TOSHIBA TMP86CH06

CMOS 8-Bit Microcontroller
TMP86CHO6N/TMP86CHO6U

The TMP86CHO06 is the 8-bit single chip microcomputer, which contains ROM, RAM, multi-function
timer/counters, serial interface (UART/SIO) with high speed, high performance and low power consumption.

Product No. ROM RAM Package OTP MCU
TMP86CHO6N , . P-SDIP42-600-1.78 TMP86PHO6N
——————————————— 16K x 8-bit 512X 8-bit [z =--=m—————m—m e m oo m oo
TMP86CHO6U P-LQFP44-1010-0.80A TMP86PHO6U

Features P-SDIP42-600-1.78

& 8-bit single chip microcomputer TLCS-870/C Series

¢ Minimum Instruction execution time: 0.25 us (at 16.0 MHz)
® Power consumption is reducible by means of conversion of
instruction execution time
0.25 us, 0.50 us, 1.0 us, 2.0 us, 4.0 us, 8.0 us, 122 us
(at 16.0 MHz, 32.768 kHz operation)

¢ External Bus Interface
® up to 64 Kbytes (for both Program and Data memory)
® Multiplexed between Lower Address-bus and Data-bus TMP86CHO6N

¢ 21 Interrupt factors (6 for External, 15 for Internal) P-LQFPA44-1010-0.80A

¢ Input/Output Ports: 35 pins
e High-Current Output (Typ. 20 mA, LED direct drive): 8 pins

& 16-bit Timer/Counter: 1 channel
® Timer, Event counter, Pulse Width measurement and
External-triggered timer

TMP86CHO6U

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 comply with the standards of safety in
making a safe design for the entire system, and to avoid situations in which a malfunction or failure of such TOSHIBA
products could cause loss of human life, bodily injury or damage to property.

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

@ 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 TMP86CH06

& 8-bit Timer/Counter: 2 channels
® Available for 16-bit timer by cascade connection
® Timer, Event counter, Pulse Width Modulation, Programmed Pulse Generator and Programmable
Divider Output, Warming-up Counter

& Serial Interface
® 8-bit UART: 2 channels
® 8-bit SIO (synchronized): 1 channel

& Clock Oscillation circuit: 2 units
® For Single or Dual clock mode

& Nine power saving operating modes

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

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

® IDLE 0 mode: CPU stops, and peripherals operate using high-frequency clock of Time-Base-
Timer. Release by falling edge of TBTCR <TBTCK > setting.

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

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

® SLEEPOmode: CPU stops, and peripherals operate using low-frequency clock of Time-Base-
Timer. Release by falling edge of TBTCR <TBTCK > setting.

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

® SLEEP 2mode: CPU stops, and peripherals operate using high and low frequency clock. Release
by interrupts.

¢ Operating Voltage: 4.5t05.5V at16.0 MHz/32.768 kHz, 2.7 to 5.5V at 8 MHz/32.768 kHz,
1.8t05.5V at4.2 MHz/32.768 kHz.
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TOSHIBA TMP86CH06

Pin Assignments (Top View)

P-SDIP42-600-1.78

(ADO) P00 > [1T—11 \/ 42[TT ] p17 (ALE)

(AD1)PO1 <e>[11]2 41T 1> p16 (RD)

(AD2) P02 ~—>[IT3 40[TTJ-«> P15 (WR)

(AD3) P03 -—>[114 39T 1=> p14(TOT)

(AD4) P04 <> [IT|5 38 1T ]<—> p13(DVO)

(AD5) P05 <> [T |6 37[1T_1-«> p12 (ETCO)

(AD6) P06 >[I |7 36[ 1T 1> p11 (INT1, WAIT)
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(AD5) P05 -<—>[T1T | 2 32 [T 1-e> p10(INTO, CLK)
(AD6) P06 -—>[TT | 3 31 [T 1-e> p37(0C0, INT2, A15)
(AD7)P07 -—>[T1T | 4 30 [T —1=e> p36(ICO, A14)
TEST —>[11] 5 29 [AI—J-«> p35(T00,A13)
XIN —>[IT] 6 28 [T J==> p34(A12)
vss —>[11 | 7 27 OId-e> p33(A11)
XOUT <-—11] 8 26 [T 1> p32(A10)
vDD —>[1T ] 9 25 [T J-=> p31(A9)
(STOP,INT5) P20 ~—>[TT_] 10 24 [T 1> p30(A8)
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N M O N 0O

~—>1T |
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NC
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(SCK) P42

(RXD1,

86CH06-3 2002-10-08
wwwe.DataSheetdlU.com



TOSHIBA TMP86CH06

Block Diagram

Program Memory VA:N Address/Data Bus
Mask ROM il il

TLCS-870/C Data Memory
CPU Core (RAM)
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™| Standby Controller <—| Interrupt Control Circuit |

$E§_|F:T System Controller * * * A |
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TOSHIBA TMP86CH06

Pin Names And Functions (1/3)

Pin Name No. of Pins | Input/Output Functions
P00 to PO7 /10 Port 0: 8-bit I/O port that allows selection of input/output on bit basis.
ADO to AD7 8 3-states Address/Data bus: Functions as 8-bit bidirectional address/data bus for
external memory (TTL input).
P10 /10 Port 10: 1/O port that allows selection of
1 input/output on bit basis. (Schmidt Input)
INTO Input External Interrupt Request 0
CLK Output Clock: Clock output
P11 /10 Port 11: 1/O port that allows selection of
1 input/output on bit basis. (Schmidt Input)
INT1 Input External Interrupt Request 1
WAIT Input Wait: Wait request from external Memory
P12 /10 Port 12: 1/0 port that allows selection of
1 input/output on bit basis. (Schmidt Input)
ETCO Input Extended Timer Input 0
P13 I]e] Port 13: 1/0 port that allows selection of input/output on bit basis.
1 (Schmidt Input)
DVO Output Divider Output
P14 /0 Port 14: 1/0 port that allows selection of input/output on bit basis.
1 (Schmidt Input)
TO1 OQutput 8-bit Timer 1 Output
P15 [I]e] Port 15: 1/0 port that allows selection of input/output on bit basis.
1 (Schmidt Input)
WR Output Write: Generates strobe signal to write data on External Memory.
P16 /10 Port 16: 1/0 port that allows selection of input/output on bit basis.
1 (Schmidt Input)
RD OQutput Read: Generates strobe signal to read data from External Memory.
P17 I]e] Port 17: 1/0 port that allows selection of input/output on bit basis.
1 (Schmidt Input)
ALE Output Address Latch Enable: The negative edge of ALE supplies an address latch
timing on ADO to AD7 for External Memory.
P20 110 Port 20: 1/O port that allows selection of
input/output on bit basis. Open-Drain Output.
STOP 1 Input STOP Releasing: The rising edge or High Level (Schmidt Input)
Releases STOP mode.
INT5 Input External Interrupt Request 5
P21 /10 ?crt 21: /O port t.hat aI.Iows selectlc?n of (Schmidt Input)
1 input/output on bit basis. Open-Drain Output.
XTIN Input Low Frequency Clock Input
P22 I]e] Port 22: 1/0 port that allows selection of (Schmidt Input)
1 input/output on bit basis. Open-Drain Output.
XTOUT Output Low Frequency Clock Output
P30 to P34 /10 Port 30 to 34: I/0 port that allows selection of input/output on bit basis.
5 (Schmidt Input)
A8to A12 Output Address Bus 8to 12
86CH06-5 2002-10-08
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TOSHIBA TMP86CH06

Pin Names And Functions (2/3)

Pin Name No. of Pins | Input/Output Functions
P35 110 Port 35: 1/0 port that allows selection of input/output on bit basis.
1 (Schmidt Input)
TOO Output 8-bit Timer Output 0
A13 OQutput Address Bus 13
P36 1’0 Port 36: 1/0 port that allows selection of
1 input/output on bit basis. . (Schmidt Input)
1CO Input Capture Input 0 for Extended Timer
Al4 OQutput Address Bus 14
P37 170 Port 37: I/O port that allows selection of input/output on bit basis.
(Schmidt Input)
0cCo 1 Output Output Compare 0 for Extended Timer
INT2 Input External Interrupt Request 2 (Schmidt Input)
A15 Output Address Bus 15
P40 110 Port 40: 1/0 port that allows selection of

input/output on bit basis. Programmable
Open-Drain Output.
Tio Input 8-bit Timer Input 0

P41 [I]e] Port 41: 1/0 port that allows selection of }

(Schmidt Input)

input/output on bit basis. Programmable
Open-Drain Output.
™ Input 8-bit Timer Input 1

(Schmidt Input)

P42 110 Port 42: 1/0 port that allows selection of
input/output on bit basis. Programmable
Open-Drain Output.

SCK 110 Clock input/output for SIO

(Schmidt Input)

P43 110 Port 43: 1/0 port that allows selection of
input/output on bit basis. Programmable

. (Schmidt Input)
Open-Drain Output.

SI, RXDO Input Data Input for UART/SIO channel 0
P44 [I]e] Port 44: 1/0 port that allows selection of input/output on bit basis.
1 (Schmidt Input)
SO, TXDO Output Data Output for UART/SIO channel 0. Programmable Open-Drain Output.
P45 110 Port 45: 1/0 port that allows selection of
1 input/output on bit basis. Programmable

Open-Drain Output.

P46 /10 Port 46: 1/0 port that allows selection of
input/output on bit basis. Programmable

1 Open-Drain Output. (Schmidt Input)
RXD1 Input Data Input for UART channel 1
INT3 Input External Interrupt Request 3
P47 110 Port 47: 1/0 port that allows selection of input/output on bit basis.

1 (Schmidt Input)
TXD1 Output Data Output for UART channel 1. Programmable Open-Drain Output.
INT4 Input External Interrupt Request 4 (Schmidt Input)
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TOSHIBA

TMP86CHO06

Pin Names And Functions (3/3)

Pin Name No. of Pins | Input/Output Functions
EA 1 Input External Access: Fix to HIGH level to utilize internal ROM.
Fix to LOW level to utilize external memory.
TEST 1 Input to be fixed to LOW level
RESET 1 110 RESET signal input or watchdog timer output/address trap output/system-
clock-reset-output
XIN/XOUT 2 110 High-frequency resonator is to be connected.
VSS 1 Input Ground
VDD 1 Input Power Supply
86CHO06-7 2002-10-08
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TOSHIBA TMP86CH06

Operational Description
1. CPU Core Functions
The CPU core consists of a CPU, a system clock controller, and an interrupt controller.

This section provides a description of the CPU core, the program memory, the data memory, the
external memory interface, and the reset circuit.

1.1  Memory Address Maps

The TMP86CHO06 memory consists of 3 blocks: ROM, RAM and SFR (Special Function Register). They
are all mapped in 64K-byte address space. Figure 1-1 shows the TMP86CH06 memory address maps.
The general-purpose register banks are not assigned to the RAM address space.

0000y

5 SFR 64 bytes Direct area
003F
0040 —Y  ooFFy
: RAM 512 bytes

023F
0240

External
memory

BFFF
000

ROM 16 Kbytes

FFBF
FFCO

: 32 bytes: Vector table for vector call instruction (16 vectors)
FFDF
FFEO

32 bytes: Vector table for interrupts (16 vectors)

FFFF

Figure 1-1. Memory Address Maps

1.2 Program Memory (ROM)

The TMP86CHO6 can address up to 64 Kbytes of external program memory space except the SFR area
and the internal RAM. However, placing program memory on the internal RAM is deregulated if a
certain procedure is executed (See 2.4.5 Address trap). The TMP86CHO06 contains a 16-Kbyte program
memory (mask ROM) at addresses from C000y to FFFFy.

1.3 Data Memory (RAM)

The TMP86CHO6 is available up to 64 Kbytes of data memory area. Data memory consists of internal
data memory (internal ROM or RAM) and external data memory (ROM or RAM). The TMP86CHO06 has
512 bytes of internal RAM. The first 192 bytes (0040 to 00FFy;) of the internal RAM are located in the
direct area; instructions with shorten operations are available against such an area.
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TOSHIBA TMP86CH06

1.4

External Memory Interfaces

The TMP86CHO6 can be connected with the external memory through address bus, a data bus, and the
control bus. It is available up to 64 Kbytes of data memory area except the area where the internal
RAM and SFR are located. Data bus and the lower bits of address bus are multiplexed.

® The operation mode is selected from the following three by setting EA terminal and control register
EXPCR.

1) Single chipmode: (EA=1, EXPCR<RDOE, WROE > =%0,0”)
The TMP86CHO6 operates within internal memory (ROM, RAM and SFR).
Each terminal for connecting external memory is available for input/output
port.

2) Expansionmode: (EA=1, EXPCR<either or both RDOE, WROE > =“1")
After releasing reset, the TMP86CHO6 is starts to operate within internal
memory (ROM, RAM and SFR).
If either or both RDOE and WROE are enabled, terminals for external
memory start to function as ALE and AD7 to 0.

3) ROM-lessmode: (EA=0)
After releasing reset, the TMP86CHO06 operates with external memory
instead of internal ROM. The internal RAM and SFR are still be used.

® Wait Control

The operation mode is selected from the following three: Non wait, 1-cycle wait or (1 +n)-cycle wait
mode.

® Internal ROM security function

The TMP86CHO6 can keep CPU from reading the data on internal ROM, while its read instruction is
located in external memory.

Note: The transfer destination data of the vector table (located from FFCOH to FFFFH) is not
protected.

86CH06-9 2002-10-08
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TOSHIBA TMP86CH06

1.4.1 Controlling

The external memory interfaces are controlled by expansion control register (EXPCR) and wait control
register (WAITCR).

EXPCR directly manages RD, WR and address bus output. And, assigning terminals to RD or WR
subsequently provides AD7 to 0 and ALE. In order to utilize external memory, port directions whether
to be input or output is determined regardless of each bit on control register. After reset, EXPCR is a
register which can be written only once. Therefore, the second and the following write operation cannot
modify the data on EXPCR.

External Access Control Register

EXPCR 7 6 5 4 3 2 1 0 o
(Initial value: 111x 11%%) EA«"0"
(0031y) ABUSEN. | - [rooe |[wroe| - | - | (nitialvalue 000s 00+) EA< 1"
ABUSEN Upper bits on address bus output enable [ 000: input/output port WR
[A15to A8] 001: A9 to A8 output 1time

010: A10 to A8 output

011: A11to ABoutput | other terminals onP3
100: A12 to A8 output » port keep their

101: A13to A8 output | INPut/outputmode.
110: A14 to A8 output

111: A15 to A8 output

RDOE RD strobe output enable 0: RD strobe output Disable Write
1: RD strobe output Enable only
WROE WR strobe output enable 0: WR strobe output Disable Write
1: WR strobe output Enable only

Note 1: Once either RDOE or WROE or both are enabled to “1”, the following terminals are utilized for external
memory interface; therefore they cannot be used for general-purpose input/output ports.
® AD7 to 0 (P07 to PO0)
® ALE(P17)
® RD (P16: if RDOE = “1”) or WR (P15:if WROE = "1”)
® CLK(P10)
Note 2: EXPCR is a write only register and must not be used with any of the read-modify-write instructions.
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TOSHIBA TMP86CH06

WAITCR manages security for internal ROM, number of waiting cycles and waiting clock output.
When control waiting cycles, WAITCR selects waiting mode from three: no-wait, 1-state wait or (1 +n)-
state wait.

WAITCR selects output mode from the following: High output by controlling waiting clock output when
an external bus is used, CLK output during waiting cycles, CLK output at all times. When the internal
ROM is disabled while programs on the external memory and the internal RAM are operating, data in
CO000H to FFBFH on the ROM cannot be read under software control. WAITCR is a register which can
be written only once. Therefore, the second and the following write operation cannot modify this bit.

WAIT Control Register

7 6 5 4 3 2 1 0 .
WAITCR — (Initial value: 01+0 11%1)  EA « 0"
(0032,) war | - [ 0" | akv | - [ROMEM| (ritialvalue: 000 00+1) EA< 1"
WAIT Control waiting cycles 00: Wait Disable Write
01: (Fixed) 1-cycle wait Enable only
10: (1 + n)-cycle wait Enable (WAIT pin)
11: Wait Disable
CLKV CLK output mode 0% : “H"output (CLK output disable) R/W
10: CLK output enable during waiting cycles
11: always CLK output Enable
RDMEM security for internal ROM reading out 0: Read out Disable WR
1: Read out Enable 1time

Note 1: The timing chart during CLK output enable is described below.

Note 2: P11 terminal is assigned for WAIT input when WAIT is “10”; in the condition, it cannot be used for
general-purpose input/output port.

Note 3: WAITCR include a write only register and must not be used with any of the read-modify-write
instructions.

Note 4: Make sure to set “0” on bit 4.

Note 5: When external memory is used, the P10 pin cannot be used as an external interrupt input (INTO) or an
1/0 port as CLK is output from this pin.
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TMP86CHO06

1.4.2 External Bus Controller

(1

(2)

The TMP86CHO6 is interfaced to an external memory via following buses.
Address/Databus: A15to 8, AD7 to 0

There are 16-bit output address bus and 8-bit bidirectional databus. The lower 8 bits for address bus
and 8 bits for databus are multiplexed. All of the terminals, AD15 to 8 and AD7 to 0, are used also for
port. These ports functions as address/databus by setting register EXPCR. Upper bits of address bus

can be output either partially or totally.
Control signals: RD, WR, ALE

RD pulse indicates for reading, WR pulse indicates for writing, and ALE pulse indicates for address
latch enable. These terminals are used also for timing for port, and these ports operate as such control
signals. RD becomes “L” level on external memory read cycle, and WR becomes “L” level on external
memory write cycle. Both RD and WR keep “H” level on both dummy cycle and internal memory

read/write cycle.

a) Timing chart on external memory interface

AD7t00 i)—(ATEtoOX; Dataaéout §—(A7§toox§ Data?-in )—
- N,
- ; ; ;

b) Example for connecting external ROM/RAM

TMP86xH06
AD7 100 Address
AD7t00 Latch Address decoder
circuit
ALE Chip Select
Signal
A15to 8 External ROM
RD
WR
¥
External RAM
86CH06-12 2002-10-08
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TOSHIBA TMP86CH06

1.4.3 Wait Controller
The number of wait cycles is selected from three: no wait, fixed 1-cycle wait and (1 +n)-cycle wait.
(1)  Fixed 1-cycle wait

1-state wait operation is executed regardless of WAIT terminal condition. The following diagram
indicates the wait cycle, under WAIT =“01” and /CLK outputs during waiting cycles.

A15t0 A8 I( External memory area X' External mjemory area X' Jnternel ' - Internal X

1 T 1 T T
w7100 AN B IHEX T YR —!
ALE i/_\ ! I E/_\ I
RD C\

®

=

f

1
WR : \
1
1
WAIT H | /'
! i \ .
CLK 1 1 1
| — i
[ | — I 1
' Wait ! ' Wait ! ! '

(2) (1 +n)-cycle wait

Continuous wait operation is executed as far as “L” input is detected from WAIT terminal, after 1-cycle
wait operation is executed. The following diagram indicates the wait cycle, under WAIT=%10" and
CLK outputs during waiting cycles.

E

>
_'

2
-
~
o =
—
T
—

|

A15t0 A8 ( Extérnal memory prea X External njemory area X:
1 T T 1 T 1
1 1
AD7 to ADO i Data-in | ata-out \
X i X2 -
ALE /' \ ' ' '/ \ '
i | ,
RD i : / :
T T I
I
: : | W
1 1 T
1
!/ 1
1
I

\_J/

I

1-cycle wait
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TMP86CHO06

1.5 System Clock Controller

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

by controller.

Clock gear control register

Timing generator control register

[ cer | [ TR |
......... Clock ... 00304 00364
generator :
fc fegek
High-frequency Clock gear Timing Stand-by controller
clock oscillator generator
i
q Low-f : System clocks
ow-Trequency 0038H 0039H
J clock oscillator | SYSCR1 I I SYSCR2 I

Clock generator control

System control registers

Figure 1-2. System Clock Control

1.5.1 Clock Generator

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

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

connected.

XOouT

D;T
e Ve

(a) Crystal/Ceramic
resonator

XIN XOouT

(open)

(b) External oscillator

Low-frequency clock

XTOUT XTIN XTOUT

(open)

]
Ve Ve

(c) Crystal (d) External oscillator

Figure 1-3. Examples of Resonator Connection

program.

for the adjustment in advance.

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

The system to require the adjustment of the oscillation frequency should create the program
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1.5.2 Clock gear

The clock gear is a circuit to select a gear clock fegek, that is the basis of the main system clock supplied
to the timing generator, from high-frequency clock fe, or the divided clock fe/2, fe/4 or fe/8 and fe/16.
Power consumption can be reduced by switching of the high-frequency from fe to fc/2, fc/4, fc/8 and fc/16

with the clock gear using.

The clock gear consists of a 4-stage prescaler with a multiplexer.

Note: The TMP86CHO6 starts the reset release or initialization status from fc

MPX

prescaler

High frequency 112|3(4

clock
fc/16
fc/8
fc/4
fc/2
fc

> W N g m

a 0030y

Clock gear control register

fegck

Y———>»

Timing generator

MPX : Multiplexer

Figure 1-4. Configuration of Clock Gear

Clock Gear Control Register

CGCR 7 6 5
(0030,) | (DVCK) [ ovicn) |

2 1

FCGCK

| (nitial value: 000+ +000)

FCGCK | Gear clock selection

000: fc

001: f¢/2

010: fc/a

011: fc/8

100: f¢/16
101: Reserved
11%: Reserved

[HzZ]

Note 1: fc : High-frequency clock, * : Don’t care
Note 2: Bit4 and in CGCR are always read as undefined value.

