Voyr=5.5V/I0V - - +2 LA
o
Output High Voltage Von |PO,P1,P3Port Vpp=4.5V,lopy=-0.7mA 4.1 - - v
Output Low Voltage VoL |P1,P2,P3Port Vop=4.5V, loL= 1.6 mA - - 0.4
Outout Low C ¢ | Middle Current Port (except v 45V V 10V 8
utput Low Curren =4.5V, =1. - -
P oL XOUT, PO) DD oL
Output Low Current lo. | High Current Port (PO Port) Vpp=4.5V,VoL=1.0V - 20 -
Supply Currentin mA
N(::I\XAL 1 mod Vop=35Y B 30 33
moce ViN=5.3/0.2V
Supply Currentin oo fc=8.0 MHz _ 19 40
IDLE 0, 1 mode
Supply Currentin Vpp=5.5V
PPy oD - | o5 | 100] .A
STOP mode ViN=5.3V/0.2V
Note 1: Typical values show those at Topr =25°C, Vpp =5V
Note 2: Input current (Ijn1, 1jN3); The current through pull-up or pull-down resistor is not included.
Note 3: Ipp does not include IRgfF current.
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AD Conversion Characteristics (Vss=0.0V,Vpp=4.5t0 5.5V, Topr= -40to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
Analog Input Voltage Vain Vss - Vpp Vv
Power Supply Current of Vpp=5.5V B
Analog Reference Voltage IreF Vss=0.0V 0.6 1.0 mA
Non linearity Error - - 2
Zero Point Error Vpp=5.0V, - - 2 LSB
Full Scale Error Vss=0.0V - - +2
Total Error - - +4

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

Note 2: Conversion time is different in recommended value by power supply voltage.
About conversion time, please refer to “2.7.2 Register Configuration”.

Note 3: Please use input voltage to AIN input Pin in limit of Vpp - Vss,
When voltage of range outside is input, conversion value becomes unsettied and gives affect to other channel
conversion value.

Note 4: The relevant pin for Igeg is Vpp, so that the current flowing into Vpp is the power supply current Ipp + Ipgr.

Note 5: AD conversion characteristics are guaranteed with limited supply voltage range (4.5 V to 5.5 V).
If supply voltage is less than 4.5 V then AD conversion accuracy can not be guaranteed.

AC Characteristics (Vss=0V,Vpp=3.3to 5.5V, Topr= -40to 85°C)
Parameter Symbol Condition Min Typ. Max Unit
Machine Cycle Time tcy NORMAL 1 mode 0.5 - 8 s
IDLE 0, 1 mode
High Level Clock Pulse Width twcH For external clock operation (XIN input)
Low Level Clock Pulse Width twel fc=8MHz 50 - - "
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Recommended Oscillation Conditions

TMP86P202 (Vss =0V, Vpp=3.3to 5.5V, Topr=—-40to 85°C)

Parameter Resonator Oscillating Recommended Resonator Recommended Constant
Frequency o] C
8 MH MURATA CSA8.00MTZ 30 pF 30 pF
r4 et
High-frequency . CST8.00MTW 30 pF (built-in) [ 30 pF (built-in)
o Ceramic resonator
oscillation MURATA CSA4.19MG 30 pF 30 pF
4.19 MHz L e
CST4.19MGW 30 pF (built-in) [ 30 pF (built-in)

Io1
Iz

(1) Ceramic, Crystal Oscillation

TMP86P203 (Vss =0V, Vpp=4.5t0 5.5V, Topr=—-40to 85°C) (Under development)

parameter Resonator Oscillating Recommended Constant
Frequency CXIN RX
_ 2 MHz 33 pF 10kQ
High-f
' .Irlequency RC resonator
oscillation 400 kHz 100 pF 30kQ
XIN XOouT
RC

Cxin ;Wl_ Rx

(2) RCOscillation

Note 1: When using the device (oscillator) in places exposed to high electric fields such as cathode-ray tubes, we recommend
electrically shielding the package in order to maintain normal operating condition.

Note 2: To ensure stable oscillation, the resonator position, load capacitance, etc. must be appropriate. Because there factors
are greatly affected by board patterns, please be sure to evaluate operation on the board on which the device will
actually be mounted.

Note 3: 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://www.murata.co.jp/search/index.html|
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TMP86P202/203

(1) Read operation in PROM mode

DC Characteristics, AC Characteristics (PROM mode) | (Vss=0V, Topr= — 4010 85°C)

Parameter Symbol Conditions Min Typ. Max Unit

High level input voltage ViHa Veex0.75 - Vee
Low leve input voltage ViLa 0 - Veex0.25

\Y
Power supply Vee 475 50 5 95
Power supply of program Vpp
Address access time tace Vee=5.020.25V - - 1.5tcyc + 300 ns
Address input cycle - - teyc -

Note: tcyc =250 ns at fo g =16 MHz

4
A16to AO )

X

DIDS

P37 to P30 AH >—< AL Data output

tacc

Address input cycle

Note: DIDS and P37 to P30 are the signals for the TMP86P202/203.
All other signals are EPROM programmable.
AL: Addressinput (A0 to A7)
AH: Addressinput (A8to A15)
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(2) Program operation (High-speed) (Topr=25%5°C)

Parameter Symbol Conditions Min Typ. Max Unit
High level input voltage Viua Veex0.75 - Vce
Low leve input voltage ViLa 0 - Veex0.25 v
Power supply Vee 6.0 6.25 6.5
Power supply of program Vpp 12.5 12.75 13.0
Pulse width of initializing program tpw [ Vcc=6.0V 0.095 0.1 0.105 ms
Address set up time tas 0.5tcyc - -
Address input cycle - - teye -
Data set up time tps 1.5tcyc - - ns
OE to valid output data toE - - 1.5tcyc + 300

High-speed program writing

Note: tcyc =250 ns at fc = 16 MHz |

X

A16to A0 X
DIDS

P37 to P30 AH >—< AL ( Input data ) Data outputs

CE

o \

JPW
PGM \ /
Vep
ps
t
s OF
Address input cycle Program Verify
Note: DIDS and P37 to P30 are the signals for the TMP86P202/203.
All other signals are EPROM programmable.

AL: Addressinput (A0 to A7)

AH: Address input (A8 to A15)

Note 1: The power supply of Vpp (12.75 V) must be set power-on at the same time or the later time
for a power supply of Vcc and must be clear power-on at the same time or early time for a
power supply of Vcc.

Note 2: The pulling up/down device on the condition of Vpp=12.75V * 0.25 V causes a damage for
the device. Do not pull up/down at programming.

Note 3: Use the recommended adapter (see 1.2.2 (1)) and mode (see 1.2.2 (3) i).

Using other than the above condition may cause the trouble of the writting.
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TOSHIBA Package
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