Figure 1-5. Clock Gear Control Register
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fate | | | | | I

FCGCK © 000 X : 100;
Instruction E E E E E — \ \ \
execution X LD (CGCRY), 0000 01008 . X X X E X
fegek = fe Gear clock changing fegck =fc/16

Figure 1-6. Example of Clock Exchangeable Timing by Clock Gear
1.5.3 Timing Generator

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

(D Generation of main system clock (fm)

@ Generation of divider output (DVO) pulses

® Generation of source clocks for time base timer

@ Generation of source clocks for watchdog timer

(® Generation of internal source clocks for timer/counters
® Generation of warm-up clocks for releasing STOP mode

(1) Configuration of timing generator

The timing generator consists of a 3-stage prescaler, a 21-stage divider, a main system clock generator,
and machine cycle counters.

The clock fe/4 or fe/8, that is output from the 2nd stage or the 3rd stage of the prescaler, can be selected
as the clock to input to the 1st stage of the divider by DV1CK (bit 5 in CGCR). Inputting fc/8 to the 1st
stage of the divider operates the peripheral circuit without the setting change when the operation clock
is multiplied by 2. (Example: 8 MHz to 16 MHz)

Even if the main system clock is changed by the clock gear, the output from the divider is not changed.
However, the peripheral circuits utilizing high-speed divider output (first to fourth stage) cannot be
used if the main system clock slows down on the clock gear. In such a case, setting DVCK (bit 7, 6 in
CGCR) enables reducing speed, while high-speed operating parts remain their paces. DVCK should be
set in accordance with the divider output providing for peripheral circuits and the system should be
kept the minimum operating frequency. DVCK should be set before the peripheral circuits start
operating. Do not change the set value after DVCK is set.

An input clock to the 7th stage of the divider depends on the operating mode, DV1CK (bit 5 in CGCR),
and DV7CK (bit 4 in TBTCR), that is shown in Table 1-2. As reset and STOP mode started/canceled,
the prescaler and the divider are cleared to “0”.
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Table 1-1. Divider Output Capability

Dinder Qutput Capability
DVCK Gear Clock frequency DVICK=0 DVICK=1
DV1G | DV2G | DV3G | DV4 DV5 |DVI1G [ DV2G | DV3G | DV4 DV5
fegek = fc fc/2® | 2t | fe/25 | 125 | fc/27 | fe/2® | f/2° | /28 | /27 | fc/28
X ©) ) O O O @) O O O
00 fegek = fe/2 X x @) O O X O @) @) O
fegek = fo/a X X X O O x X @) @) O
fegck = /8 X x x x O x X X O O
fcgck = fc/16 x x x X X X X X X @)
fegek = fc fe2t | fe2t | far25 | /2 | fe/2” | fa/2° | fa25 | fa2® | fa27 | fe/2®
@) @) O O O O @) @) @) @)
o1 fegek = fe/2 X x O O O O ©) ©) O O
fegek = fo/a x X X O O x X @) @) O
fegck = /8 X X X x O X X X O O
fcgck = fc/16 x x x x X X X X X )
fegek = fe fc/2° | /25 | fa/25 | fc/28 | fe/27 | fe/28 | fa/28 | fe2® | fa2” | fo/28
@) ©) O O O O O @) @) @)
10 fegek = fe/2 O O O O O O ©) ©) O O
fegek = fe/d x x x O O O O O O O
fegek = fo/8 x X x x O X X X @) O
fcgck = /16 X X X X X X X X X O
fegek = fc fc/28 | /2% | fe/28 | f¢/2° | /27 | /27 | fa/27 | 27 | /27 | fc/28
O O O O O O @) @) @) O
" fegek = fe/2 @) ) @) O O O O O O O
fegek = fo/a O O ) O O O ©) @) @) O
fegek = fc/8 x x x x @) O 10 1010
fegek = fc/16 X X X X X X P X X @)
Note: When selecting DV1G, DV2G, DV3G, DV4 or DV5 for the operating clock of timer, SIO,
etc, check Table 1-1 to see that the divider output is possible (marked with Q).
If the divider output is not possible (marked with x), do not select them for the
operating clock.

Table 1-2. Input Clock to 7th Stage of The Divider

Single-clock mode Dual-clock mode
NORMALT1, IDLE1 mode NORMAL2, IDLE2 mode (SYSCK = 0) SLOW, SLEEP
DVICK=0 DVICK=1 pv7ck=0 DV7CK =1 mOde(SYSCK =1)
DV1CK=0 DVICK=1
fe/28 fe/2° fe/28 fe/2° fs fs

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

Note 2: In SLOW and SLEEP mode, the input clock to the 1st stage of the divider s
stopped, output from the 1st to 6th stages is also stopped.

Note 3: Do notset DV7CK to “1” when single clock mode is selected.
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. fm .
Gear clock fegk Main system clock generator Machine cycle counters
SYSCK )
DV7CK
DVICK [>o l
Prescaler S Divider S Divider
) A A
High-frequency ol1]2 Y 112]3]als|s Y {789 |10{11]12|13|14|15]16[17|18|19]20|21
clock fc B B
l_l—l\ll)ultiplexer;:::::‘ ’T/'U|ﬂ-'\°°:8:§::£f: 218|< )
Low-frequency [ )f=] =] N=] =] K] plexer 2 ol 212121212121 2121 21212 $ | Multiplexer
clock fs {50
B1
A0 YOP™)
A B CD A1 Y1 Standby
DVCK , s controller
7
Multiplexer Y1 Y2 v3
| Watchdog
- bv26 timer
DVIG
DV3G
Timer/counters T_ime base
timer
Divider output
circuit
Figure 1-7. Configuration of Timing Generator
Table 1-3. Division Ratio of Divider
DV7CK=0 DV7CK =1 DV7CK =0 DV7CK =1
DVICK=0 DVI1CK =1 DV1CK=0 DV1CK =1 DV1CK=0 DV1CK =1 DV1CK=0 DVI1CK =1
DV1 fc/22 fc/2° fc/22 fc/2* DV12 fc/2™ fc/2"® fs/28
DV2 fc/24 fc/2° fc/24 fc/28 DV13 fc/2' fc/2'6 fs/27
DV3 fc/2° fc/2° fc/2° fc/2° DV14 fc/2'® fc/2" fs/28
Dv4 fc/2° fc/2’ fc/2° fc/2’ DV15 fc/2V fc/2'® fs/2°
DV5 fc/2? fc/28 fc/27 fc/28 DV16 fc/2'® fc/2" fs/210
DV6 fc/28 fc/2° fc/28 fc/2° DV17 fc/2"° fc/2% fs/2"
DV7 fc/2° fc/2™° fs/2 DV18 fc/2%° fc/2¥ fs/2'?
DV8 fc/20 fe/2" fs/22 DV19 fc/2% fc/222 fs/213
DV9 fc/2" fc/2™ fs/23 DV20 fc/2% fc/2% fs/2'4
DV10 /21 fc/213 fs/2* DV21 fc/2% fc/2% fs/2"
DV11 fc/2 fc/2' fs/2°
86CH06-18 2002-10-08
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6 2 1 0
(gggg:) [ ovex | ovick | | (FCGCK) | (initial value: 000+ *000)
i ivi V2 DV
DVCK Selection for the divider DVIG  DV2G 3G
output: DV1G to DV3G 00: DV1 DVv2 DV3
01: DvV2 DV2 DV3
10: DvV3 DV3 DV3 R/W
11: DvV4 Dv4 Dv4
DV1CK Selection of input clock to the 0: fua
1st stage of the divider 1: fu8
Note 1: fc : High-frequency clock [Hz] * : Don’t care
Note 2: The bit 4 and 3 on CGCR are always read as undefined value.
Figure 1-8. Clock Gear Control Register
6 5 4 3 2 1 0
(B(B)-ggR) I (DVOEN) I (DVOCK) | DV7CK | (TBTEN) | (TBTCK) ) | (initial value: 0000 0000)
H
Selection of input to the 7th 0: fc/28 or f¢/2° [Hz]
DV7CK stage of the divider 1: fs RIW
Note 1:In Single Clock mode, do not set DV7CK to “1”.
Note 2: Do not set “1” on DV7CK while the low-frequency clock is not operated stably.
Note 3: fc : High-frequency clock [Hz], fs : Low-frequency clock [Hz], * : Don’t care
Note 4: During warming-up after STOP mode is released or in IDLEO mode, output of the 6th stage of the divider
is input to the 7th stage of the divider regardless of DV7CK.

Figure 1-9. Timing Generator Control Register

(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.

1/fcgck or 1/fs [s]
[ |

1
Main system clock
(fm) —l I

S1 2 $3 so | st | s2 | s3

1
1
State | S0
1
1

1
e Machine cycle——————>

Figure 1-10. Machine Cycle

Table 1-4. Example of Machine Cycle

Frequency Machine cycle
fegek =fe fegck =f/2 | fegck=fo/d | fegck=fa/8 | fegek =fe/16
High-frequency | fc=16.0 MHz 0.25 us 0.5 us 1.0 us 2.0 us 4.0 us
clock fc=12.5MHz 0.32 us 0.64 us 1.28 us 2.56 us -
fc=4.2 MHz 0.95 us 1.9 us 3.8 us - -
fc=1MHz 4 us - - - -
Low-frequency
fs=32.8 kHz 122 s
clock

Note: “-"is movement outside guaranteed range.
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1.5.4 Standby Controller

The standby controller starts and stops the oscillation circuits for the high-frequency and low-frequency
clocks, and switches the main system clock. There are two operating modes: single-clock and dual-
clock. These modes are controlled by the system control registers (SYSCR1 and SYSCR2).

Figure 1-11 shows the operating mode transition diagram and Figure 1-12 shows the system control
registers.

(1) Single-clock mode

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

(O NORMAL1 mode
In this mode, both the CPU core and on-chip peripherals operate using the high-frequency clock.
The TMP86CHO6 is placed in this mode after reset.

(@ IDLE1 mode

In this mode, the internal oscillation circuit remains active. The CPU and the watchdog timer are
halted ; 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). As
IDLEO mode is enabled, the timing generator halts (the system clock halts) and the CPU and other
peripherals are stopped.
As IDLEO mode is enabled, the count on the Time-Base-Timer is cleared and the Time-Base-Timer
restart counting. When the count reaches the rate on TBTCR, SLEEPO releasing signal, which
restarts the timing generator, is generated and the hardware restores NORMAL1 mode.

86CH06-20 2002-10-08
wwwe.DataSheetdlU.com



TOSHIBA TMP86CH06

(2) Dual-clock mode

Both the high-frequency and low-frequency oscillation circuits are used in this mode. P21 (XTIN) and
P22 (XTOUT) pins cannot be used as input/output ports. The main system clock is obtained from the
high-frequency clock in NORMALZ2 and IDLE2 modes, and is obtained from the low-frequency clock in
SLOW and SLEEP modes. The machine cycle time is 4/fegck [s] in the NORMALZ2 and IDLE2 modes,
and 4/fs [s] (122 us at fs=32.768 kHz) in the SLOW and SLEEP modes.

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

Note: With the TLCS-870/C Series, no option is provided to select the clock mode after release of
reset. When reset is released, it becomes the single mode.

(O NORMALZ2 mode
In this mode, the CPU core operates with the high-frequency clock. On-chip peripherals operate
using the high-frequency clock and/or low-frequency clock.

(@ SLOW2 mode
In this mode, the CPU core operates with the low-frequency clock, while both the high-frequency
clock and the low-frequency clock are operated. On-chip peripherals are triggered by the low-
frequency clock. As the SYSCK on SYSCR2 becomes “0”, the hardware changes into NORMAL2
mode. Asthe XEN on SYSCR2 becomes “0”, the hardware changes into SLOW1 mode. Do not clear
XTEN to “0” during SLOW2 mode.

3 SLOW1 mode
This mode can be used to reduce power-consumption by turning off oscillation of the high-frequency
clock. The CPU core and on-chip peripherals operate using the low-frequency clock.
Switching back and forth between SLOW1 and SLOW2 modes are performed by XEN bit on the
system control register 2 (SYSCR2). In SLOW1 and SLEEP1 mode, the input clock to the 1st stage
of the divider is stopped; output from the 1st to 6th stages is also stopped.

@ IDLE2 mode
In this mode, the internal oscillation circuit remain active. The CPU and the watchdog timer are
halted ; however, on-chip peripherals remain active (operate using the high-frequency clock and/or
the low-frequency clock). Starting and releasing of IDLE2 mode are the same as for IDLE1 mode,
except that operation returns to NORMAL2 mode.

& SLEEP1 mode
In this mode, the internal oscillation circuit of the low-frequency clock remains active. The CPU, the
watchdog timer, and the internal oscillation circuit of the high-frequency clock are halted ; however,
on-chip peripherals remain active (operate using the low-frequency clock). Starting and releasing of
SLEEP1 mode are the same as for IDLE1 mode, except that operation returns to SLOW1 mode. In
SLOW1 and SLEEP1 mode, the input clock to the 1st stage of the divider is stopped; output from the
1st to 6th stages is also stopped.

® SLEEP2mode
The SLEEP2 mode is the idle mode corresponding to the SLOW2 mode. The status under the
SLEEP2 mode is same as that under the SLEEP1 mode, except for the oscillation circuit of the high-
frequency clock.
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(@ SLEEPO mode
In this mode, All the circuit, except oscillator and the Time-Base-Timer, stops operation.
This mode is enabled by setting “1” on bit TGHALT on the system control register2 (SYSCR2)
during SLOW1. As SLEEPO mode is enabled, the timing generator halts (the system clock halts)
and the CPU and other peripherals are stopped.
As SLEEPO mode is enabled, the count on the Time-Base-Timer is cleared and the Time-Base-Timer
restart counting. When the count reaches the rate on TBTCR, SLEEPO releasing signal, which
restarts the timing generator, is generated and the hardware restores SLOW1 mode.

(3) STOP mode

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

STOP mode is started by the system control register 1 (SYSCR1), and STOP mode is released by a
inputting (either level-sensitive or edge-sensitive can be programmably selected) to the STOP pin.
After the warming-up period is completed, the execution resumes with the instruction which follows the
STOP mode start instruction.
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IDLEO RESET
mode
Reset release
Instruction TB
Instruction Instruction
IDLE1 [‘: NORMAL!1
mode mode
Interrupt STOP pin input
(a) Single clock mode Instruction Instruction
Instruction Instruction
IDLE2 [_)E NORMAL2
mode mode
Interrupt STOP pin input
Instruction Instruction STOP
Instruction
SLEEP2 SLOW2
mode mode
Interrupt
Instruction Instruction
Instruction Instruction
SLEEP1 SLOW1
mode mode
Interrupt STOP pin input
(b) Dual clock mode TBT Instruction
SLEEPO
mode
Note: NORMAL1 and NORMAL2 modes are generically called NORMAL ; SLOW1
and SLOW?2 are called SLOW ;
IDLEO, IDLE1, IDLE2, SLEEPQ, SLEEP1 and SLEEP2 are called IDLE.
. Oscillator Other Machine
Operating Mode - CPU core TBT . .
High-freq. | Low-freq. peripherals cycle time
RESET Reset Reset Reset
. NORMAL1 Oscilla- [¢] t
Single s,a @ perate Operate 4/fcgcek [s]
IDLE1 tion Stop Operate
Clock
IDLEO Halt
Halt
STOP Stop Halt —
NORMAL2 Operate with
High Freq. 4/fcgek [s]
IDLE2 Oscilla- halt
SLOW?2 tion Operate with
Dual Oscilla- Low Freq. Operate Operate
Clock | SLEEP2 tion Halt
SLOW1 Operate with 4/fs [s]
L Freq.
Stop ow Freq
SLEEP1
SLEEPO Halt Halt
STOP Stop Halt a —
Note: Afterreset is released, it becomes the single clock mode.
Figure 1-11. Operating Mode Transition Diagram
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System Control Register 1
6 5 4 3

?()Y()%g:; | STOP | RELM | RETM I OUTENI wyt (Initial value: 0000 00 )
0: CPU core and peripherals remain active
STOP STOP mode start 1: CPU core and peripherals are halted
(start STOP mode)
RELM Release method 0: Edge-sensitive release (STOP pin)
for STOP mode 1: Level-sensitive release (STOP pin)
Operating mode 0: Returnto NORMAL mode
RETM after STOP mode 1: return to SLOW mode RW
OUTEN Port output during 0: High Impedance
STOP mode 1: Outputkept
Return to NORMAL mode Return to
Warming-up time at DVICK=0 DVICK=1 SLOW mode
WUT releasing STOP mode 00 3x2"/fc 3x2"/fc 3x2"%/fs
01 2%/fc 2"/fc 2%/fs
10 3x2"%fc 3x2"%/f¢ 3 x 25fs
11 2"/ 2"%/fc 28/fs

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

Note 2: When STOP mode is released with RESET pin input, a return is made to NORMALT1 regardless of
the RETM contents.

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

Note 4: Bits 1 and 0in SYSCR1 are read as undefined data when a read instruction is executed.

Note 5: As the hardware becomes STOP mode under OUTEN = “0”, input value is fixed to “0”; therefore it may
cause interrupt request on account of falling edge.

Note 6: As the hardware becomes STOP mode under OUTEN = “0” from external bus mode, P17, P16, P15 keep
their output and they do not become high impedance.

Note 7: The P20 pin is shared with the STOP pin, so that when it enters STOP mode, its output goes to a high-
impedance state regardless of how OUTEN is set.

System Control Register 2

SYSCR2

(0039 Lxen [xren [svsad] woue || frowau] G i (Initialvalue: 1000 +0ex)
XEN High-frequency oscillator 0: Turn off oscillation
control 1: Turn on oscillation
XTEN Low-frequency oscillator 0: Turn off oscillation
control 1: Turn on oscillation

Main system clock select
SYSCK  [(write)/main system clock

0: High-frequency clock (NORMAL1/NORMAL2/IDLE1/IDLE2)
. 1
monitor (read)

: Low-frequency clock (SLOW/SLEEP) RIW

0: CPU and watchdog timer remain active
IDLE IDLE mode start
mode sta 1: CPU and watchdog timer are stopped (start IDLE mode)
TGHALT TG stops (1): TG keeps its operation

(SLEEPQ, IDLEO mode) : TG stops (SLEEPO, IDLEO mode)

Note 1: A resetis applied (RESET pin output goes low) if both XEN and XTEN are cleared to “0”, XEN is cleared to
“0” when SYSCK = "0”, or XTEN is cleared to "0” when SYSCK = "0".

Note 2: #; Don’tcare, TG; Timing generator

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

Note 4: Do not set IDLE and TGHALT to “1”simultaneously.

Note 5: Because returning from IDLEO/SLEEPO to NORMAL1/SLOWT1 is executed by the asynchronous internal
clock, the period of IDLEO/SLEEPO mode might be shorter than the period setting by TBTCR< TBTCK >.

Note 6: When IDLE1/2 or SLEEP1/2 mode is released, IDLE is automatically cleared to “0”.

Note 7: When IDLEO or SLEEPO mode is released, TGHALT is automatically cleared to “0”.

Figure 1-12. System Control Registers
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1.5.5 Operating Mode Control

(1

STOP mode

STOP mode is controlled by the system control register 1 (SYSCR1) and 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 is maintained.

(D Oscillations are turned off, and all internal operations are halted.

(2 The data memory, registers, the program status word and port output latches are all held in the
status in effect before STOP mode was entered.

(® 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: 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.

a. 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 (P2R). 0 ;  Wait until the STOP pin input goes low level
JRS F,SSTOPH
DI
SET (SYSCR1).7 ; Starts STOP mode
Example 2: Starting STOP mode from NORMAL mode with an INT5 interrupt.
PINT5: TEST (P2R).0 ;  To reject noise, STOP mode does not start if
JRS F,SINT5 port P20 is at high
LD(SYSCR1), 01010000B ;  Sets up the level-sensitive release mode.
DI
SET (SYSCR1).7 ;  Starts STOP mode
SINT5: RETI
86CH06-25 2002-10-08

wwwe.DataSheetdlU.com



TOSHIBA TMP86CH06

[}
S— Vin
STOP pin y;

1
T 27 1
1 1

|

xouTein ' LA earRrarAa
1

NORMAL | STOP i ! NORMAL

operation operation E Warm-up ' operation
Confirm by program that the

bl : STOP mode is released by the hardware.
STOP pininputis low and start Always released if the STOP
STOP mode. .. L

pininputis high.

N
g

Figure 1-13. 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. This is used in
applications where a relatively short program is executed repeatedly at periodic intervals. This
periodic signal (for example, a clock from a low-power consumption oscillator) is input to the STOP
pin. In the edge-sensitive release mode, STOP mode is started even when the STOP pin input is high
level.

Example: Starting STOP mode from NORMAL mode

DI
LD(SYSCR1), 10010000B ; Starts after specified to the edge-sensitive release
mode
. | £
7 i \ Vin \
STOP pin ! I !
H Iqa : /L
XOUT pin ! m
]
NORMAL A STOP i ! ! STOP
operation operation >« Warm-up —l< b operation —
NORMAL
STOP mode started operation
by the program.
STOP mode is released by the hardware at the rising
edge of STOP pin input.

Figure 1-14. Edge-sensitive release mode
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STOP mode is released by the following sequence.

D In the dual-clock mode, when returning to NORMAL2 or SLOWZ2, both the high-frequency and low-
frequency clock oscillators are turned on ; when returning to SLOW1 mode, only the low-frequency
clock oscillator is turned on. In the signal-clock mode, only the high-frequency clock oscillator is
turned on.

(@ A warm-up period is inserted to allow oscillation time to stabilize. During warm-up, all internal
operations remain halted. Four different warm-up times can be selected with the WUT (bits 2 and 3

in SYSCR1) in accordance with the resonator characteristics.

3 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 1-5. Warm-up Time Example (at fc = 16.0 MHz, fs=32.768 kHz)

Warm-up Time [ms]
WUT Return to NORMAL mode Return to SLOW mode
DV1CK =0 DV1CK =1
00 12.288 24.576 750
01 4.096 8.192 250
10 3.072 6.144 5.9
11 1.024 2.048 2.0

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.

obs

erved.

Note: When STOP mode is released with a low hold voltage, the following cautions must be

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

IDLE mode (IDLE1, IDLE2, SLEEP1, SLEEP2)

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

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

Example:

Starting IDLE mode.

SET (SYSCR2).4 ; IDLE «1

(

Y

Starting IDLE mode
by instruction

¥

CPU, WDT are halted

Reset input
No

Normal
release

Interrupt request
Yes

mode)

Interrupt processing

——

Execution of the
instruction which follows
the IDLE mode start
instruction

<

Reset

Yes (Interrupt release mode)

Figure 1-16. IDLE Mode
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IDLE mode includes a normal release mode and an interrupt release mode. Selection is made with the
interrupt master enable flag (IMF). Releasing IDLE mode returns from IDLE1 to NORMALI], from
IDLE2 to NORMALZ2, from SLEEP1 to SLOW1 mode, and from SLEEP2 to SLOW2 mode.

(I) Normal release mode IMF=%0")
IDLE mode is released by any interrupt source enabled by the individual interrupt enable flag (EF).
Execution resumes with the instruction following the IDLE mode start instruction . The interrupt
latches (IL) of the interrupt source used for releasing must be cleared to “0” by load instructions.
However, only TBT interrupt can release IDLEO/SLEEPO mode.

(II') Interrupt release mode IMF =“1")
IDLE mode is released and interrupt processing is started by any interrupt source enabled with the
individual interrupt enable flag (EF). After the interrupt is processed, the execution resumes from
the instruction following the instruction which starts IDLE mode. However, only TBT interrupt can
release IDLEO/SLEEPO mode.

IDLE mode can also be released by inputting low level on the RESET pin, which immediately performs
the reset operation. After reset, the TMP86CHO6 is placed in NORMAL 1 mode.

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

IDLEO/SLEEPO mode is controlled by the system control register 2 (SYSCR2) and TBT. The following
status is maintained during IDLEO mode/SLEEPO mode.

(D All the circuit, except oscillator and the TBT, stops operation.

(2 The data memory, CPU registers, program status word and port output latches are all held in the
status in effect before IDLEO/SLEEPO mode was entered.

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

Example: Starting IDLE mode.
SET (SYSCR2).2

Y

Starting IDLEO mode
by instruction

¥

CPU, WDT are halted

No

Reset

TBT clock
arises

Ye

S
TBT interrupt
enable

Yes (Interrupt release mode)

(Normal release mode) No

Interrupt processing

S

Execution of the
instruction which follows
the IDLEQ mode start
instruction

-

Figure 1-18. IDLE mode

When the count reaches the rate stated on TBTCR after starting IDLEO/SLEEPO mode, this mode is
released, and the device restore the operation.

On restarting, the interrupt processing is accepted if the TBT interrupt is enable. If its interrupt is
disable, the instruction, which follows the instruction to enable IDLEO mode, is executed.

IDLEO mode can also be released by inputting low level on the RESET pin, which immediately performs
the reset operation. After reset, the TMP86CHO6 is placed in NORMALI1 mode.

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

SLOW mode is controlled by the system control register 2 (SYSCR2).
The following is the methods to switch the mode with the warming-up counter (TC1, 0).

a. Switching from NORMALZ2 mode to SLOW1 mode

First, set SYSCK (bit 5 in SYSCR2) to switch the main system clock to the low-frequency clock for
SLOW2 mode.
Next, clear XEN (bit 7 in SYSCR2) to turn off high-frequency oscillation.

Note: The high-frequency clock oscillation can be continued to return quickly to NORMAL2 mode.
However, halt high frequency clock in order to enable STOP mode from SLOW mode.

When the low-frequency clock oscillation is unstable, wait until oscillation stabilizes before
performing the above operations. The timer/counter 1, 0 (TC1, TCO) can conveniently be used to
confirm that low-frequency clock oscillation has stabilized.

Examplel: Switching from NORMAL2 mode to SLOW1 mode.

SET (SYSCR2).5 ; SYSCK «1
(switches the main system clock to the low-frequency
clock for SLOW2)

CLR (SYSCR2).7 ; XEN<«0

(turns off high-frequency oscillation)
Example2: Switching to the SLOW1 mode after low-frequency clock has stabilized.
LD (TCOCR),43H ;  Sets mode for TCO, TC1 (16-bit TC, fs for source)
LD (TC1CR),05H

LDW (TTREGO), 8000H ; Sets warming-up time
(depend on oscillator accompanied)

DI
SET (EIRL).7 ;  Enables INTTC1
EI
SET (TC1CR).3 ;  StartsTC1,0
PINTTCl: CLR (TCICR).3 : Stops TC1, 0
SET (SYSCR2).5 ; SYSCK <1 (Switches the main system clock to the
low-frequency clock)
CLR (SYSCR2).7 ;  XEN <« 0 (Turns off high-frequency oscillation)
RETI
VINTTC1: DW PINTTC1 ;  INTTCI1 vector table
86CH06-34 2002-10-08
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b. Switching from SLOW1 mode to NORMALZ2 mode

First, set XEN (bit 7 in SYSCR2) to turn on the high-frequency oscillation. When time for
stabilization (warm-up) has been taken by the timer/counter 1, 0 (TC1, 0), clear SYSCK (bit 5 in
SYSCR2) to switch the main system clock to the high-frequency clock.

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

High-frequency clock _|-|.|-L|-L|-L|-L|-L|-L|-L|-L|-L|-L|-L|_
Low-frequency clock _|—|__|—'_

Main system clock gy S ey Ep Np Ny HpNp iy
SYSCK e |

Note 2: SLOW mode can also be released by inputting low level on the RESET pin, which
immediately performs the reset operation. After reset, the TMP86CHO6 is placed in
NORMALT mode.

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

SET (SYSCR2).7 ;  XEN <« 1 (Starts high-frequency oscillation)
LD (TCOCR), 63H ;  Sets mode for TCO, TC1 (16-bit TC, fc for source)
LD (TC1CR), 05H

LD (TTREG1),0F8H ; Setswarming-up time

DI
SET (EIRL).7 ;  Enables INTTC1
EI
SET (TC1CR).3 ;  StartsTC1,0
PINTTC1: CLR (TCICR).3 ;. StopsTC1, 0
CLR (SYSCR2).5 ;  SYSCR<«0 (Switches the main system clock to the
high-frequency clock)
RETI
VINTTC1: DW PINTTC1 ;  INTTCI1 vector table
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1.6  Interrupt Control Circuit

The TMP86CHO06 has a total (Reset is excluded) of 21 interrupt sources; 5 of the sources are
multiplexed. Multiple interrupt with priorities is available. 4 of the internal factors are non-maskable
interrupts, and the rest of them are maskable interrupts.

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

Table 1-6. Interrupt Sources

Interrupt Factors Enable Condition Inth;rctlept X:(::::s Priority
Internal/ | (Reset) Non-maskable — FFFEH High 1
External
Internal  [INTSW (Software interrupt) Non-maskable — FFFCH 2
Internal [INTUNDEF (Executed the Undefined Instruction interrupt) | Non-maskable — FFFCH 2
Internal [INTATRAP (Address Trap interrupt) Non-maskable 1Ly FFFAH{ 2
Internal [INTWDT (Watchdog Timer interrupt) Non-maskable IL3 FFF84 2
External |INTO (External interrupt0) IMF=1,EFz=1, ILg FFF6n 5
INTOEN =1
External |INT1 (External interrupt1) IMF=1,EF5=1 ILg FFF4y 6
Internal |INTTBT (Time Base Timer interrupt) IMF=1, EFg=1 ILg FFF2y 7
Internal  [INTTC1 (8-bit Timer1 (16-bit mode) interrupt) IMF=1,EF7=1 1Ly FFFOy 8
Internal, [INTRXDO IMF=1,EFg=1 ILg FFEEH 9
Internal  [(UART (ch0) Received interrupt), INTSIO (SIO interrupt)
Internal | INTTXDO (UART (chO0) Transmitted interrupt) IMF=1,EFg=1 ILg FFECy 10
Internal [INTETO (ETCO Full-Count interrupt) IMF=1,EF1p5=1 IL1g FFEAH 1
Internal  [INTICO (ETCO Input Capture interrupt) IMF=1,EFq;=1 IL14 FFE8y 12
Internal, |INTOCO (ETCO Output Compare interrupt), IMF=1,EF5=1 ILy> FFE6H 13
External |INT2 (External interrupt2)
Internal, |[INT3 (External interrupt3), IMF=1, EF13=1 IL13 FFE4y 14
External |[INTRXD1 (UART (ch1) Received interrupt)
Internal, |INT4 (External interruptd), IMF=1,EF15=1 IL1g FFE2y 15
External |INTTXD1(UART (ch1) Transmitted interrupt)
Internal, |INTTCO (8-bit Timer0 interrupt), IMF=1,EFi5=1 IL15 FFEOy Low 16
External |INTS5 (External interrupt5)
Note 1: The following interrupt factors share their interrupt source; the factor is selected on the
register INTSEL.

1) INTRXDO and INTSIO share the source whose priority is 9.

2) INTOCO and INT2 share the source whose priority is 13.

3) INT3 and INTRXD1 share the source whose priority is 14.

4) INT4 and INTTXD1 share the source whose priority is 15.

5) INTTCO and INT5 share the source whose priority is 16.

Note 2: 2 alternatives are to be chosen in case INTATRAP (Address Trap interrupt) is executed: interrupt
orreset. (for detail, see 1.6.4 Address trap interrupt (INTATRAP)

86CH06-37 2002-10-08
wwwe.DataSheetdlU.com



TMP86CHO06

TOSHIBA

we.be\|q xdo|g 49]|01u0) ydnuidu| ‘L gz-| a4nbig

18581 |eUIBIU|

4

#04 OF4NI
SIE3|3 PIYMm
uonINJIsU|

Wb, O 4N

5385 UDIYM UOI13dNI3sU]

uoipnasul [13]

paydaxe sem ydniiaiul

B1048q 185 SEM ||| UBYm

AJuo uonanusul [N 13y}

ERIISEN

wdnuayul ajqeysew
Bulnp uonINsUL [113y] S ¥

asjueirdadoe ydniiaug >

1sanbau asea|ay 1s8nbal

spow 37q| SLLIFEN]
a|qeysepy
1sanbalydnuiaiy|

1sanbau sidnuiajut 3|qeysew-uon

ssaippe

a|qe1 ioyap €4

18183y Buipajas

13181831 jou0)

1n2up 128fa1 asiou [e316iq TDHOAID OLNI

iopey rdnuiay -dnJiajug jeusalx
Bejy ajqeus 1dniisiu] |enpiapy| 11 10} 390438 8314M Do i ! il L
- _ 354N _ [ wuna |
743015143 _ ejep ajum 05| _ T ”
_ Il e
| o o
a b sty ¥3SINI < OILLNI
S 51019} 1dNni43)ul 10} 1033 < LAXLLNI
N L SIPLINI
—_—
(] b vion = YIAXLLNI — M oo oo | AIDEZ_
S 510132} }dNII3UY 104 1012313 T LAXYINI
h —— _ SIELNI
.
(1 cm_ ' HIAXYLNI i ] AIDQZ_
[ 510152} 1dN1I1UL 104 401I3[BS S3ZLNI
b
TSI DI ROT TN
& e g~ ¥30D0LNI s AID ZUNI
810128} 1ANIIIUL I0J 103G =
L 5 } 0DOLNI
Y
@ {1
ODILNI
vV
(1 s
< 0L3LNI
101e13UBB r
ssaippe a Q
sjqes 0QXLLNI
1omop P HI0XULNI
@i T siopey 1dnusiul OISLNI
- L 10} J0p8jag < 0QX¥LINI
YV
Japodoua ﬁllxl Q
Auoud | < | 3LINI
L —< LELLNI
b
¢D|- s SILLINE “DONLINI
e N
T_au.__u palal asiou |e1bIQg ‘uoidalas abp3 TIAID LINI
s
(L ] N3OLNI
N

v

{ LAMINI

Bujpeaizqj 03 5ty

dVHLVLINI
I —
MSLNI

2002-10-08
wwwe.DataSheetdlU.com

86CH06-38



TOSHIBA TMP86CH06

(1) Interrupt Latches (IL15 to IL2)

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

The interrupt latches are located on address 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.

Note: 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.

Example 1: Clears interrupt latches

DI ; IMF <0

LDW (ILL), 1110100000111111B s ILq9, IL1g to ILg<0
LD (ILH), 11111000B ; IL10 to IL8 <0

EI ;IMF <1

Example 2: Readsinterrupt latches
LD WA, (ILL) ; WeILy, A<ILL,
Example 3: Tests an interrupt latches

TEST (ILL).7 ;if IL7=1 then jump
JR  F,SSET

(2) Interrupt Enable Register (EIR)

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

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

Note: 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. After a 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.
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a) 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”, and maskable interrupts are not accepted until it is set to “1”.

b) Individual interrupt enable flags (EF5to EFj)

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

Example 1: Sets individual interrupt enable flags

DI ;IMF <0
LDW (EIRL), 1110100010100000B i EF15¢013, EF11, EF7, EF5 <1
Note: Do not set IMF

F;I ; IMF « 1
Example 2: Example of description in C
unsignedint __io (3AH) EIRL; /* 3AH: address for EIRL */
_DI();
EIRL=10100000B;

_EI();
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Interrupt Latches

I 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 | 0
(003C,003Dy) | ML1s i llqg i llyg illgp illyq Pllgg i Ig Mg [ MLy il | Il iy (Mg P | &
ILy (003Dy) IL, (003Cy)
(Initial value: 00000000 000000+%x)
AtRD At WR
ILystolL, [ Interrupt Latches 0: No interrupt request 0: Clears the interrupt request (Note 1) R/W
1: Interrupt request 1: (Interrupt Latch is not set.)

Note 1:1L2 and IL3 are prohibited from clearing.
Note 2: 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.

Interrupt Enable Registers

EIR 15 14 13 12 11 10 9 8 7 6 5
(003A, 003By) | EF1s i EFqq  EFq3 D EFyp i EFqq i EFqq [ EFg | EFg | EF; | EFg | EFs :
EIRy (003BR) EIR_ (003AR)

(Initial value: 00000000 0000+*x0)

Note 1: Do not clear IL with read-modify-write instructions such as bit operations
Note 2: % : Don’t care
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 not set IMF to 1 simultaneously with EF.

Figure 1-22 (1). Interrupt Latch (IL), Interrupt Enable Registers (EIR)

(3) Selecting interrupt factor (INTSEL)

Each interrupt factor, that shares its interrupt source with other factors, enables its interrupt latch (IL)
only if it is selected on INTSEL. The interrupt controller does not hold the interrupt request, while the
factor generates the interrupt request is not selected on INTSEL. Therefore, set INTSEL appropriately
before interrupt factors arises.

Interrupt Selecting Register
7 6 5 4 3 2 1 0
INTSEL s D -
©o3gy LMo - mi [nrocoss e TwrrxoeR] wTser | (initial value: 0s++ 0000)
Alternative of 0: INTRXDO
INTRXOER INTRXDO or INTSIO 1: INTSIO
Alternative of 0: INTOCO
INTOCOER INTOCO or INT2 1:INT2
Alternative of 0: INT3
INTRXTER INT3 or INTRXD1 1: INTRXD1 RIW
Alternative of 0: INT4
INTTXDER INT4 or INTTXD1 1: INTTXD1
Alternative of 0: INTTCO
INTSER INTTCO or INT5 1: INTS
Note: = : Don’t care
Figure 1-22 (2). Interrupt Selecting Register (INTSEL)
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1.6.1 Interrupt Sequence

An interrupt request, which raised interrupt latch, is held, until interrupt is accepted or interrupt latch
is cleared to “0” by resetting or an instruction. Interrupt acceptance sequence requires 8 machine cycles
(2 us at 16 MHz) after the completion of the current instruction. The interrupt service task terminates
upon execution of an interrupt return instruction [RETI] (for maskable interrupts) or [RETN] (for non-
maskable interrupts). Figure 1-23 shows the timing chart of interrupt acceptance processing.

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

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

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

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.

Interrupt service task

T O T T TR T T B

1 machine cycle

< |

| !
A

e i \\\< I I <

Execute
Instruction >< nstrscien X Interrupt acceptance Xmstruct.on \ Execute RET! instruction

S O € G ﬂ@@@.\@ Ko iker?)

SP n _

Interrupt
request

il

Note 1: a: return address entry address b : entry address ¢ : address which RETI instruction is stored

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

Figure 1-23. Timing chart of Interrupt Acceptance/Return Interrupt instruction
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Example: Correspondence between vector table address for INTTBT and the entry address of the

interrupt service program

Vector table address

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.

Entry address

Interrupt
service
program

D203y
D204,

(2)

Saving/Restoring general -purpose registers

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

a) Using PUSH and POP instructions

To save only a specific register, PUSH and POP instructions are available.

Example: save/store register using PUSH and POP instructions
PINTxx: PUSH WA ; Save WA register
(interrupt processing)
POP WA ; Restore WA register
RETI ; RETURN
................................................................................ Address
................................................................................ (Example)
el " e oz
_____________________________ A | 00238
SP —>| w SP —> 0023C
Pe ] PCL . U4 U N IR 0023D
PCh | PCh..l | PC | o s 00238
"""" PSW LLPSW B B I 25

|:> At Execution of
POP instruction

At Acceptance of |:> At Execution of
an Interrupt PUSH instruction

At Execution of
an RETlinstruction

=
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b) Using data transfer instructions
To save only a specific register without nested interrupts, data transfer instructions are available.
Example: save/store register using data transfer instructions

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

Main task

Interrupt Interrupt service
acceptance task
T ———

Saving
registers

Restoring
registers

D ——
Interrupt return

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

Figure 1-24. Saving/Restoring general-purpose registers under interrupt processing

(3) Interruptreturn

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

[RETI/[RETN] Interrupt Return

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

@ Stack pointer (SP) is incremented by 3.

As for Address Trap interrupt INTATRAP), 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.
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1.6.2

@

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

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

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

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

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

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

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

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

FFp 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 FFg 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.
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1.6.3 Undefined instruction interrupt (INTUNDEF)

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

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

1.6.4 Address trap interrupt (INTATRAP)

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

The address trapped area is alternative: SFR and RAM, or SFR only.

Note 1: The operating mode under address trapped, whether to be reset-output or interrupt
processing, is selected on watchdog timer control register (WDTCR).

Note2: When the SWI instruction or undefined instruction located in address immediately
preceding the address trap area is executed, address trap interrupt accept processing is
executed immediately after the SWl/undefined instruction interrupt is accepted.

1.6.5 External Interrupts

The TMP86CHO06 has six external interrupt inputs. These inputs are equipped with digital noise reject
circuits (pulse inputs of less than a certain time are eliminated as noise).

Edge selection is also possible with INT1 to INT4. The INTO0/P10 pin can be configured as either an
external interrupt input pin or an input/output port, and is configured as an input port during reset.
Edge selection, noise reject control and INT0/P10 pin function selection are performed by the external
interrupt control register (EINTCR).

Table 1-7. External Interrupts

Secondar
Source Pin function p)i/n Enable conditions Edge Digital noise reject
Pulses of less than 2/fc [s] are eliminated as
noise. Pulses of 7/fc [s] or more are considered
NTO IMF=1, EFg=1, ; to be signals. In the SLOW or the SLEEP mode
INT INT P1 Fall T !
0 0 0 INTOEN =1 alling edge pulses of less than 1/fs [s] are eliminated as

noise. Pulses of 3.5/fs [s] or more are
considered to be signals.

Pulses of less than 15/fc or 63/fc [s] are
INT1 NT1 P11 IMF - EF5 =1 eliminated as noise. Pulses of 49/fc or 193/fc
[s] or more are considered to be signals.

In the SLOW or the SLEEP mode, pulses of less

INT2 INT2 P37/0C0 :mfoggﬁi11 Falling ed than 1/fs [s] are eliminated as noise. Pulses of
= a 'ngre 9¢ 3.5/fs [s] or more are considered to be signals.

IMF - EF13= 1 Rising edge Pulses of less than 7/fc [s] are eliminated as

INT3 INT3 P46/SI/RXD1 | | NTRXDER = 0 noise. Pulses of 25/fc [s] or more are

considered to be signals.

In the SLOW or the SLEEP mode, pulses of less
INT4 INT4 | Pa7/s01/TxD1 | IMF - EF12=1 than 1/fs [s] are eliminated as noise. Pulses of
INTTXDER =0 3.5/fs [s] or more are considered to be signals.

Pulses of less than 2/f¢ [s] are eliminated as
noise. Pulses of 7/fc [s] or more are considered
to be signals. In the SLOW or the SLEEP mode,
pulses of less than 1/fs [s] are eliminated as
noise. Pulses of 3.5/fs [s] or more are
considered to be signals.

IMF - EFy5 =1

P20/STOP | |NTSER = 1

INTS INT

(%1

Falling edge

86CH06-46 2002-10-08
wwwe.DataSheetdlU.com



TOSHIBA TMP86CH06

Note 1: If a noiseless signal is input to the external interrupt pin in the NORMAL 1/2 or IDLE 1/2 mode, the
maximum time from the edge of input signal until the IL is set is as follows:
® INT1 pin 55/fc[s] (INTINC = 1), 199/fc [s] (INTTNC =0)
@ INT2to4pin  31/fc[s]
Note 2: Even if the falling edge of INTO pin input is detected at INTOEN =0, the interrupt latch IL4 is not
set.
Note 3: When data changed and did a change of 1/0 when used external interrupt ports as a normal ports,
interrupt request signal occurs incorrectly. Handling of prohibition of interrupt enable register
(EIR) is necessary.
Note 4: The maximum time from modifying INT1NC until a noise reject time is changed is 26/fc.

7 6 5 4 3 2 1 0
BENTR Mm——————————— 11— _
(0037,) [INTINC[INTOEN|  INTAES  |INT3ES |INT2ES | INTIES| ¢ (Initial value: 0000 000%)
0: Pulses of less than 63/fc [s] are eliminated as noise

1: Pulses of less than 15/fc [s] are eliminated as noise

INTINC | Noise reject time select

0: P10 input/output port

INTOEN P10/INTO pi fi i
0 WINTO pin configuration 1: INTO pin (Port P10 should be set to an input mode)

00: Rising edge
01: Falling edge

INT4ES |INT4 edgeselect 10: Both edges

11: High level
INT3 ES .
'R
INT2ES |INT3toINT1 edge select (1) F:)Ill?ng e:dgee
INT1 ES - raliing edg

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

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

Figure 1-25. External Interrupt Control Register
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1.7

Reset Circuit

The TMP86CHO6 has four types of reset generation procedures: an external reset input, an address trap

reset output, a watchdog timer reset output and a system clock reset output. Table 1-8 shows on-chip

hardware initialization by reset action.

The malfunction reset output circuit such as watchdog timer reset, address trap reset and system clock

reset is not initialized when power is turned on. The RESET pin can output level “L” at the maximum

24/fegek[s] (1.5 us at 16.0 MHz) when power is turned on.

Table 1-8. Initializing Internal Status by Reset Action
On-chip hardware Initial value On-chip hardware Initial value
Program counter (PC) (FFFER)
Stack pointer (SP) Not initialized Prescaler and Divider of timing 0
General-purpose registers 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

1.7.1 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/fcgck [s]) with the power
supply voltage within the operating voltage range and oscillation stable, a reset is applied and the
internal state is initialized.

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

VDD

RESET Resetinput
Watchdog timer reset |
Malfunction
reset output Address trap reset |
Sink open drain cireurt

System clock reset |

Figure 1-26. Reset Circuit
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1.7.2 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. Then, the
RESET pin output will go low. The reset time is about 8/fcgck to 24/fegek [s] (0.5 to 1.5 «s at 16.0 MHz).

Instruction IP a ( Reset release Xlnstruction ataddress
execution H H
Address-trap is occurred ! !
RESET output | ("L" output) /7 (High_z)i !
r o 1 1
i P i |
! iNotd3 i i
1 - 1 ] 1
H 8/fcgck to 24/fcgck [s] ' 4/fcgck | 16/fcgck [s] '
to
12/fegek [s] (No wait)

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

Figure 1-27. Address-Trap-Reset

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

1.7.3 Watchdog Timer Reset
Refer to Section “2.4 Watchdog Timer”,
1.7.4 System-Clock-Reset

Clearing both XEN and XTEN (bits 7 and 6 in SYSCR2) to “0”, clearing XEN to “0” when SYSCK =0,
or clearing XTEN to “0” when SYSCK =1 stops system clock, and causes the microcomputer to
deadlock. This can be prevented by automatically generating a reset signal whenever
XEN=XTEN=0, XEN=SYSCK =0, or XTEN =0/SYSCK =1 is detected to continue the oscillation.
The, the RESET pin output goes low from high-impedance. The reset time is about 8/fegck to 24/fegek
[s1(0.5to 1.5 us at 16.0 MHz).
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2.1 Special Function Register (SFR)

The TMP86CHO06 adopts the memory mapped I/O system, and all peripheral control and data transfers
are performed through the special function register (SFR). A series of SFR is mapped on address 0000
to 003FqH.
Figure 2-1 (a) to 2-1 (b) indicate the special function register (SFR) for TMP86CHO06.

Address Read Write
00004 PODR (PO Port output latch)
0001y P1DR (P1 Port output latch)
0002y P2DR (P2 Port output latch)
0003y P3DR (P3 Port output latch)
0004y P4ADR (P4 Port output latch)
00054 Reserved
0006y Reserved
0007y Reserved
0008y POCR (PO Port input/output Control Register)
00094 P1CR (P1 Port input/output Control Register)
000AY P3CR (P3 Port input/output Control Register)
000By PACR (P4 Port input/output Control Register)
000Cy P4ODE (P4 Port Open-Drain control Register)
000Dy P2R (P2 Port terminal input) _
000EH P4R (P4 Port terminal input) e
000Fy Reserved
0010y ETOCR (ETCO Control Register)
0011y ETOMIO (ETCO Capture/Compare Mode Register)
0012y ETORL (ETCO Register L)
0013y ETORH (ETCO Register H)
0014y ETOICAL (ETCO Capture Register AL) e —
00154 ETOICAH (ETCO Capture Register AH) R
0016y ETOICBL (ETCO Capture Register BL) PME (Pulse Measure Enable)
0017y ETOICBH (ETCO Capture Register BH) e —
00184 ETOOCRL (ETCO Compare Register L)
0019y ETOOCRH (ETCO Compare Register H)
001AY UARTOSR (UARTO status register) UARTOCRA (UARTO control register A)
001By —_ UARTOCRB (UARTO control register B)
001Cy RDOBUF TDOBUF
001Dy RD1BUF TD1BUF
001EH UART1SR (UART1 status register) UART1CRA (UART1 control register A)
001Fy _ UART1CRB (UART1 control register B)

Figure 2-1(a). the special function register (SFR) for TMP86CHO06
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Address Read Write
0020y TCOCR (Timer0 Control Register)
0021y TC1CR (Timer1 Control Register)
0022y TTREGO (Timer Term register0)
0023y TTREG1 (Timer Term register1)
0024y PWREGO (Pulse Width register0)
00254 PWREG1 (Pulse Width register1)
0026y e SIOCR1 (SIO Control Register 1)
00274 SIOSR (SI0 Status Register) SIOCR2 (SIO Control Register 2)
0028
0029y
002Ay
002By SIODBR (510 Receive/Transmit Data Buffer (8 byte)
002Cy
002Dy
002Ey
002Fy
0030y CGCR (Clock Gear Control Register)
0031y —_— EXPCR (External Access)
0032y WAITCR (Wait Control register)
0033y Reserved
0034y e WDTCR1 (WDT Control 1)
00354 _ WDTCR2 (WDT Control 2)
0036y TBTCR (TBT/TG/DVO control register)
0037y EINTCR (External Interrupt Control Register)
00384 SYSCR1 (System Control 1)
0039y SYSCR2 (System Control 2)
003A4 EIRL (The lower of interrupt enable register)
003By EIRH (The upper of interrupt enable register)
003CH ILL (The lower of interrupt latch)
003Dy ILH (The upper of interrupt latch)
003Ey INTSEL (Interrupt Factor Selector)
003Fy PSW (Program Status Word)

Figure 2-1 (b). the special function register (SFR) for TMIP86CHO6

Note 1: Do not access reserved areas by software.

Note 2: - :Cannot be accessed.

Note 3: Write only register and interrupt latches cannot use the read-modify-write instructions (bit manipulation
instructions such as SET, CLR, etc. and logical operations such as AND, OR, etc.).

Note 4: Address 0032y:

Only bit 2 and 3 on WAITCR can be read.
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2.2  /OPorts
The TMP86CHO6 has 5 parallel input/output ports (85 pins) as follows.
@© Port PO ;  8-bitI/O port (utilized also for Address/Data bus)

@ PortP1 ;  8-bitI/O port (utilized also for External interrupt input, Timer input/output and
External memory management output)

@ Port P2 ;  3-bitI/O port (utilized also for Low frequency resonator connections, External
interrupt input and STOP mode releasing signal input)

@ PortP3 ;  8-bit /O port (utilized also for Address bus output, Timer input/output and External
interrupt input)

® PortP4 ;  8-bitI/O port (utilized also for Timer input and Serial interface 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 |
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 1 1 1 1

Input strobe . ...

Datainput _
(a) Inputtiming
. fetchcycle  fetchcycle writecyce |
I ) I 1
SO S1 S2 S3 SO S1 S2 S3 SO S1 S2 S3
Instruction execution cycle | E).(: LDI (Xu)' A . | . L |

Output strobe I I

Data output _ | Old X New
(b) Outputtiming

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

Figure 2-2. Input/Output Timing (Example)
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2.2.1 PortPO

Port PO is the 8-bit I/O port that allows selection of input/output on bit basis. Input/output mode is
specified on the PO port input/output control register (POCR). During reset, all the bits on POCR are
initialized to “0” and PO becomes input port. Reset operation also initializes all the bits on PO port
output latch (PODR) to “0”.

Besides input/output port, Port PO functions as multiplexed Address/Data bus (AD7 to 0). Port PO
becomes 8-bit bidirectional Address/Data bus (AD7 to 0) when the CPU accesses to the external
memory. When it functions as data bus, the judgment on its input rate is based on TTL level.

Note: Input status is read while the port is input mode. Therefore the contents of output latch, that
belongs to the terminal for input, may alter if both input and output are mixed in PO port.
( Internal Address bus (A0 to 7) (
li Reset
M—"1
Direction Control OSC. Enable
(bit basis) ﬁ_
POCR write External Access
<1 External Access (Address output)
T POCR read
¢ s _j External Access (Data write)
o \
- 2|y
v
2 Y s
o gl = P
n L2 o ort 0
° £ Y ™ P00 t0 07
© Output Al o (ADOto 7)
° Latch o Output buffer
T (%]
® PO write
c
"
Z <] Selector
— \LG_i S
1
= -
—>Y
PO read A >
1 TTLlevel
External Access (Data read)
S~
Figure 2-3. Port PO (1/2)
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PODR 7 6 5 4 3 2 1 0 N
(00004)  [po7 [ Pos | Pos | Poa | Po3 | Po2 | poi | pop |  (nitialValue:00000000)
POCR 7 6 5 4 3 2 1 0

(00084)  [pocR7 | POCR6 | POCRS | POCRA | POCR3 | POCR2 | POCRT | pocro | (Initial Value: 0000 0000)

I/0 control for port PO 0: Input mode RIW

POCR | (set for each bitindividually) | 1: Output mode

Figure 2-3. Port PO (2/2)
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2.2.2 PortP1

Port P1 is the 8-bit I/O port that allows selection of input/output on bit basis. Input/output mode is
specified on the P1 port input/output control register (P1CR). During reset, all the bits on P1CR are
initialized to “0” and P1 becomes input port. Reset operation also initializes all the bits on P1 port
output latch (P1DR) to “0”.

Besides input/output port, the terminals in Port P1 functions as follows.

P15, P16 and P17 have WR, RD and ALE function respectively. These terminals output signals for WR,
RD and ALE when the CPU accesses to the external memory. In order to utilize WR and RD functions,
set WROE and RDOE, located on the EXPCR, respectively. If WROE, RDOE or both are enabled, P17
functions as ALE. If the device is released from reset while EA terminal is low, CLK signal is uttered
every machine cycle.

P10, P11 and P12 have INTO, INT1, and ETCO function respectively. In order to utilize these functions,
the terminal should be set for input.

Furthermore, pll has the function of WAIT while the external memory is begin connected. If the WAIT
function is not necessary as external memory is utilized, clear the WAIT bits (bit 7, 6) on WAITCR to
“00”.

P13 and P14 have DVO and TO1 function respectively. In order to utilize these functions, the output
latch belongs to each terminal should be set to “1” before the terminal is set for output.

Note1: Input status is read while the port is input mode. Therefore the contents of output latch, that
belongs to the terminal for input, may alter if both input and output are mixed in P1 port.
Note2: When the external memory is used, P10 pin cannot be used as external interrupt pin (INTO) or
input/output port because CLK is output from P10.
CLK
Reset
N—"1
o CLKV
Direction
Control (bit) 0sc.
* Enable
P1CR write
) 1
; i
- P1CR read
©
©
o S
_ B[ -
o ¥ 2|y P10
c Output Al (INTO, CLK)
= Latch - Output buffer
(] @
- A
=
— P1 write
e E;
T
INTO ——
—~ P1read
Figure 2-4. P10
86CH06-55 2002-10-08

wwwe.DataSheetdlU.com



TOSHIBA TMP86CH06

Reset
M —t
Direction Control
(bit basis)
S .
o P1CR write Osc. Enable
o P [
- T
© | P1CR read
©
_ Output ™ {:I P11,P12
© Latch L !
c * Output buffer
3 P1 write
- 1
2
1
_ R a=l
P1read
AIT, INT1,ETCO -=—
Figure 2-5. P11,P12
Reset
MN—"]
Direction Control
(bit basis)
i b
o P1CR write OSC. Enable
] yd [
- T j
© } P1CRread
©
_ Output _l >_4| P13, P14
© Latch
c A S
; P1 it DVO (P13)
r
- write TO1(P14)
c
- 1 @
2
1
_ a=l
P1read

Figure 2-6. P13,P14
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S

b u

data

Internal

WR, RD
Reset WROE (P15)
RDOE (P16)
Direction Control
(bit basis) 0SC.
* Enable
P1CR write
\/'r,
P1CRread s
— Bl s
< |y
Output Al o
Latch ; Output buffer
(%]
P1 write
T
1

(K

P1read

P15,P16
(WR, RD)

Figure 2-7. P15,P16
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ALE
Reset
~1 . WROE
Direction Control RDOE
(bit basis) osc
A Enable
P1CR write
\/'rn
3
z P1CR read
M
-
© S
o B —
} L O
- v Y P17 (ALE)
© Output Al o L
c Latch ° Output buffer
= %)
v A
ot P1write i;
C
T
[T
~ P1 read
Figure 2-8. P17
P1DR 7 6 5 4 3 2 1 0 N
0001w [p17 T P16 | P15 | P14 | P13 | P12 | P11 | P10 | (initial Value: 0000 0000)
P1CR 7 6 5 4 3 2 1 0 N
(00094)  ['p1cR7 [ PICR6 | PICRS | PICRA | PICR3 | PICR2 | PICRT [picRo |  (Initial Value: 00000000)
I/0 control for port P1 0: Input mode
PICR | (set for each bitindividually) | 1: Output mode RIW

Figure 2-9. Port P1DR and P1CR register
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2.2.3 PortP2

Port P2 is a 3-bit input/output port. It is also used as an external interrupt, a STOP mode release signal
input, and low-frequency Xtal connection pins. When they are used as an input port or a secondary
function pins, the respective output latch should be set to “1”.

A low-frequency Xtal (32.768 kHz) is connected to pins P21 (XTIN) and P22 (XTOUT) in the dual-clock
mode. In the single-clock mode, pins P21 and P22 can be used as normal input/output ports.

It is recommended that pin P20 should be used as an external interrupt input, a STOP mode release
signal input, or an input port. Ifitis used as an output port, the interrupt latch is set on the falling edge
of the output pulse.

When a read instruction is executed for port P2, bits 7 to 3 are read as undefined values.

P2 port output latch (P2DR) and P2 port terminal input (P2R) are located on their respective addresses.
Therefore, if input and output pins are mixed in P2 port, Read Write Modify instructions do not affect
the output latch belongs to the terminal for input.
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STOP, INTS
RESET \LC': EzDR
s Oy P9
D [Output [ Q ]
Latch !>° II:‘_
LE WR
P2DR S
RD
2
T N
i RESET @l [
]
— nable
D | Output| Q 1
2 Latch {>° 10—
o ) LE WR
- P2DR fs
C
- RD
D P22
)’] P2R
< <F | =
“1
LE
D [ Output| Q
Latch
S XTEN
1 1
~J ~J
RESET 777
P2DR 7 6 5 4 3 2 0 N
(0002y) | | . | . | | - | P22 | Y | P20 | (Initial Value: 1111 1111)
P2R 7 6 5 4 3 2 0 B
(000Dy) | . | * | . | | . I P22IN | P21IN | P20IN | (Initial Value: 1111 1---)
Figure 2-10. Port P2
Notel: 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.
Note2: Bit 7 through bit 3 in P2R contain unstable values.
Note3: *:Don't care.
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2.2.4 PortP3

Port P3 is the 8-bit I/O port that allows selection of input/output on bit basis. Input/output mode is
specified on the P3 port input/output control register (P3CR). During reset, all the bits on P3CR are
initialized to “0” and P3 becomes input port. Reset operation also initializes all the bits on P3 port
output latch (P3DR) to “0”.

Besides input/output port, the terminals in Port P3 functions as follows.

P36 and P37 have ICO and INT2 function respectively. In order to utilize these functions, the terminal
should be set for input.

P35 and P37 have TOO and OCO function respectively. In order to utilize these functions, the output
latch belongs to each terminal should be set to “1” before the terminal is set for output.

Port P3 also functions as address bus (A15 to 8). Port P3 becomes 8-bit bidirectional address bus (A15
to 8) when the CPU accesses to the external memory. In order to utilize address bus (A15 to 8) function,
set ABUSEN, located on the EXPCR.

Note: Input status is read while the port is input mode. Therefore the contents of output latch, that
belongs to the terminal for input, may alter if both input and output are mixed in P3 port.
< Internal Address bus (A8 to 15) (
Reset
ABUSEN
N—"]
Direction Control
(bit basis) osc.
A Enable
P3CR write
5 4
° T
© P3CRread s
-
© B | = Port3
o
° l el P30t0 37
- Output © L (A810 15)
© Latch ° Output buffer
[ wv
; * 0CO0 (P37)
e P3 write TOO (P35) W
c “1" (others)
S ez
- 1CO (P36)
P3 read INT2 (P37)
Figure 2-11. PortP3(1/2)
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P3DR 7 6 5 4 3 2 1 0 N
(0003:) [p37 [ P36 | P35 | P34 | P33 | P32 | P31 | p3o |  (nitialValue:00000000)
P3CR 7 6 5 4 3 2 1 0

(000AK)  ['p3cR7 [ P3CR6 | P3CRS | P3CRA | P3CR3 | P3CR2 | P3CRT | p3cro | (Initial Value: 0000 0000)

I/0 control for port P3 0: Input mode RIW

P3CR | (set for each bitindividually) | 1: Output mode

Figure 2-11. Port P3(2/2)
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2.2.5 PortP4

Port P4 is the 8-bit I/O port that allows selection of input/output on bit basis. Input/output mode is
specified on the P4 port input/output control register (P4CR). During reset, all the bits on PACR are
initialized to “0” and P4 becomes input port. Reset operation also initializes all the bits on P4 port
output latch (P4DR) to “1”.

Port P4 has programmable open-drain output function. The data on P4 port open-drain control register
(P40ODE) determines whether open-drain output is enabled or disabled on bit basis. During reset, all
the bits on PAODE are initialized to “0”, and under the circumstances P4 becomes CMOS output port if
P4CR is set to “1”.

Besides input/output port, the terminals in Port P4 functions as follows.

P40 and P41 have TI0 and TI1 function respectively: both TI0O and TI1 are for 8-bit timers. In order to
utilize these functions, the terminal should be set for input.

P46 and P47 have INT3 and INT4 function respectively: both INT3 and INT4 are for interrupts. In
order to utilize these functions, the terminal should be set for input.

The bundles, one consists of P42, P43 and P44 and the other consists of P46 and P47, have serial
interface function respectively.

P4 output latch (P4ADR) and P4 port terminal input (P4R) are located on their respective addresses.
Therefore, if input and output pins are mixed in P4 port, Read Write Modify instructions do not affect
the output latch belongs to the terminal for input.
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RESET
|r
Open Drain
Enable
LE
WR
P40ODE
RD
" < {>°
3
° RESET TxD, SCLK
© | S
o D| Output |Q
- Latch Do— e Port 4
LE
- WR
- ]
C
P4DR N
o P47
o L |: to
- RD P40
=
~
RESET 77
R L— < OSC. Enable
Direction
2 Control Q
(bit basis)
WR LE
PACR
RD
~J
1 @_
RxD, SCLK, INT 4—]
P4R
RD

Figure 2-12. PortP4(1/2)
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P4DR 7 6 5 4 3 2 1 0

(00044)  ["pa7 | Pas | Pas | Paa | Pa3 | Pa2 | Pa1 | P40 | (nitial Value: 1111 1111)

P4R 7 6 5 4 3 2 1 0

(0008H)  ["P47IN | P46IN | P45IN | P44iN | P43IN | P42IN | P41IN [ PaoIN | (nitial Value: - - - - - - - )
Read only

P4CR 7 6 5 4 3 2 1 0

(000BK)  ['pacr7 | P4CR6 [ PACRS | PACR4 [ P4CR3 [ PaCR2 [ PACR1 [ P4cRO |  (Initial Value: 0000 0000)

I/0 control for port P4 0: Input mode
PACR | (set for each bit individually) | 1: Output mode RIW
PAODE 7 6 5 4 3 2 1 0
(000Cy) | PAODE7 | PAODE6 | PAODES | PAODEA | PAODE3 | PAODE2 | PAODE1 | PAODEO | (Initial Value: 0000 0000)
1/0 control for port P4 0: 3-state output mode
PAODE | (et for each bit individually) | 1: Nch O.D. output mode RIW
Figure 2-12. Port P4(2/2)
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2.3 Time Base Timer (TBT)

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

An INTTBT is generated on the first falling edge of source clock (the divider output of the timing
generator) after the time base timer has been enabled. The divider is not cleared by the program ;
therefore, only the first interrupt may be generated ahead of the set interrupt period (Figure 2-9.(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/2%, fc/2?* or fs/2'°
fc/2?', fc/2% or fs/2%3
fc/2'8, fc/2V or fs/28
fc/2', /2" or fs/2°
fc/23, fc/2" or fs/2°
fc/2'2, fc/2B or fs/2°
fc/2", /2% or fs/23
fc/2°, fc/2"or fs/2

lock .
M| Falling edge detector IDLEO/SLEEPO release request

TN

INTTBT interrupt request
S

L

3

-

TBTCK TBTEN

| TBTCR |

Time base timer control register

(@) Configuration

Source clock J | I I | |

TBTEN

INTTBT i " " [L

e
" Interrupt period '
Enable TBT MPX : Multiplexer

(b) Time base timer interrupt

Figure 2-13. Time Base Timer

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

LD (TBTCR),00000010B ; TBTCK <010
LD (TBTCR),00001010B ; TBTEN «1
DI
SET (EIRL).6
El
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7 6 5 4 3 2 1 0
TBTCR it .
(00036y,) |(DVOEN)| (DVOCK) |(DV7CK) | TBTEN | , TBTCK | | (Initial value: 0000 0000)
Time base timer 0: Disable
TBTEN .
enable/disable 1: Enable
NORMAL1/2, IDLE1/2 mode SLOW,
DV7CK =0 DV7CK =1 SLEEP
DVICK=0|DV1CK=1|DVICK=0|DV1CK=1 mode
Time base timer interrupt 000 fc/2% fc/2% fs/2%® fs/2" DV21| fs/2"™ RIW
TBTCK [ frequency select [Hz] 001 fe/2” fe/2? fs/2'3 fs/2  [DV19| fs/2"
010 fc/2'¢ fc/2" fs/28 fs/28 DV14 -
011 fc/2™ fc/2"® fs/2° fs/2° DV12 -
100 /2" fe/2 fs/2° fs/2° DV11 -
101 fc/21? fe/2'3 fs/2* fs/2° DV10 -
110 fe/2" fc/2'? fs/23 fs/23 DV9 -
111 fc/2° fc/2'° fs/2 fs/2 DV7 -
Note: fc : High-frequency clock [Hz], fs : Low-frequency clock [Hz]

Figure 2-14. Time Base Timer Control Register

Table 2-1. Time Base Timer Interrupt Frequency (Example: fc = 16.0 MHz, fs =32.768 kHz)
Time base timer interrupt frequency [Hz]
NORMAL1/2, IDLE1/2 mode
TBTCK !
DV7CK=0 DV7CK=1 SLor\:]Véj:EEP
DVICK=0 DV1CK =1 DVICK=0 DVI1CK=1
000 1.91 0.95 1 1 1
001 7.63 3.81 4 4 4
010 244.14 122.07 128 128 -
011 976.56 488.28 512 512 -
100 1953.13 976.56 1024 1024 -
101 3906.25 1953.13 2048 2048 -
110 7812.5 3906.25 4096 4096 -
111 31250 15625 16384 16384 -
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2.4 Watchdog Timer (WDT)

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

The watchdog timer signal for detecting malfunction can be selected either a reset output or a non-
maskable interrupt request. However, selection is possible only once after reset. At first the reset
output 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: The functions of the watchdog timer may not be fully realized due to disturbance noise, etc.
Therefore, careful consideration is required in the designing stage.

2.4.1 Watchdog Timer Configuration

fc/2V, ¢/2'® or fs/.

Internal reset

/23, fc/22 or fs/2'5 —
fa/22, £¢/22 or fs/2
fc/2°, f¢/22° or fs/2'!

MPX Reset release signal from T.G.
A Binary Counters T_
B Clock R
C Y Overflow WDT output Reset output
2 P s |cer|']|? 1 )—is oH{>reser
—>
Interrupt request
2} L= ptreq INTWDT
Q
S R
WDTEN
WDTT Writing Writing WDTOUT
disable code | clear code

Controller

0034, t 0035, t

WDTCR1 WDTCR2 MPX : Multiplexer

Watchdog timer control registers

Figure 2-15. Watchdog Timer Configuration
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2.4.2 Watchdog Timer Control

Figure 2-16 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

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>.

If the CPU malfunctions such as endless looping or deadlock occur for any cause, the watchdog timer
output will become active at the rising of an overflow from the binary counters unless the binary
counters are cleared. At this time, when WDTOUT =1 a reset is generated, which drivers the RESET
pin low to reset the internal hardware and the external circuit. 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.

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 8/4 of WDT | (always clear immediately before and
detection time after changing WDTT)
LD  (WDTCR2), 4EH ;  Clears the binary counters
Within 3/4 of WDT |
detection time :
LLD (WDTCR2),4EH ; Clears the binary counters
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Watchdog Timer Register 1

Note 2:
Note 3:
Note4:

releasing the STOP mode.
Note 5:
watchdog timer.

be guaranteed.
Example : DI

LD (WDTCR2), 4EH

LDW (WDTCR1), 0B101H

El

Watchdog Timer Register 2
6

5 4 3 2 1 0
V(\SDO';E:)‘I | (ATAS) | (atoun) | VER' WDTT \(’)VB-F (Initial value: %11 1001)
WDTEN Watchdog timer 0: Disable (It is necessary to write the disable code to WDTCR2)
enable/disable 1: Enable
NORMAL1/2 mde
DV7CK=0 DV7CK =1 ?J"S(;’Z
Watchdog timer DVICK=0|DVICK=1|DVICK=0]DVICK=1 Wi
WDTT ot 00 | 2% 2%/fc 27fs 278 | 27k | Wrte
detection time [s] o1 | 2%%fc 2%fc 2%fs 2%is | 2i4s | only
10 2%/fc 2%%f¢ 2"3/fs 2"%fs 2'3/fs
11 2"%/fc 2%%f¢ 2"/fs 2"/ s 2""/s
WDTOUT Watchdog timer 0: Interrupt request
output select 1: Reset output
Note 1: WDTOUT cannot be set to “1” by program after clearing WDTOUT to “0”.

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

WDTCRT1 is a write-only register and must not be used with any of read-modify-write instructions.
The watchdog timer must be disabled or the counter must be cleared immediately before entering to
the STOP mode. When the counter is cleared, the counter must be cleared again immediately after

Just right before disabling the watchdog timer, disable the acceptance of interrupts (DI) and clear the

If the watchdog timer is disabled under conditions other than the above, the proper operation cannot

Disables interrupt acceptance.
Clears the watchdog timer.
Disables the watchdog timer.
Enables interrupt acceptance.

WDTCR2 |
(0035,,)

| (Initial value: %% *xxx)

Watchdog timer control

WDTCR2 ) )
code write register

Others:

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

B1y: Watchdog timer disable
(disable code)

D2: Enable assigning address trap area

Write
only

Invalid

Note 2: + : Don’t care

Note 4: Clears the binary counter does not clear the

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

It is recommended that the time to clear is set to 3/4 of the detecting time
Note 5: WDTCR2 is a write-only register and must not be used with any of the read-modify-write instructions.

source clock.

Figure 2-16. 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

The watchdog timer is disabled by writing the disable code (B1g) to WDTCR2 after clearing WDTEN
(bit 3 in WDTCR1) to “0”, The watchdog timer is not disabled if this procedure is reversed and the
disable code is written to WDTCR2 before WDTEN is cleared to “0”. During disabling the watchdog

timer, the binary counters are cleared to “0”.
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Example:

Disables watchdog
DI

timer

LD(WDTCR2), 04EH

LDW (WDTCR1), 0B101H ;

EI

. IMF <0

; Clear the binary counter

IMF «1

b

WDTEN « 0, WDTCR2 « Disable code

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

Watchdog timer detection time [s]
WDTT NORMAL1/2 mode
DV7CK=0 DV7CK =1 SLOW mode
DV1CK=0 DV1CK =1 DV1CK =0 DV1CK =1
00 2.097 4.194 4 4 4
01 524.288 m 1.049 1 1 1
10 131.072m 262.144m 250 m 250 m 250 m
11 32.768 m 65.536 m 62.5m 62.5m 62.5m

2.4.3 Watchdog Timer Interrupt (INTWDT)

This is a pseudo non-maskable interrupt which can be accepted regardless of the contents of the EIR. If
a 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,0023FH ; Sets the stack pointer
LD (WDTCR1),00001000B ; WDTOUT «0

2.4.4 Watchdog Timer Reset

If the watchdog timer output becomes active, a reset is generated, which drivers the RESET pin (sink
open drain input/output with pull-up) low to reset the internal hardware. The reset output time is
about 8/fegek to 24/fegek [s]1 (0.5 to 1.5 s at fc=16.0 MHz).

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

2"%/fc [s]

[wDTT=115)

Clock

-
D GiF

Binary counter

Overflow

INTWDT interrupt

WDT reset output 1 (High-2) |(”L” output)

writes 4Ey to WDTCR2

Figure 2-17. 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 2-18. 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-output 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 6 5 4 3 2 1 0
(0034,)  § WoT WOT
- i - ATAS |ATOUT ( EN ) (WDTT) (OUT) (Initial value: 11 1001)
0: SFRareaonly
ATAS Area for address trap 1: SFR, RAM and MEM1 area Wri
(Valid if control code is written on WDTCR2) ”Ite
only
ATOUT [ Operationin case of address trap : Interrupt
1: Reset
Watchdog Timer Control Register 2
WDTCR2 7 6 5 4 3 2 1 0
(0035y) | : : : : : : : | Gnitial value: sxxx #4x1)
D2: Address trapped area valid to set
(ATRAP control code)
Watchdog timer control code and | 4E: Watchdog timer binary counter clear Write
WDTCR2 | Address trapped area control (WDT clear code) onl
code B1y: Watchdog timer disable y
(WDT disable code)
Others: Invalid
Figure 2-18. 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 P13 (DVO). The P13 output latch (P1DR bit3=1)
should be set to “1” and then the P13 should be configured as an output mode (P1CR bit 3=1).

Note: The divider output frequency should be selected with divider output disabled. (The divider
output frequency should not also be changed when divider output is changed from enabled
state to disabled state.)

7 6 5 4 3 2 1 0
TBTCR P .
(oo36n) [ DvoEN | DVOCK [ (ov7ck) | (tBTEN) | | (TBTCK) | | (nitial value: 0000 0000)
Divider output 0: Disable
DVOEN .
° enable/disable 1: Enable
NORMAL1/2, IDLE1/2 mode SLOW,
DV7CK =0 DV7CK =1 SLEEP
) TNy 77 ) —_— = = = R/W
Divider output (DVO) DVICK =0]DV1CK=1|DVICK=0[DVICK =1 mode
£ lection [H 00 | fa2® fa2 fs/2° 2  [DVIT| fs/2°
DVOCK requency selection [Hz] 01 fc/2? fc/2% fs/24 fs/24 DV10| fs/2*
10 fe/2™ fc/2'? fs/23 fs/23 DV9 | fs/23
11 fc/2'0 fc/2" fs/22 fs/22 DV8 fs/22
Note: fc: High-frequency clock [Hz], fs : Low-frequency clock [Hz]

Figure 2-19. Divider Output Control Register

Example: 1.95kHzpulse output (atfc=16 MHz, DV1ICK=1)

SET (P1DR).3 ; P13 outputlatch«1
SET (P1CR).3 ;  Configures P13 as an output mode
LD (TBTCR),10000000B ;  DVOEN<«1,DVOCK<«00

Table 2-3. Divider Output Frequency (Example: at fc =16.0 MHz, fs =32.768 kHz)

Divider output frequency [Hz]
DVOCK NORMAL1/2, IDLE1/2 mode
DV7CK=0 DV7CK =1 SLOW, SLEEP mode]
DVICK=0 DV1CK =1 DV1CK =0 DV1CK =1
00 1.953 k 976.6 1.024 k 1.024 k 1.024 k
01 3.906 k 1.953 k 2.048 k 2.048k 2.048 k
10 7.813k 3.906 k 4.096 k 4.096 k 4.096 k
11 15.625 k 7.813k 8.192k 8.192k 8.192k

Output latch Output enable (P1CR3)

Data output m [ O >{r130v0)

f¢/213, fc/214 or fs/25 >—
fc/212 f¢/213 or fs/24  >—
fc/211 fc/212 or f5/23  >—
f¢/210 fc/211 or fs/22  >—

P13 output latch J I_I J
DVOCK DVOEN DVOEN _I L
svopnamp I LI LILIL_T1I

(a) Configuration (b) Timing Chart

Divider output control register

MPX : Multiplexer

Figure 2-20. Divider Output
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2.6 8-bit Timer/Counter (TCO, 1)

The TMP86CHO06 contains 2 channels of 8-bit timer/counter (TCO, 1). These are available for a 16-bit
timer/counter by cascade connection. This timer/counter is available for timer, event counter, PWM,
PPG, PDO, or warming-up counter.

2.6.1 Configuration

PWM mode

fe/211 or fe/212 Overflow I_! ) -

or fs/23—=| A [ : o /_’_I |_ ’ >. >
fc/27or fe/28 —>-B Y A Y 8-bit Clear

| up-counter
DV3G —»(C B \—\—I—OQ— Tc1s
DV1G —{D S —|—|—>
fs —e | PDO, PPG mode
fe2 —F 16-bit A E—
fc —G mode 8 o
TI1 pin |—> H - > o ]
p s 16-bit 4 ] set — o

TOM «— mode Timer, event
TC1S AS counter mode Clear

e

<—| Y| -
TFF1 TCICK : b 8 ’__D_ Timer F/F1

| TC1CR | | TTREG1 " PWREG1 | PWM, PPG mode

T | T U

PDO, PWM, PPG mode

TCOS ,—D—
PWM
fer211 or fe/212 Clear ! mode . INTTCO
or fs/23—>| _
fe27orf2s —>{B Y 8-bit 16-bit mode
up-counter Overflow
DV3G PDO mode
DV1G

R422428

fs Toggle

fc/2

fe 16-bit mode Q —I>°—|:|

TIO pin D—> Timer, event Set TOO pin
S counter mode |

TCOM <—— Clear

TCOS ~— TCocK W |—D— I—)TimerF/FO
TFFO <—|

PWM mode DecodeEN ( 'o—_PDO,PWMmode
| TCOCR " TTREGO " PWREGO I T 16-bit mode

H TFFO

Figure 2-21. 8-bit Timer0, 1
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2.6.2 Control

The timer/counter 0 is controlled by a timer/counter 0 control register (TCOCR) and two 8-bit timer
registers (TTREGO and PWREGO).

Timer 0 Register

TTREGO 7 6 5 4 3 2 1 0

(0022,) | ) ) . ) ) ) ) | (Initial Value: 1111 1111)

Fggg‘ff)o | | | | L | | | | (Initial Value: 1111 1111)

TCO Control Register
TCOCR 7 6 5 4 3 2 1 0
(00201) | TFFO | , TCOCK | Tcos | | TCOM | (nitial value: 0000 0000)
TFFO Timer F/FQ 0: Clear to “0”
management 1: Setto “1”
NORMAL1/2, IDLE1/2 mode SLOW,
DV7CK =0, DVCK =00 (Note 11) | DV7CK =1, DVCK =% | (Note 12) SLEEP
DV1CK=0 | DVICK=1 [DVICK=0|DVICK=1 mode
000 fc/2" fc/2™ fs/23 fs/23 DV9 fs/23
001 fa/2” fes28 fc/2” fc/28 DV5 -
TCOCK | Source clock 010 fes2° fes28 - - DV3G -
011 - fe/2* - - DV1G -
100 | fs(Note9) | fs(Note9) [ fs(Note9) [fs(Note9) | fs (Note 9) | fs (Note 9)
101 fc/2 fc/2 fc/2 fc/2 fc/2 fc/2
110 fc fc fc fc fc fc (Note 10)| R/wW
111 TI0 pininput | TIO pininput | TIO pininput | TIO pininput | TIO pin input | TIO pin input
TCOS | Timer start/stop 0: Stop operation (Note 13)
1: Start operation
000: 8-bit TC
001: 8-bit PDO
010: 8-bit PWM
: 011: 16-bit TC/PWM/PPG lower bits
TCOM Operating mode 100: Reserved
101: Reserved
110: Reserved
111: Reserved

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

Note 2:  During TCO operation, do not change TCOM, TCOCK and TFFO.

Note 3: When TCO operation is stopped (TC0S = "1” — "“0”), do not change TCOM, TCOCK and TFFO. But it is possible to
change TCOM, TCOCK and TFFO at the start timing (TCOS = “0” — “17).

Note4: The value of TTREGO which determines interrupt period has to be longer than the period of interrupt routine.

Note 5: When used as 16-bit mode, the operating mode is selected by TC1M (bit 2 to 0 in TC1CR), and TCOM should be set to
011~

Note 6: When used as 16-bit mode, only the source clock is selected by TCOCK, and start of operation and control of F/F are
controlled by TC1S and TFF1 (bit 3 and 7 in TC1CR).

Note 7:  Selecting source clock depends on the operating mode, refer to Table 2-4 and 2-5 for details.

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

Note 9: When used as the NORMALT1 and IDLE1 modes, the TCO source clock can not use the “fs”.

Note 10: When used as the SLOW and SLEEP modes, the “fc” of TCO source clock can use only “fc warming-up counter” mode.

Note 11: When DVCK is other than “00”, see Table 1-1.

Note 12: When selecting DV1G, DV3G, or DV5 for the operating clock, check Table 1-1 in Section 1.5.3, “Timing Generator,”
to see that the divider output is possible (marked with Q). If the divider output is impossible (marked with x), do
not choose the operating clock.

Note 13: The up counter is cleared when stopped by a command.

Note 14: In the timer, event counter, PDO output, and PPG output modes, do not change the settings of the timer registers
(TTREGI, PWREGI) while TCi is operating. Since each of TTREGi and PWREGi is constructed from one-stage register in
the timer, event counter, PDO output, and PPG output modes, a newly set values is immediately reflected on the
corresponding timer register. Note:i=0,1

Note 15: If the timer counter is stopped during output operation in PDO, PWM or PPG mode, the output state is maintained
at the state immediately before time/counter is stopped. For changing the level of pin, modify TTFi (bit 7 of the
timer counter control register (TCiCR)) after time/counter has been stopped. Do not execute halt of timer/counter
and modification of TFFi simultaneously.

Example : Fixes TOi output at high level after timer/counter is stopped. Note: i=0,1
CLR (TCiCR). 3 Stops timer/counter
CLR (TCiCR).7 ;  Setsoutput to high level output

Figure 2-22. Timer 0 Register and Timer/Counter 0 Control Register
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The timer/counter 1 is controlled by a timer/counter 1 control register (TC1CR) and two 8-bit timer
registers (TTREG1 and PWREG1).

Timer 1 Register

TTREG1 »
(0023y) | I ! 1 ] | | I | (Initial Value: 1111 1111)
PWREG1 »

(0025y) | 1 1 1 ! | . | | (Initial Value: 1111 1111)

TC1 Control Register

TCI1CR 7 6 5 4 3 2 1 0
(0021) | TFFO |  TCICK | Tc1s |  TCIM | (nitial Value: 0000 0000)
TFE1 Timer F/F 1 0: Clearto “0”
management 1: Setto 1"
NORMAL1/2, IDLE1/2 mode SLOW,
DV7CK =0, DVCK =00 (Note 11) | DV7CK =1, DVCK = ** | (Note 12) SLEEP
DVICK=0 | DVICK=1 [DV1CK=0 [DV1CK =1 mode
000 fe/2" fc/21? fs/23 fs/23 DV9 fs/23
001 fc/2” fc/28 fc/2” fa/28 DV5 -
TCI1CK | Source clock 010 fc/2° fc/28 - - DV3G -
011 - fe/2* - - DV1G -
100 | fs(Note9) | fs (Note9) | fs(Note9) | fs (Note 9) | fs (Note 9) | fs (Note 9)
101 fc/2 fc/2 fe/2 fc/2 fc/2 fc/2
110 fc fc fc fc fc fc (Note 10)
111 T pininput | TI1 pininput | TI1 pininput | TI1 pininput | TI1 pininput | TI1 pininput

0: Stop operation (Note 13)
1: Start operation

000: 8-bit TC

001: 8-bit PDO

010: 8-bit PWM

011: Reserved

100: 16-bit TC upper bits

101: 16-bit TC upper bits (for fc Warming-up Counter)
110: 16-bit PWM upper bits

111: 16-bit PPG upper bits

TC1S Timer start/stop

TC1M Operating mode

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

Note2: During TC1 operation, do not change TC1M, TC1CK and TFF1.

Note 3: When TC1 operation is stopped (TC1S="1" — “0”), do not change TC1IM, TC1CK and TFF1. But it is possible to
change TC1M, TC1CK and TFF1 at the start timing (TC1S = "0" — "17”).

Note4: The value of TTREGT which determines interrupt period has to be longer than the period of interrupt routine.

Note5: When TC1M is selected to “1**” (16-bit mode), the source clock is automatically selected to the over-flowing signal
of TCO counter.

Note 6: When used as 16-bit mode, the operating mode is selected by TC1M (bit 2 to 0 in TC1CR), and TCOM should be set to
011~

Note 7: When used as 16-bit mode, only the source clock is selected by TCOCK, and start of operation and control of F/F are
controlled by TC1S and TFF1 (bit 3 and 7 in TC1CR).

Note 8:  Selecting source clock depends on the operating mode, refer to Table 2-4 and 2-5 for details.

Note 9: Value of timer register depends on the operating mode, refer to Table 2-6 for details.

Note 10: When used as the NORMALT and IDLE1 modes, the TC1 source clock can not use the “fs”.

Note 11: When DVCK = 00", fc/2° cannot be selected for the operating clock.

Note 12: When selecting DV1G, DV3G, or DV5 for the operating clock, check Table 1-1 in Section 1.5.3, “Timing Generator,”
to see that the divider output is possible (marked with O). If the divider output is impossible (marked with x), do
not choose the operating clock.

Note 13: The up counter is cleared when stopped by a command.

Note 14: In the timer, event counter, PDO output, and PPG output modes, do not change the settings of the timer registers
(TTREGI, PWREGI) while TCi is operating. Since each of TTREGi and PWREGi is constructed from one-stage register in
the timer, event counter, PDO output, and PPG output modes, a newly set values is immediately reflected on the
corresponding timer register. Note:i=0,1

Note 15: If the timer counter is stopped during output operation in PDO, PWM or PPG mode, the output state is maintained
at the state immediately before time/counter is stopped. For changing the level of pin, modify TTFi (bit 7 of the
timer counter control register (TCiCR)) after time/counter has been stopped. Do not execute halt of timer/counter
and modification of TEFi simultaneously.

Example : Fixes TOi output at high level after timer/counter is stopped. Note:i=0,1
CLR (TCiCR). 3 ;  Stops timer/counter
CLR  (TCiCR).7 ;  Setsoutput to high level output

Figure 2-23. Timer 1 Register and Timer/Counter 1 Control Register
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Table 2-4. Operating mode and available source clock
(NORMAL1/2, IDLE1/2 mode)

Operating Mods TS 000 | 001 | o010 | o011 | 100 | 101 | 110 | 111
8-bit Timer O O O O O — — —
8-bit Event Counter — — — — — — — O
8-bitPDO O O O O O — — O
8-bit PWM O O O O O O O @)
16-bit Timer O O O O O — — —
16-bit Event Counter — — — — — — — O
fs Warming-up Counter — — — — O — — —
16-bit PWM O O O O O O O O
16-bit PPG @) O O O O — —_ O

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

Note2:n=0,1

Note 3: When used as the NORMAL1 and IDLET modes, the source clock can not use the “fs”.

Table 2-5. Operating mode and available source clock
(Under SLOW1/2 mode, SLEEP1/2 mode)

Operating Mode TS 000 | oot | o010 | o011 | 100 | 101 | 110 | 111
8-bit Timer O — — — — — — _
8-bit Event Counter — — — — — — — @)
8-bitPDO O — — — — — — @)
8-bit PWM O — — — O — — @)
16-bit Timer O — — —_ —_ — — _
16-bit Event Counter — — — — — — — O
fc Warming-up Counter — — — — — — O —
16-bit PWM O — — — O — — @)
16-bit PPG O — — — — — — @)

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

Note2:n=0,1
Table 2-6. Restriction against the Rate for Comparing Registers
Operating Mode Authorized Rate for Register

8-bit Timer/Event Counter 1 = (TTREGn) = 255

8-bitPDO 1 = (TTREGn) = 255

8-bit PWM 2 = (PWREGN) = 254

16-bit Timer/Event Counter 1 = (TTREG1, 0) = 65535

fc Warming-up Counter 256 = (TTREG1, 0) = 65535 (Note 2)

16-bit PWM 2 = (PWREG1, 0) = 65534

16-bit PPG 1 = (PWREGHT, 0) < (TTREG1, 0) = 65535
Note1:n=0,1

Note 2: When used at the “fc Warming-up counter” mod, the timer operating mode must use the 16-bit timer mode.
That time, the timer register uses higher 8-bits and the lower 8-bits are ignored. But the timer register must
be set both of high and low bits.
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2.6.3 Function

Timer/Counter 0 and 1 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 0 and 1 by cascade connection.

(1

8-bit Timer Mode (Timer/Counter 0 and 1)

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

Note 1:

Note 2:

Note 3:

In the timer mode, always write TCICR<TFFi> to “0”. If TFFi is set to “1”, unexpected pulse
may be output from TOI pin.

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

i=0,1

Table 2-7. Timer/Counter 0 and 1 Source Clock (Internal Clock, DV1CK = 0, DVCK = 01)

Source clock Resolution Maximum time setting
NORMAL1/2, IDLE1/2 modes = =
SLOW1/2, SLEEP1/2 At fegek = At fs = 32.768 kHz At fegek = At fs = 32.768 kHz
DV7CK=0 DV7CK =1 modes 16 MHz 16 MHz

fc/2" [Hz] fs/23 [Hz] f$/23 [Hz] 128 us 24414 us 32.8 ms 62.5 ms
fc/2” (DV5) - - 8 us - 2.0 ms -
f¢/2° (DV3G) - - 2 us - 510 w8 -
fc/2° (DV1G) - - 1 us - 255  us -

Example: Setsthe timer mode with source clock fe/27 [Hz] and generates an interrupt 80 us later

(at fc = 16 MHz).

LDW (TTREG1),0AH ;  Sets the timer register (80 us+ 27/fc=0Ax)

DI

SET (EIRL). EF7 ;  Enables INTTC1 interrupt

EI

LD (TC1CR),00010000B ;  Sets the 8-bit timer mode and source clock (fc/27)

LD (TC1CR),00011000B ;  Starts TC1

Source clock

Up-counter

TTREG1

INTTC1 interrupt

Command start

» X n

Counter
clear

Match
detect

1

Figure 2-24. 8-bit Timer Mode Timing Chart (In Case of Timer/Counter 1)
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(2) 8-bit Event Counter Mode (Timer/Counter 0 and 1)

In this mode, events are counted on the falling edge of TIi pin input. The contents of TTREGIi are
compared with the contents of up-counter. If a match is found, an INTTCi interrupt is generated, and
the counter is cleared. The maximum applied frequency is fegek/2* [Hz] in NORMAL 1/2 or IDLE 1/2
mode, and fs/24 [Hz] in SLOW 1/2 or SLEEP 1/2 mode.

Two or more machine cycles are required for both the “H” and “L” levels of the pulse width.

NORMAL/IDLE | SLOW/SLEEP

High level width fegcek/23 fs/23
Low level width fegek/23 fs/23

Note 1: In the event counter mode, always write TCiICR<TFFi> to “0”. If TFFi is set to “17,
unexpected pulse may be output from TOi pin.

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

Note 3: i=0,1

Command start

Y

TI1 pininput | |i | |: | |: | :| JJ I_l I_l |:
Up-counter ‘0 X1X 2 Xj 1 X 2

TTREG1 X n

Match Counter
T

INTTC1 interrupt detect clear

Figure 2-25. Event Counter Mode Timing Chart (In Case of Timer/Counter 1)

(3) Programmable Divider Output (PDO) Mode (Timer/Counter 0 and 1)

The internal clock is used for counting up. The contents of TTREG{ are compared with the contents of
the up-counter. Timer F/F i output is toggled and the counter is cleared each time a match is found.
Timer F/F i output is inverted and output to the TOi 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/F i can be
initialized by program, and it is initialized to “0” during reset. An INTTCi interrupt is generated each
time the TOi output is toggled.

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

Note 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 TOi pin, modify
TCiCR<TTFi> after timer/counter has been stopped. Do not execute halt of timer/counter
and modification of TFFi simultaneously.

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

Note 3: i=0,1
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Example: Outputa 1024 Hz pulse (atfc = 16 MHz, in case of TC1)

SET (P1DR). 4 ;  Pl4 outputlatch <1
SET (P1CR). 4
LD (TTREG1), 7AH . (1/1024+27/fc) + 2=TAq

LD (TC1CR),00010001B ;  Sets the 8-bit PDO mode and source clock (fc/27)
LD (TC1CR),00011001B ; Starts TC1

Up-counter :xzxzxj 006063 €00 €0 € €00 €0 €
TTREG1
match\
| 2 Y N
| | | —
INTTC1 interrupt " " " "

Figure 2-26. 8-bit Timing Chart for PDO Mode (In Case of Tmer/Counter 1)
(4) 8-bit Pulse Width Modulation (PWM) Output Mode (Timer/Counter 0 and 1)

Timer F/F 1

TO1 pin output

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/F i
output is toggled. The counter continues counting. And, when an overflow occurs, the timer F/F i
output is again toggled and the counter is cleared. Timer F/F i output is inverted and output to the TOi
pin. An INTTCi interrupt is generated when an overflow occurs.

PWREGI is configured a 2-stage shift register and, during output, will not switch until one output cycle
is completed even if PWREGI is overwritten; therefore, output can be altered continuously. Also, the
first time, PWREGI is shifted by setting T'CiS (bit 4 in TCiCR) to “1” after data are loaded to PWREGI.

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 TOi, modify
TCiCR<TTFi> after timer/counter has been stopped. Do not execute halt of timer/counter
and modification of TFFi simultaneously.

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

Noted4: i=0,1
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Up-counter :xzxj oD 6E00 00 HE00

PWREG1 X m/m

match\& overflov& overwrlt shift

l

INTTC1 interrupt " "

Timer F/F 1

|<«——————1 period —————>1

Figure 2-27. Timing Chart for PWM Mode (In Case of TC1)

Table 2-8. PWM Output Mode (DV1CK = 0, DVCK = 01)

Source clock Resolution Maximum setting time
NORMAL12, IDLEVZMode | SLOW1/2,SLEEPV2 | ¢ _1emy | fo=32768kHz | fo=16MHz | fo=32.768kHz
DV7CK=0 DV7CK =1 mode
fe/2" [Hz] fs/2>  [Hz] fs/23 [Hz] 128 s 24414 us 328 ms 62.5 ms
fc/2” (DV5) - - 8 us - 2.05 ms -
f¢/2° (DV3G) - - 2 s - 512 us -
fc/2* (DV1G) - - 1 us - 256  us -
fs fs fs 30.5 us 30.5 us 7.81 ms 7.81 ms
fc/2 fc/2 - 125 ns - 32 s -
fc fc - 62.5 ns - 16 us -

(5) 16-bit Timer Mode (Timer/counter 0 and 1)

In this mode, counting up is performed using the internal clock.
Timer/counter 0 and 1 are also available as a 16-bit timer mode by cascade connection.

16 bit timer mode of Timer/counter 0 and 1
If a match is found, the INTTC1 interrupt is generated and the counter is cleared to “0”. Counting
up resumes after the counter is cleared. The timer register should write to the TTREGO more first
than TTREG1. The timer register must not write only either TTREGO or TTREG1.

Note 1: In the 16-bit timer mode, always write TCiICR<TFFi> to “0”. If TFFi is set to “1”, unexpected
pulse may be output from TOi pin.

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

Note 3: i=0,1
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Table 2-9. Source Clock of 16-bit Timer Mode (DV1CK = 0, DVCK = 01)

Source clock Resolution Maximum setting time
NORMAL1/2, IDLE1/2 mode
SLOW1/2, SLEEP1/2 Atfc=16 MHz | Atfs=32.768kHz | Atfc=16MHz | Atfs=32.768 kHz
DV7CK=0 DV7CK =1 mode
fes2™ fs/2®  [Hz] fs/23 128 us 2441 ps 8.38s 16 s
fc/2” (DV5) - - 8 us - 5243 ms -
fc/2° (DV3G) - - 2 us - 131.1 ms -
fc/2* (DV1G) - - 1 us - 65.5 ms -
fc/2 fc/2 - 125 ns - 82 ms -
fc fc - 62.5 ns - 41 ms -
Example: Set the 16-bit timer mode with source clock fe/27 (DV5) [Hz] and generates an interruput

300 [ms] later (at fc=16 [MHz])

LDW (TTREGO), 927CH ;3 Sets the timer register (300 ms =+ 27/f¢ =927Cy)
DI
SET (EIRL). EF7 ;  Enable INTTC1 interrupt
EI
LD (TCOCR), 13H 3 Sets the TCO mode and source clock
LD (TC1CR), 04H ;  Set the 16-bit timer mode (upper)
LD (TC1CR), 0CH ;  Starts timer/counter
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Counter

TTREGO
(lower)

TTREG1
(upper)

INTTC1

Command Start
1

Sourceclock|I||Il||||||||||||||||||II|||||I

0

X1X2X3X4Xj XXX T X X5 X

? X ?/n n/n C)
A
Overwrite i
? X ?2m m/m 0]
A A
Overwrite Shift

R O <G i B
w
=2

Match

K Counter clear

(a) 16-bit timer mode of timer/counter 0 and 1 (1st cycle)

Shifting at falling edge of source clock
1

1
Sourceclock||||Il||||||||||||||||||I||||||I

1
1
|

ST T T © 0 6 5 €D D D D G5 S 02 0.0 G €D &
i

TTREGO

loneay nir [) X vk .X ki )
1

Overwrite | Shift

1

TTREG1

(umoen m/m () X m¢/h X h/; ()

\ Counter clear Overwrite Shift Counter clear
INTTC1 Match I_l Match\ |_|
(b) 16-bit timer mode of timer/counter 0 and 1 (changing timer register during operation)
Figure 2-28. Timing Chart for 16-bit Timer Mode (Timer/Counter 0 and 1)
(6) 16-bit Event Counter Mode (Timer/counter 0 and 1)

In this mode, event are counted on the falling edge of the TIO pin input. Timer/counter 0 and 1 are also
available as a 16-bit Event counter mode by cascade connection.

16 bit event counter mode of Timer/counter 0 and 1

If a match is found, the INTTC1 interrupt is generated and the counter is cleared to “0”. After the
counter is cleared, counting up resumes every falling edge of TI0 input. The timer register should
write to the TTREGO more first than TTREG1. The timer register must not write only either
TTREGO or TTREG1. When the TTREG]1 is written during counter continuation, the timer register
is changed by next falling edge of TIO input at TTREGO and TTREG1 same time. The timer/counter
is counting by value of last timer register until the TTREG1 is written. Also, the first time, the
timer register is changed by the TC1S (bit 3 in TC1CR) set to “1” after data are loaded to TTREGO/1.
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Note 1: In the event counter mode, always write TCOCR<TFFO> to “0”. If TFFO is set to “1”,
unexpected pulse may be output from TOI pin.

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

Note 3: i=0,1

(7) 16-bit Pulse Width Modulation (PWM) Output Mode (Timer/counter 0 and 1)

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

16 bit PWM output mode of Timer/counter 0 and 1

The contents of PWREGO0/1 are compared with the contents of up-counter. If a match is found, the
timer F/F 1 output is toggled. The counter continues counting. And, when an overflow occurs, the
timer F/F 1 output is again toggled and the counter is cleared. Timer F/F 1 output is inverted and
output to the TOT pin. An INTTC1 interrupt is generated when an overflow occurs. When used as
TO1 pin, respective output latch should be set to “1”. PWREGO/1 are configured a 2-stage shift
register and, during output, will not switch until one output cycle is completed even if PWREGO0/1
are overwritten. Therefore, output can be altered continuously. Also, the first time, the timer
register is changed by the TC1S (bit 3 in TC1CR) set to “1” after data are loaded to PWREGO/1.

The timer register should write to the PWREGO more first than PWREG1. The timer register must
not write only either PWREGO or PWREG1.

Note 1: In PWM mode, write to the timer register PWREG1, 0 immediately after an INTTCT interrupt
is generated (normally during the INTTCI interrupt service routine). If writing to PWREGT, 0
and INTTCT1 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 INTTC1
interrupt is generated.

Note 2: If PWM output is stopped during output operation, the output state is maintained at the
state immediately before timericounter is stopped. For changing the level of TOT modify
TC1CR<TTF1> after timer/counter has been stopped. Do not execute halt of timer/counter
and modification of TFF1 simultaneously.

Example: Fixes TOT output at high level after timer/counter is stopped
CLR(TC1CR).3 ; Stopstimer/counter
CLR(TCICR).7 ; Sets TOT 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 TOT pin during warming-up
after releasing STOP mode.
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Table 2-10. 16-bit PWM Output Mode (DV1CK = 0, DVCK = 01)

Source clock Resolution Maximum setting time
NORMAL1/2, IDLE1/2 mode
SLOW, SLEEP mode | Atfc=16 MHz | Atfs=32.768kHz | Atfc=16MHz | Atfs=32.768 kHz
DV7CK=0 DV7CK =1
fe2" /23 [Hz] fs/23 128 s 244.1 us 8.38 s 16 s
fc/27 (DV5) - - 8 us - 5243 ms -
fc/2° (DV3G) - - 2 us - 131.1 ms -
fc/2* (DV1G) - - 1 us - 65.5 ms -
fs fs fs 30.5 us 30.5 us 2 s 2s
fc/2 fc/2 - 125 ns - 8.2 ms -
fc fc - 62.5 ns - 41 ms -
Example: Extract the pulse, whose term and “high” width is 131.1 ms and 4 ms respectively, from

P14 width 16-bit PWM mode (at fc=16 MHz, DV7CK =0)

SET (P1DR). 4 ;  Sets P14 output data latch to “1”

SET (P1CR). 4

LDW (PWREGO0),07DOH ; Setspulse width

LD (TCOCR), 23H ;  Sets the mode and source clock (DV3G)

LD (TC1CR), 56H ;5 Sets the TFF1 to “1” and sets the 16-bit PWM mode

(upper)

LD (TC1CR), 5EH ;  Starts timer/counter
Source clock | | | Is’l | | I | Igil I | | | I | |’S| | | I | |55| I | | | | | |5)| I |
PWREGO | / /
(| ower) n/n (1) X n/h X h/h

Match Overwrite| Match Shift Match
Zyggng)1 m/m q X m/k( X k/k q
A
Overwrite Shift
Timer F/F 1 I | _I |—| ]
TO1 pin | .<- —————————— a—— —>'
mn kh
INTTC1 Match n n
I period I
Figure 2-29. Timing Chart of 16-bit PWM Mode (Timer/Counter 3 and 4)
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(8)

16-bit Programmable Pulse Generate (PPG) output mode (TCO + 1)

PPG output with a resolution of 16 bits is possible. Timer/counter 0 and 1 are also available as a 16-bit
PPG output mode by cascade connection.

16 bit PPG output mode of Timer/counter 0 and 1
First, the contents of PWREGO/1 are compared with the contents of up-counter. If a match is found,
the timer F/F 1 output is toggled. The INTTC1 interrupt is generated at this time. Next, timer F/F 1
is again toggled and the counter is cleared by matching with TTREG0/1. The INTTC1 interrupt is
again generated when an overflow occurs.
When used as PPG1 pin, respective output latch should be set to “1”. During reset, the F/F 1 is
initialized to “0”.
The F/F 1 output is configured by TFF1 (bit 7 in TC1CR). Therefore, the TO1 can output either
output high or output low at first time. The timer register should write to the PWREGO/TTREGO
more first than PWREG1/TTREG1. The timer register must not write only either
PWREGO/TTREGO or PWREG1/TTREG1.
When the TTREG1/PWREGT1 are written during counter continuation, the timer register is changed
by next falling edge of source clock at PWREGO/TTREGO and PWREG1/TTREG1 same time. The
timer/counter is counting by value of last timer register until the PWREG1/TTREG1 is written.

Example: Extract the pulse, whose term and “high” width is 65.54 ms and 4 ms respectively, from P14
with 16-bit PPG mode (at fc=16 MHz, DV7CK =0)

SET (P1DR). 4 ;  Sets P14 output data latch to “1”

SET (P1CR). 4

LDW (PWREGO0),07DOH ; Setspulse width

LDW (TTREGO), 8002H ;5 Sets pulse term

LD (TCOCR), 23H ;  Sets the mode and source clock (DV3G)

LD (TC1CR), 57H ; Sets the TFF1 to “1” and sets the 16-bit PPG mode
(upper)

LD (TC1CR), 5FH ;5 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 timericounter is stopped. For changing the level of TO1, modify
TCiCR<TTFi> after timer/counter has been stopped. Do not execute halt of timer/counter
and modification of TFFi simultaneously.

Example: Fixes TOT output at high level after timer/counter is stopped
CLR(TCICR).3 ; Stopstimer/counter
CLR(TC1CR).7 ; Sets TOT output to high level output
Note 3: i=0,1
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Shifting at falling edge of source clock

couner - YT, @D 006D &
Z\évvsesso e O X nh X h/h )
Match Overwrite Shift Match

PWREG1 K . Kk
(uppen m/m (D) X m/l X / (D)

Overwrite Shift :
TTREGO \
(lower) s OX ;t |X T

Match Overwrite Shift Match
TTREG1
(upper) L d T
Overwrite Shift \
Timer F/F 1 I
Tolpin =" mn------»{ - kh-----
————————————— QF -= === mmmmmmmm = eiemmmmmmmmmmmmmmmm = Stmmmmmmmmmmmmm oo

INTTC1 I_I

Figure 2-30. Timing Chart of 16-bit PPG Mode (Timer/Counter 0 and 1)
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(9)

Warming-up counter mode

In this mode, the warming-up period for switching the main system clock can be generated.
Timer/counter 0 and 1 are used as a 16-bit timer by cascade connection.
There are 2 modes in warming-up counter mode, one is a mode from NORMAL to SLOW and the other is
amode from SLOW to NORMAL.

Note 3: i=0,1

Note 1: In the warming-up mode, always write TCiICR<TFFi> to “0”. If TFFi is set to “1”, unexpected
pulse may be output from TOi pin.
Note 2: In the warming-up mode, the lower 8 bits of TTREG1, 0 are ignored and an interrupt is
generated by matching the upper 8 bits.

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

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

stabilized.

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

“1”
.

After timer/counter is started by setting TC1ICR<TC1S>, the contents of TTREG1, 0 are compared
with the contents of up-counter. If a match is found, an INTTC1 interrupt is generated, and the
counter is cleared to “0”.
In the interrupt service program, stop the timer/counter and change the system clock to low-
frequency clock by setting SYSCR2<SYSCK > to “1”.

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

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

(at fs =32.768 kHz)

Min (at TTREGm, n = 0100H)

Max (at TTREGm, n = FFOOH)

7.8ms

1.995¢

Example: Switching to the SLOW1 mode after low-frequency clock has stabilized by using TC1, 0.

SET
LD
LD
LD
DI
SET
EI
SET

PINTTC1: CLR
SET

CLR
RETI

VINTTC1: DW

(SYSCR2).6 ; SYSCR2<XTEN > «“1”
(TCOCR), 43H ; TFF0=“0", fs for source clock, sets 16-bit mode
(TC1CR), 056H ; TFF1=%0", sets warming-up counter mode
(TTREGO), 8000H ;sets warming-up time (depend on oscillator characteristics)
; IMF «“0”
(EIRL).7 ; Enables INTTC1
. IMF < “1”
(TC1CR). 3 ; Starts TC1, 0
(TC1CR).3 ; Stops TC1, 0
(SYSCR2).5 ; SYSCR2<SYSCK > «“1”
(Switches the main system clock to the low-frequency clock)
(SYSCR2).7 ; SYSCR2<XEN> « “0” (Turns off low-frequency oscillation)
PINTTC1 ; INTTC1 vector table
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b. Warming-up counter mode for high-frequency (SLOW1—SLOW2—NORMAL2—NORMALI1)

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

stabilized.

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

“1”
.

After timer/counter is started by setting TC1CR<TC1S>, the contents of TTREG1, 0 are compared
with the contents of up-counter. If a match is found, an INTTC1 interrupt is generated, and the
counter is cleared to “0”.
In the interrupt service program, stop the timer/counter and change the system clock to high-
frequency clock by clearing SYSCR2<SYSCK > to “0”.

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

Table 2-12. Warming-up period for high-frequency (at fc = 16 MHz)

Min (at TTREGm, n=0100H)

Max (at TTREGm, n = FFOOH)

16 us

4.08 ms

Esample: Switching to the NORMALIL mode after high-frequency clock has stabilized by using TC1, 0.

SET (SYSCR2).7 ; SYSCR2<XEN> «“1”
LD (TCOCR), 63H ; TFF0=“0", fcfor source clock, sets 16-bit mode
LD (TC1CR), 05H ; TFF1=“0", sets warming-up counter mode
LD (TTREGO), 0F800H ; Sets warming-up time (depend on oscillator characteristics)
DI ;IMF < “0”
SET (EIRL).7 ; Enables INTTC1
EI ; IMF «“1”
SET (TC1CR).3 ; Starts TC1, 0
PINTTC1: CLR (TC1CR).3 ; Stops TC1, 0
CLR (SYSCR2).5 ; SYSCR2<SYSCK > «“0”
(Switches the main system clock to the high-frequency clock)
CLR (SYSCR2).6 ; SYSCR2<XTEN > «“0”
(Turns off high-frequency oscillation)
RETI
VINTTC1: DW  PINTTC1 ; INTTC1 vector table
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2.7 Extended Timer-Counter (ETCO)

The TMP86CHO06 contains 16-bit extended timer-counter, which is accompanied by terminals for
capturing input and outputting comparison. The alternative of internal or external input is to be source
clock.

2.7.1 Configuration

h
IcMODE —24 Setting edge :
ICEN T * ¢ to detect 1
ICO H '
D : Filter circuit Edge detection Event detected : INTICO
i circuit i interrupt
i i
1 I
Full-count ETOICA :D{\;l') eroics | |
1
INTETO et e e 1
>
fegcek/22 A ICEN ICMODE
S | fegeks23 or fs/22 B 5
Sgng(e ° | fegekr2 or fs/23 c
(fegckorfs) | © | fegek/25 or fs/24 b ETOMIO
& | fegcks2s or fs/25 Y 2%2'[:9 16-bit 2
S | fegek/27 or fs/26 ; up- —
S | fegeki28 or fs/27 G counter OCID OCEN OCMODE
H ________________________________________
Edge | 5 |Output 11 0Cco
detec S ! olarit, !
Filter -tion L ETOS ! T
D Circuit circuit i H Matched K i
ETOCKS 1 CK !
I
ETOEST : RESET I'R INTOCO
i OCID write data Eg j interrupt
1 1
ETOCR ETOR i} l OCID write timing j

Figure 2-31. Extended Timer-Counter 0 (ETCO)
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2.7.2 Controlling

The extended timer-counter (ETCO) is controlled on the following registers.

Extended Timer-Counter Register
This 16-bit timer register is to set and record the ETCO counter value.
Itis able to read while counting.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ETORy (0013y) | ETORL (0012y) | . . |

ETOR |
(0012, 13)

Read/Write (Initial value: 0000 0000 0000 0000)

Note 1: Data written on address (0012), does not reach lower byte of the ETCO register until data on upper byte of
it is set because of buffering. Writing only to lower byte is not allowed.

Note 2: On reading the register, the lower byte read operation latches the timer-counter value. Therefore, always
read the lower byte first, and the upper byte last.

Note 3: Writing FFFFy to the ETCO register generates an immediate interrupt request signal.

Note 4: The lower byte of the ETCO register and the lower byte of the ETCO compare register share their buffering
register. Therefore, do not execute write instruction against the ETCO compare register, between writing
on lower byte of the ETCO register and upper byte of it.

External Timer-counter Control Register
Principal mode register for ETCO

7 6 5 4 3 2 1 0
ETOCR S IR IS -
(0010) ETOS | b, | ETOES | LETOCKS | | (Initial value: O+++ 0000)
ETOS ETCO start/stop 0: Stop
1: Start
ETOES Count edge selection for event counter | 0: Rising edge
mode 1: Falling edge
NORMAL1/2, SLOW, SLEEP
IDLE1/2 mode mode RIW
fi 2? -
ETOCKS | Source clock for ETCO 88? fggztllzs f5/22
010 fegekr2* fs/23
011 fegck/2® fs/2%
100 fegck/28 fs/2°
101 fegek/2’ fs/2°
110 fegek/2® fs/2’
111 External clock (event counter mode)

#: Don’t care

Note: Altering source clock and edge type under event counter mode is allowed only if the extended timer has
been stopped. They can be set concurrently with enabling (start instruction).

Pulse Measure Enable Register

Mode register for capturing in order to calculate time difference or effective counting

0
(P(;\SEGH) (Initial value: **** *xx0)
PME edge which causes interrupt request 0: of earliest detection Write
1: of second earliest detection only

Note 1: If the address, PME locates, is read, the lower bits on ETOICB is extracted.

Note 2: As writing on PME by software, only the data “1” is accepted. PME is cleared to "0” by hardware when the
edge is detected or the device is totally reset.

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

Figure 2-32. Registers on Extended Timer-Counter 0 (1/2)
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ETCO Capture/Compare Mode Register
The register for both capturing and comparing

7 6 5 4 3 2 1 0
EJSM'S [ocoen| 1ceN | 1cmobE | ocip [ocen | ocMODE | (initial value: 1000 1000)

OCIDEN | Forcing OCID toinitialize 0: Disable

1: Enable
ICEN Assigning capture to P36 0: Disable (used for port)

1: Enable (used for capturing)

ICMODE [ Edge detection during capturing 00: No detection
01: Detectrising edge
10: Detect falling edge RIW

11: Detect both edges

OcCID Initial value for comparator 0: Initialize to “0”
1: Initialize to “1”
*Valid when OCIDEN ="1"

OCEN Assigning compare output to P37 0: Disable (used for port)
1: Enable (used for comparator output)

OCMODE | Comparator output when matched 00: NOP, output unchanged (steady output)
01: “1" output

10: “0” output

11: TOGGLE output (invert output)

ETCO Capture Register A/B
These 16-bit registers record the time when the capture terminal input changed. At maximum, 2 latest data are recorded;
after detection, the capture register A holds the latest.

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

(Ol(E]-g(l)l-l,c‘lASH) | 1 1 ElTOICAHi (001 5H) 1 1 | 1 1 ElTOICAH (0014'1) 1 1 |
Read only (Initial value: 0000 0000 0000 0000)
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
(ogﬁgﬁﬁ;m | . . ETOICBy (0017) . . | . . ETOICB (0016},) . . |

Read only  (Initial value: 0000 0000 0000 0000)

Note: Since capturing is restored by reading the upper byte of the capture register A, read capture register B
before reading capture register A. Read capture register A from lower byte to upper byte.

ETCO Compare Register
The 16-bit register is to set the time for changing output on comparator.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ETOOCRy (0019y) | | ETOOCR, (0018y) ]

Read/Write (Initial value: 0000 0000 0000 0000)

ETOOCR |
(0018, 19y)

Note 1: Data written on address (0018y), does not reach lower byte of the ETCO compare register until data on
upper byte of it is set because of buffering. Writing only to lower bite is not allowed.

Note 2: The lower byte of the ETCO register and the lower byte of the ETCO compare register share their buffering
register. Therefore, do not execute write instruction against the ETCO register, between writing on lower

byte of the ETCO compare register and upper byte of it.

Figure 2-33. Registers on Extended Timer-Counter 0 (2/2)
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2.7.3 Source Clock

The source clock for the extended timer-counter (ETCO) has 2 sorts of operating mode: the free-running
mode whose source clock is provided from internal clock, and event-counter mode whose source clock is
provided from external clock (through terminal ETCO).

Source Clock and Accuracy for ETCO (at fcgck =8 MHz, fs =32.768 kHz)

. Accuracy
Operating Mode Source Clock Edge
(fcgek) (fs)
Free Running Internal Rising 500nst032 s | 122 45103.91 ms
Timer

Risi

Event Counter ETCO terminal . |Is||'ng or 1 us or more 244 us or more
alling

(1)  Free Running Timer Mode

The internal clock increase the extended timer-counter (ETCO). The interrupt INTETO is requested
when the counter reaches FFFFy, meanwhile the counter is still counting up. The source clock is
selected on the bit ETOCKS in ETCO control register (ETOCR). The counter becomes event-counter
mode if ETOCKS=%“111". In order to generate interrupt after a certain period, subtract a rate from
FFFFy and set its result on the ETCO register (ETOR). The ETOR is cleared if 0000y is written on
ETCOR. Both writing and reading against the ETOR are available, while the counter is in motion or
halt. By executing read instruction against the ETOR, the current rate on the counter is extracted.
Notice that reading and writing against the ETOR should be done from lower byte to upper byte
consecutively.

Since the counter extract the whole data for the ETOR as data is written on upper byte, the exclusive
writing against lower byte of ETOR is not valid. As for reading, data on the counter is latched on
reading against lower byte.

Example 1: Generate interrupt of ETCO in 8 s, from source clock of fs/4 (fs=32.768 kHz)

LD (ETOCR), 00000001B ;  Stop the counter, and assign fs/2? to source clock
LD (ETOR), 0000H ;  Set timer register (8 s+ 122 us=FFFFy)

DI

SET (EIRH).2 ;  Enable interrupt INTETO

EI

SET (ETOCR).7 ;  ETCO start

Example 2: Generate interrupt of ETCO in 256 us, from source clock of fegek/8
(fcgck =8 MHz, DV1CK =0)

LD (ETOCR), 00000001B ;  Stop the counter, and assign fegek/8 to source clock
LDW (ETOR), OFEFFH ;  Set timer register (FFFFyg —100g)
DI
SET (EIRH) .2 ;  Enable interrupt INTET0
EI
SET (ETOCR).7 ;  ETCO start
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ETOS —I I_I I_

ETOR-WR I-I

ETOR
INTETO |: |
1 1 ) 1
ETOCR ETOR Counter STOP Counter overflow
Set for free running mode Write 0000y write “0” on ETOS & generates interrupt
count-up start Note: ETOS is a bit located on ETOCR

(2)

Figure 2-34. Example for Free-running mode operation

Table 2-13. ETCO Internal clock (fc =8 MHz, FCGCK =000, fs =32.768 kHz)

ETOCKS NORMAL 1/2, IDLE 1/2 mode SLOW, SLEEP mode
Accuracy Range Accuracy Range

000 500 ns 32.77ms - -
001 1us 65.54 ms 122.0 8 8s
010 2 us 131.07 ms 2441 ps 16s
011 4 us 262.14 ms 488.3 us 32s
100 8 us 524.29 ms 976.6 us 64s
101 16 us 1.05s 1.953 ms 1285
110 32 us 2.10s 3.906 ms 256s

Note: ETOCKS is a group of bits, which manages the source clock of ETCO.

Event-counter Mode

The edge of ETCO terminal input increase the extended timer-counter (ETC0). The counter becomes
event-counter mode if ETOCKS =“111",

In order to utilize event-counter mode, set ETCO terminal to input mode on P1ICR. The type of
capturing edge, either rising or falling, can be selected on ETOES located on bit 3 on ETOCR. The
counter operates similar to free running counter mode, except for the source clock: internal clock or
terminal input.

Example: Generate interrupt of ETCO after counting 100 (64p) times of rising edge

CLR (ETOCR). 7 ;  stops the counter

CLR (P1CR).2 ;  sets P12 (ETCO) for input

LD (ETOCR), 07TH ; event counter mode, detecting rising edge
LDW (ETOR), OFF9BH ;  sets timer register (FFFFy to 0064p)

DI

SET (EIRH). 2 ; enables interrupt INTET0

EI ;

SET (ETOCR). 7 ; starts the counter

Note: Altering source clock and edge type under event counter mode is allowed only if the extended
timer has been stopped.
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Since ETCO input terminal has digital noise cancellor, only pulse width of 2 machine cycles or longer is
accepted. Pulse width of 1 machine cycle or shorter is neglected. It is unstable to acknowledge pulse
width of between 1 and 2, as valid input.

(input pulse width) < (1 machine cycle) — not counted

(1 machine cycle) = (input pulse width) < (2 machine cycles) — counted or not counted
(depend on timing)
(2 machine cycle) = (input pulse width) — counted

4/fegck =1 machine cycle (0.5 xs at fegck =8 MHz)

After detecting a rising (falling) edge, it is required to detect falling (rising) edge before detecting
another rising (falling) edge.

Machine cycle

1st 2nd PoIst 1 2nd i Ist st st 1 2nd ¢ st ¢ 2nd ! st ! 2nd
: detection: detection : detection : detection: detection: detection: detection: detection: detection: detection: detection: detection

ETCO

Signal sampled I : | I : | |
from ETCO ' '

ETOR n X n+1 X n+2 X n+3

Figure 2-35. Edge Filtering in Event Counter Mode (Rising Edge Detection)

[(Q (¢ [(Q (¢

ETOS on ETOCR I noN N IB);
Signal sampled | | | | | I « Ss_I I I I |_| Lﬁs SSI_I_
from ETCO ' )

[CQ (¢ (
§
/1 X 2 S‘: FFFE X FEFE \ 0 A 1 SS;FFFEX FFFF

ETOR : "

INTETO interrupt i £ 55 I: I £ |_I—
) ) 1 )
Set ETOS on ETOCR Overflow Continues counting Overflow interrupt
Ready to count interrupt generated generated

(a) Interrupt generated after detection of FFFF event counts

ETOS on ETOCR | 5
Signal sampled I_I_“ SSl I—
from ETCO : I I_I I_I

§

/ | FFAD X FFAE X FFAF X FFBO « FFFE X FFFF
ETOR — §
INTETO interrupt . I -
1 1 1 1 )
Set FFADy  Ready to count Start count-up Continues counting Overflow interrupt
on ETOR generated

(b) Interrupt generated after detection of 52 event counts

Figure 2-36. Example of Event Counter Mode Operation (ETCO Rising Edge Detection)
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2.7.4 Capturing input, Output comparing

The extended timer-counter (ETCO) involves terminals for capturing input IC0O (P36) and output
comparing OCO0 (P37). Both IC0O and OCO0 are available for general input/output ports if they are not
involved in the extended timer-counter (ETCO).

Capturing input and Output comparing Functions

Shared function Operation Accuracy Data register

Rising edge
Capture input P36 Falling edge 2
Both edges

“1" output Depend on timer

“0" output
Output compare P37 1
toggle

NOP

When capturing input function is to be used, assign input mode to P36 (set “0” on bit6 on P3CR). When
output comparing function is to be used, assign output mode to P37 (set “1” on bit7 on P3CR) after P37
output latch (bit7 on P3DR) is set to “1”.

(1) Capturing input

It is the function to measure matters, such as pulse width, frequency or duty.

At the time the capturing acknowledged input changed, the contemporary rate on the extended timer-
counter (ETCO) is loaded on the capture register. The capturing contains a digital noise-cancellor
circuit in its block. A stable pulse of fegek/8 or longer is required in order to inform the hardware of
input, otherwise the pulse would not be acknowledged normally. Since the rate on the extended timer-
counter (ETCO) is loaded on the capture register after the capturing samples every fegek/4 with
sampling clock, there is a lag of fegek/4 to fegek/8 between terminal input and capture register record.
After detecting edge, the following capture operation is prohibited, until the data on the capture
register ETOICA. As for reading ETOICA, read lower byte first then read upper byte.

The capturing operates normally regardless of overflow of the counter, since the counter is still
counting-up after overflow.
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fegek/a
16-bit up counter >
source clock | I I_I I_I |_| I_l |_|
ETOR :X n X n+1 X n+2 X n+3 X n+4 X n+5
10 _I (Note) !
Sampling clock J—I I—I I—I I—I I—I I—I
1o : fcgck/8 I
shift value
ICO [V
Load signal
ETOICA /[ n+2
Note: Sampling clock for ICO input is fcgck/4, regardless of its source clock.

Figure 2-37. Example of Event Counter Mode Operation
(ICO rising edge detection, Source clock of fcgck/4)

Example 1: Capturing ICO on rising edge with ETCO

CLR (P3CR).6 ;  Assigns input mode to P36
LD (ETOMIO),0101+++xB ;  Enables capturing on rising edge

Example 2: Capturing positive pulse width IC0, with ETCO (without using ET0ICB)

CLR (P3CR). 6 ;  Assigns input mode to P36
DI
SET (EIRH). 3 ;  Enables individual interrupt enable flag for
INTICO
EI
LD (ETOMIO), 0111#+xxB  ; Enables capturing on both edges
LP: TEST (ILH).3 5 Waits until ICO rises (IL11 rises)
JR T, LP
DI
LD (ILH), F7TH ;  ClearsIL11
EI
LD A, (ETOICAL) ;  Reads ETOICA
LD W, (ETOICAH)
LP2: TEST (ILH).3 ;  Waits until ICO falls (IL11 rises)
JR T, LP2
SUB WA, (ETOICA) ;  Calculates pulse width and loads it on HL register
LD HL, 0000H
SUB HL, WA
DI
LD (ILH), F7TH ;  ClearsIL11
EI
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If the data “1” is set on register PME located on the address same as ETOICBL, the interrupt INTICO is
requested as the second valid edge is detected. As this interrupt is requested, the first detected time
(loaded on ET0ICB) and the second (loaded on ETOICA) can be read consecutively. PME is cleared to
“0” by hardware, after the edge is detected. Therefore, after the interrupt INTICO is requested, it is
required to set “1” on PME again in order to continue extracting the 2-word data on capture register. As
the second detected time (loaded on ETOICA) is read, the capture operation is enabled again.

As for extracting the 2-word data on capture register, read the first detected time (loaded on ETOICB)
before reading the second (loaded on ETOICA). In order to extract the 2-word data normally, the data
“1” should be set on PME before the first edge detection, if the capture operation has already been
enabled.

Example 8: Calculate (Second risen time) - (First risen time) and then calculate (Fourth risen time) -
(Third risen time), as for ICO input

CLR (P3CR).6 ;  AssignsICO to P36
SET (PME).0 ;  Rises PME (interrupt after second edge detection)
DI
SET (EIRH).3 ;  Enables individual interrupt enable flag for
INTICO
LD (ETOMIO),0101----B ;  Enables capturing on rising edge
EI
LP. JR LP
IC0: SET (ETOICBL).0 ;  Raises PME (interrupt after second edge detection)
LD HL,(ET0ICBL) ;  Reads the first (third) detected time
LD BC,(ET0ICAL) ;  Reads the second (fourth) detected time,
;  Enables capturing again
SUB BC,HL ;  Calculates time
RETI
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(2) OutputComparing

The output level alters at the time stated. The output mode is selected on the bits OCMODE on register
ETOMIO whether to be output “1”, output “0”, invert or NOP.

The initial value that the comparator outputs is set on bit OCID in register ETOMIO. Once the
comparator is enabled, namely during comparison, bit OCIDEN should be cleared to “0” for fear that
other than data matching alter OCO output.

The time to alter output is set on the ETCO compare register (ETCOOCR). This register should be
consecutively written from the lower byte to the upper. As the upper byte is set, the 2-byte data is
loaded on the ETCOOCR effectively. Writing only to the lower byte is prohibited.

As the rate of the timer-counter and comparator matches, the stated data depends on OCMODE is
output on P37, and the interrupt INTOCO is requested.

If OCMODE has been set for NOP, the terminal keeps its value and only the interrupt request is
required. If OCMODE has been “11”, the terminal inverts its output value.

111 ”

Note: While the timer-counter is not in motion (ETOS = “0”), the comparator outputs
of the rate on register ETOMIO.

regardless

ETOR n-6 Xn—5Xn—4Xn—3Xn—2Xn—‘I X Vn Xn+1 Xn+2Xn+3 Xn+4

ETOOCR n

0OCO terminal I
output H
INTOCO I I
interrupt :

Data matches, terminal output changes as stated.
interrupt requested

(a) 0OCO: "1" (OCMODE = “01") mode

ETOR n-6 Xn-5Xn-4Xn-3Xn-2Xn-1X _n Xn+1 Xn+2 X'n+3 Xn+4

ETOOCR n

OCO0 terminal
output

INTOCO |_|

interrupt

Data matches, terminal output is kept.
interrupt requested

(b) OCO: NOP (OCMODE = “11") mode

Figure 2-38. Examples for comparing operation
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Example 1: Change OCO output from “0” to “1” when ETOR=0C80y. (“1” output mode)

SET (P3DR).7

SET (P3CR).7 ; assigns OCO output mode to P37

LDW (ETOOCRL),0C80H ; setstime for changing output

LD (ETOMIO), 1---0101B ; initializes OCO to “0” and assign “1” output mode to it
CLR (ETOMIO).7 ;  prohibits OCID revising

Example 2: Change OCO output from “1” to “0” when ETOR =0C80g. (toggle output mode)

SET (P3DR).7

SET (P3CR).7 ; assigns OCO output mode to P37

LDW (ETOOCRL),0C80H ; setstime for changing output

LD (ETOMIO),1---1111B ; initializes OCO to “1” and assigns toggle output mode to it
CLR (ETOMIO).7 ;  prohibits OCID revising

Example 3: Output the pulse with “0” for 1ms and “1” for 2ms, through OCO terminal. (at
fegek =8[MHz])

LD (ETOCR),01H ;  seleets fegek/8 (1us) for source clock

LDW (ETOR), 0000H ; clears the counter

LD BC,03E8H ;  substitutes “0” width (1 ms) for BC

LD DE,07D0H ;  substitutes “1” width (2 ms) for DE

LD WA, 03E8H ;  substitutes “initial value” width (1 ms) for WA

SET (P3DR).7

SET (P3CR).7 ; assigns OCO output mode to P37

LD (ETOOCRL), A

LD (ETOOCRH), W ;  sets time for changing output

LD (ETOMIO), 1---0111B ; initializes OCO to “0” and assigns toggle output mode to it

CLR (ETOMIO).7 ;  prohibits OCID revising

SET (ETOCR).7 ;  ETCO starts counting
OUTO:

ADD WA,DE ; calculates time to change output from “1” to “0”
LP:

TEST (ILH).4 ;  waits for changing output from “0” to “1” (sets IL12)

JR T,LP

DI

LD ((ILH),0EFH ;  clearsIL12

EI

LD (ETOOCRL), A

LD (ETOOCRH), W ; sets time for changing output from “1” to “0”
OUT1:

ADD WABC ; calculates time to change output from “0” to “1”
LP1:

TEST (ILH).4 ;  waits for changing output from “1” to “0” (sets IL12)

JR T,LP1

DI

LD (JLH),0EFH ;  clearsIL12

EI

LD (ETOOCRL), A

LD (ETOOCRH), W ;  sets time for changing output from “0” to “1”

JR  OUTO

Example 4: Generate only interrupt request when ETOR =0C80H: without OCO terminal output.

LDW (ETOOCRL),0C80H ; setstime for interrupt request
LD (ETOMIO),1---1100B ; initializes OCO to “1” and assigns NOP output mode to it
CLR (ETOMIO).7 ;  prohibits OCID revising
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2.7.5 Interrupting

There are 3 sorts of interrupt requesting: for extended timer (INTETO), for capture input INTICO) and
for output compare (INTOCO).

(1) INTETO
The interrupt requesting is generated as the counter reaches FFFFy; meanwhile the counter is still
counting up.

(2) INTICO

Interrupt requesting is triggered by capture input pin (IC0). The interrupt is requested when the timer
value at edge detection is loaded on the capture register.

(3) INTOCO

Interrupt requesting is triggered by comparator. The interrupt is requested when the rate of the timer-
counter and comparator matches.
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2.8 UART (Asynchronous serial interface)

The TMP86CHO6 has 2 channels of UART (asynchronous serial interface).

The UART is connected to external devices via RxD and TxD. RxDO0 and RxD1 are also used as P43 and
P46, respectively ; TxD0 and TxD1 as P44 and P47 respectively. To use P44 or P47 as the TxD pin, set
corresponding bit in P4 port output latches to 1 and set the terminal to output mode.

To use P43 or P46 as the RxD pin, set the terminal to input mode respectively.

Notice that P43 (RxD0) and P44 (TxDO0) are also used as syncronized serial interface (SIO) ; the ch.0 of
UART is not available when the syncronized serial interface is utilized.

2.8.1 Configuration

4 4 {0

UART control register1  Transmit data buffer Receive data buffer
| UARTCRA | | Tosur |
|
Y —
3 12 __;| Sift register | | |

< HE

Parity bit |

Stop bit

Transmit i Siftregister Receive
INITX control control
circuit circuit

—| Noise rejection circuit l—ﬂ RxD

INTRX % 0 ™D
Y
Transmit/receive clock M A /28
i Aieiaiieiel) ittt 1 P B f¢/2
s i X o< fu2s
fc13 >Ha ! S
fa/26  >Hs ! £ (4 b
/52 >HC |\, i -
f/104 >Hp Y| Counter ! UARTSR | | UARTCRB |
fc/208 >HE |
fc/416 >_i_ F X i UART status register UART control register B
INTTCO >Ho ! @ ﬁ
fa96  >HH Baud rate generator i

Note: MPX = Multiplexer

Figure 2-39. UART
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2.8.2 Control

UART is controlled by the UART control registers (UARTCRA, UARTCRB). The operating status can
be monitored using the UART status register (UARTOSR, UART1SR).

UART Control Register
7 6 5 4 3 2 1 0
oA [7xe [ Rxe [sTeT [even] pe | \BRG | | (Initial value: 0000 0000)
000: fc/13 [Hz]
UART1CRA 001: fc/26
(001Ew) 010: fe/52
. 011: fc/104
BRG Transmit clock select 100 /208
101: fc/416
110: INTTCO (8-bit timer counter TCO interrupt)
111: fc/96
PE  |Parity addition 0: No parity Write
1: Parity only
. 0: Odd-numbered parity
EVEN Even-numbered parity 1: Even-numbered parity
. . 0: 1 bit
STBT Transmit stop bit length 1: 2 bit
. . 0: Disable
RXE Receive operation 1: Enable
. 0: Disable
TXE Transfer operation 1+ Enable
Note 1: When operations are disabled by setting TXE and RXE bit to "0”, the setting becomes valid when data
transmit or receive complete. When the transmit data is stored in the transmit data buffer, the data are
not transmitted. Even if data transmit is enabled, until new data are written to the transmit data buffer,
the current data are not transmitted.
Note 2: The transmit clock and the parity are common to transmit and receive.
Note 3: UARTOCRA and UART1CRA are a write only register and must not be used with any of the read-modify-
write instructions.
Note 4: Do not switch the transmit clock during transmit operation.
7 6 5 4 3 2 1 0
LR N S R S |_RXQNC _stops] (initial value: x+++ x000)
. . 0: 1 bit
UART1CRB STOPBR | Receive stop bit length 1+ 2 bit
1F, - — —
(007Fw) 00: No noise rejection (hysteresis input) Write
RxDNC Selection of RxD input noise 01: Rejects pulses shorter than 31/f¢ [s] as noise only
rejection time 10: Rejects pulses shorter than 63/fc [s] as noise
11: Rejects pulses shorter than 127/f¢ [s] as noise
Note 5: When RxDNC =01, pulses longer than 96/fc [s] are always regarded as signals ; when RxDNC = 10, longer
than 192/fc [s] ; and when RxDNC = 11, longer than 384/fc [s]
Note 6: The following types of clocks are available for transmitting, while the clock gear is utilized.
Note 7: UARTOCRB and UART1CRB are a write only register and must not be used with any of the read-modify-
write instructions.
fegek [Hz]
BRG Clock Rate fc T2 T4 8 | fdi6 | fa32
000 fc/13 Enable | Disable | Disable | Disable | Disable | Disable
001 f¢/26 Enable Enable | Disable | Disable | Disable | Disable
010 f¢/52 Enable Enable Enable Disable | Disable | Disable
011 fc/104 Enable Enable Enable Enable | Disable | Disable
100 1¢/208 Enable Enable Enable Enable Enable | Disable
101 fc/d16 Enable Enable Enable Enable Enable Enable
111 ¢/96 Enable Enable Enable Enable | Disable | Disable
Figure 2-40. UART control register
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UART Status Register
7 6 5 4 3 2
UARTOSR
(001Ay) | PERR | FERR |OERR| RBFL [TEND [ TBEP | (Initial value: 0000 11+%)
UART1SR :
(001ER) TBEP  |Transmit data buffer empty flag | 0% ~ _
1: Transmit data buffer empty
TEND Transmit end flag 0: Transm!ttmg
1: Transmit end
. 0: -
RBFL R ffer full fl Read
eceive data buffer full flag 1: Receive data buffer full only
OERR Overrun error flag 0: No overrun error
1: Overrun error
FERR Framing error flag 0: No frfammg error
1: Framing error
PERR Parity error flag 0:No Parlty error
1: Parity error
UART Receive Data Buffer
7 6 5 4 3 2 1 0
RDOBUF
(001Cy) | . , . . . . ) | (Initial value: ---- ---- ) Read-only
RD1BUF
(001Dy)
UART Transmit Data Buffer
7 6 5 4 3 2 1 0
TDOBUF
oocy [ ] (nitialvalue: 0000 0000)  Write-only
2-0%11?315 Note: TDOBUF and TD1BUF are a write only register and must not be used with any of the read-modify-write
instructions.

Figure 2-41. UART status register and Data Buffer Registers
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2.8.3 Transfer Data Format

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

Table 2-14. Transfer Data Format

PE

STBT Frame length
|1|2|3| ——————— |8|9|10|11

0 T\ _stert {Bito Y Bit1 X----- X Bit6 X Bit7 Y stopi

1 _\ Start ‘ Bit0 x Bit 1 x ————— x Bit6 x Bit7 y Stop1  Stop2

o || T\t (Bito X Bit1 X=----X Bite_X Bit7_X Parity ¥ Stopt

1 "\ start £7Bito X Bit] X----ZX Bit6 X Bit7 X Parity ¥ Stop1

Stop2

Note: To switch the transfer data format at times other than initial setting, follow the transition

sequence shown below as a deadlock may be caused in data transfer.

Without parity/1 STOP bit

i N\,

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

AN /4

With parity/2 STOP bit
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2.8.4 Transfer Rate

The baud rate of UART is set of BRG (bit 0, 1, and 2 in UARTCR1) . The example of the baud rate
shown as follows.

Table 2-15. Transfer Rate (Example)

Sourse clock
BRG
16 MHz 8 MHz 4 MHz

J 000 g 76800 [baud] | 38400 [baudl | 19200 baud]

001 38400 19200 9600
o0 || 19200 | 900 | 800
ot || o600 | 4as0 | 200
00 || 00 | 2200 | 1200
o1 | 2200 | 1200 | 600

‘When INTTCO is used as the UART transfer rate (when BRG=110), the transfer clock and transfer rate
are detarmined as follows:

TCO source clock

Transfer clock =
TTREGO set value
Transfer clock
Transfer rate = 16

2.8.5 Data Sampling

The UART receiver keeps sampling input using the clock selected by BRG (bit 0, 1, and 2 in UARTCRA)
until a start bit is detected in RxD pin input. RT clock starts at the falling edge of the RxD pin. Once a
start bit is detected, the start bit, data bits, stop bit(s), and parity bit are sampled at three times of RT7,
RT8, and RT9 during one receiver clock interval (RT clock). (RTO is the position where the bit
supposedly starts) . Bit is determined according to majority rule (the data are the same twice or more

out of three samplings) .
RxD pin \ Start bit A Bit0
RTO 1 2 3 45 6 7 8 9 1011121314150 1 2 3 4 5 6 7 8 9 10 11
RT clock
l l l | ||
Internal receive data \ Start bit /( Bit0 YV

a) Without noise rejection circuit

RxD pin | \ Start bit A Bit0 X:

RTO 1 2 3 45 6 7 8 9 1011121314150 1 2 3 4 5 6 7 8 9 1011

RT clock

Internal receive data \ Start bit l l l A__Bit0 vvy

b) With noise rejection circuit

Figure 2-42. Data Sampling
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2.8.6 STOP BitLength
Select a transmit stop bit length (1 or 2 bits) by STBT (bit5 in UARTCR1)
2.8.7 Parity
Set parity/no parity by PE ; set parity type (odd-or even-numbered) by EVEN (bit 4 in UARTCRA).
2.8.8 Transmit/Receive
(1) Data transmit

Set TXE (bit 7 in UARTCRA) to 1. Read UARTSR to check TBEP=1, then write data in TDBUF
(transmit data buffer). Writing data in TDBUF zero-clears TBEP, transfers the data to the transmit
shift register and the data are sequentially output from the TxD pin. The data output include a one-bit
start bit, stop bits whose number is specified in STBT (bit 5 in UARTCRA) and a parity bit if parity
addition is specified. Select the data transfer baud rate using bits 0 to 2 in UARTCRA. When data
transmit starts, transmit buffer empty flag TBEP is set to 1 and an INTTX interrupt is generated.
When transmitting data, first read UARTSR, then write data in TDBUF, Otherwise, TBEP is not zero-
cleared and transmit does not start.

(2) Datareceive

Set RXE (bit 6 in UARTCRA) to 1. When data are received via the RxD pin, the receive data are
transferred to RDBUF (receive data buffer). At this time, the data transmitted include a start bit and
stop bit(s) and a parity bit if parity addition is specified. When stop bit(s) are received, data only are
extracted and transferred to RDBUTF (receive data buffer). Then the receive buffer full flag RBFL is set
and an INTRX interrupt is generated. Select the data transfer baud rate using bits 0 to 2 in UARTCRA.
If an overrun error (OERR) occurs when data are received, the data are not transferred to RDBUF
(receive data buffer) but discarded; data in the RDBUF are not affected.

Note: Setting RXE bit to “0” causes data receive to stop after the data transfer currently being
received has completed. However, if a flaming error occurs in this last transfer, the data
receive stop state may not be entered. Therefore, if a flaming error occurs, be sure to perform
the receive operation again.

2.8.9 Status Flag/Interrupt Signal
(1) Parity error

When parity determined using the receive data bits differs from the received parity bit, the parity error
flag PERR is set in UARTSR. Reading UARTSR then RDBUF clears PERR.

RxD pin X Parity y Stop

Shift register XXXX0% X PXXXX0% X 1pxxxx0

PERR o/ Reading UARTSR then RDBUF
. clears PERR.
INTRX n

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

When 0 is sampled as the stop bit in the receive data, framing error flag FERR is set. Reading UARTSR
then RDBUF clears FERR.

RxD pin X Final bit N\ stop

Shift register XXx0# X xocxx0x X 1xxxx0

FERR / Reading UARTSR then RDBUF

: clears FERR.
INTRX M

Figure 2-44. Generation of Framing Error
(3) Overrun error

When all bits in the next data are received while unread data are still in RDBUF, overrun error flag
OERR is set. In this case, the receive data is discarded ; data in RDBUF are not affected. Reading
UARTSR then RDBUF clears OERR.

RBFL="H"

RxD pin X Final bit Y stop

Shift register XXX0* X XXXX0% X 1xxxx0
y

RDBUF yyyy

OERR / Reading UARTSR then RDBUF

: clears OERR.
INTRX rl

Figure 2-45. Generation of Overrun Error
(4) Receive data buffer full

Loading the received data in RDBUF sets receive data buffer full flag RBFL. Reading UARTSR then

RDBUF clears the RBFL.
RxD pin X Final bit y Stop
Shift register XXX0# X XXXX0% X 1xxxx0
LY
RDBUF yyyy X XXXX

RBFL / Reading UARTSR then RDBUF

: clears RBFL.
INTRX 1

Figure 2-46. Generation of Receive Buffer Full
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(5) Transmit data buffer empty
When no data is in the transmit buffer TDBUF, TBEP is set, that is, when data in TDBUF are
transferred to the transmit shift register and data transmit starts, transmit data buffer empty flag
TBEP is set. Reading UARTSR then writing the data to TDBUF clears TBEP.
l Data write l Data write
TDBUF XXXX X yyyy - x 22722
Shift register sk | X 1xxxx0§ X *TXXXX X:——— x Fxkk X X - X '77770 : :
TxD pin \ Start Bit 0 - x Final bit }‘ Stop \ Start ‘
TBEP _/_\ — T\
Afterireading UARTSR, writing
INTTX M — [1 TDBUF clears TBEP.
Figure 2-47. Generation of Transmit Buffer Empty
(6) Transmitend flag

When data are transmitted and no data is in TDBUF (TBEP =1), transmit end flag TEND is set.
Writing data to TDBUF then staring data transmit clears TEND.

Transmit clock I-I I-I I-I I-I I-I I-I I-!

Shift register wxk XX X wxxx X X ks | X 1yyyy0 K *Tyyyy
i ! i
1

TxD pin X y Stop i\ Start |,< Bit0
[}

Data writing to TDBUF *«

TBEP

s

TEND

INTTX

Figure 2-48. Generation of Transmit Buffer Empty
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2.9 Serial Interface (S10)

The TMP86CHO6 has one clocked-synchronous 8-bit serial interface. Serial interface have an 8-byte
transmit and receive data buffer that can automatically and continuously transfer up to 64 bits of data.
The serial interfaces are connected to external devices via pins P44 (SO), P43 (SI), P42 (SCK). The
serial interface pins are also used as port P4. When used as input pins, the input pins should be set to
the input mode. When used as output pins, beforehand the output pins should be set to the output mode,
and output latch should be set to “1”. In the transmit mode, pin P43 can be used as normal I/O port, and
in the receive mode, the pin P44 can be used as normal I/0O ports.

2.9.1 Configuration

CPU
!
SIOCR1/SIOSR SIOCR2 1
T T T T T T T T T :
1 1 1 1 1 | | 1 1 1 1 | :
|
Transmit and receive 1
! data buffer i
(8 bytes in DBR) i
o Buffer control i
Control circuit circuit '
1
i
I
Shift register i
7 6 5 4 3 2 1 0 i
Shift SO pin
clock L L ')[;]Serial data output
8-bit transfer 4-bit transfer LSl pin
) ¢|Seria| data input
1
INTSIO interrupt request Serial clock H SCK pin
Serial clock I/O

Figure 2-49. Serial Interfaces

2.9.2 Control

The serial interfaces are controlled by SIO control registers (SIOCR1/SIOCR2). The serial interface
status can be determined by reading SIO status register (SIOSR).

The transmit and receive data buffer is controlled by the BUF (bits 2 to 0 in SIOCR2). The data buffer is
assigned to address 0028y to 002Fy for SIO in the DBR area, and can continuously transfer up to 8
words (bytes or nibbles) at one time. When the specified number of words has been transferred, a buffer
empty (in the transmit mode) or a buffer full (in the receive mode or transmit/receive mode) interrupt
(INTSIO) is generated.

When the internal clock is used as the serial clock in the 8-bit receive mode and the 8-bit
transmit/receive mode, a fixed interval wait can be applied to the serial clock for each word transferred.
Four different wait times can be selected with WAIT (bits 4 and 3 in SIOCR2).
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SIO Control Register 1
s10C 6 5 4 3 2 1 0

R1
(0026,) | SIOS [SIOINH |

SIO Status Register

_Slom | SCK | (nitial value: 0000 0000)
SI0S Indicate transfer 0 Stop
start/stop 1: Start
SIOINH Continue/abort 0: Continue transfer
transfer 1: Abort transfer (automatically cleared after abort)
000: 8-bit transmit mode
010: 4-bit transmit mode
SIOM Transfer mode select | 100: 8-bit transmit/receive mode
101: 8-bit receive mode
110: 4-bit receive mode .
Write
NORMAL1/2, IDLE1/2 mode SLOW, only
DV7CK=0,DVCK=00 | DV7CK=1,DVCK=00 | (Note4) SLEEP
DVICK=0|DVICK=1|DV1CK=0 [DVICK=1 mode
000 fc/23 fe/2™ fs/2° fs/25 DV10/2 fs/2°
001 fc/28 fc/2° fc/28 fc/2° DV5/2 -
SCK Serial clock select 010 fc/2’ fe/28 fe/2’ fes28 DV4/2 -

011 fc/2° fc/2” fc/2° fc/2’ DV3G/2 -
100 fc/2° fc/2¢ fc/2° fc/2¢ DV2G/2 -
101 |2 (Note 5)|  fe/2®  [(Fe2® (Note 5))|  fe/2° DV1G/2 -
110 Reserved _
111 External clock (input from SCK pin)

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

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

Note 3: SIOCR1 is a write-only register and must not be used with any of the read-modify-write instructions.

Note 4: When selecting DV1G, DV3G, DV4, or DV5 for the serial clock, check Table 1-1 in Section 1, 5, 3, “Timing
Generator,” to see that the divider output is possible (marked with O). if the divider output is impossible (marked
with x), do not choose the serial clock.

Note 5: When DVCK = "00”, fc/2* cannot be selected for the operating clock.

7 6 5 4 3 2 1 0
{00373 v v L L n M L Gnitial value: 0011 1111)
sioF | Serial transfer operating 0: Transfer terminated ( Alfter Sdl(gs jﬁot},'eatl'tehd ttO “o”, SLQF is)
1 . H Cleared to a e termination
status monitor 1: Transfer in process of transfer or setting of SIOINH. Read
Shift operating status 0: Shift operation terminated only
SEF . : on.
monitor 1: Shift operation in process
SIO Control Register 2
4 3 2 1 0
SIOCR2 .
WAIT BUF .
002719 : , | (nitial value: ++x0 0000)
Always sets “00” except 8-bit transmit/receive mode.
00: T+ =Tp (non-wait)
WAIT Wait control 01: T¢ =2Tp )
10: T =4Tp :| (wait)
1:T¢ =8Tp
Buffer address used
SIO Writ
000: 1 word transfer 0028y e
001: 2 words transfer 0028 to 0029 only
010: 3 words transfer 0028 to 002Ay
BUF | Numberoftransferwords | 01927 (ords transfer 0028y to 002B,
100: 5 words transfer 0028, to 002C
101: 6 words transfer 0028y to 002Dy
110: 7 words transfer 00284 to 002Ey
111: 8 words transfer 00284 to 002Fy
Figure 2-50. SIO Control Registers and Status Registers (1/2)
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Note 1:

Note 2:

Note 3:

Note4:
Note 5:
Note 6:
Note 7:

saepin W LT

Ts:frame time, Tp:  datatransfer time

e

)] IJ_I_I_

To

Ts

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

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

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

SIOCR2 must be set when the serial interface is stopped (SIOF =0).

SIOCR2 is a write-only register and must not be used with any of the read-modify-write instructions.

*: Don’t care

(1) Serial Clock

a. Clock Source

Figure 2-50. SIO Control Registers and Status Registers (2/2)

SCK (bits 2 to 0 in SIOCR) is able to select the following:

@ Internal Clock

Any of four frequencies can be selected. The serial clock is output to the outside on the SCK pin. The
SCK pin goes high when transfer starts.
In order to extract internal clock, set the output latch of P42 to “1” and set the terminal to output

mode.

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

Table 2-16. Serial Clock Rate
(DVCK = "01", fc = 16 MHz, fs = 32.768 kHz)

NORMAL1/2, IDLE1/2 Mode

DV7CK=0 DV7CK =1 SLOW, SLEEP Mode
SCK Clock Baud rate Clock Baud rate Clock Baud rate
000 fer2 1.91 Kbps fs/2° 1024 bps fs/2° 1024 bps
001 fe/28 61.04 Kbps fe/28 61.04 Kbps — —
010 fe/2’ 122.07 Kbps fer2’ 122.07 Kbps — —
011 fc/2° 244.14 Kbps fc/2¢ 244.14 Kbps —_ —_
100 fa/28 488.28 Kbps fc/2° 488.28 Kbps — —
101 fe/2° 488.28 Kbps fe/2° 488.28 Kbps — —
110 . e . e e —
111 External External External

Note: 1 Kbps = 1024 bps
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automatically

wait function |
SCK pin output IllJI_II_l uI_IUI_II_Iu
SO pin output \ Ao X a X a X az
/4

Written transmit a X
data to the DBR

A
/ el
b

Figure 2-51. Clock Source (Internal Clock)
@ External Clock

An external clock connected to the SCK pin is used as the serial clock. In this case, the P42 (SCK)
must be set to the input mode. To ensure shifting, a pulse width of at least 4 machine cycles is
required. This pulse is needed for the shift operation to execute certainly. Actually, there is
necessary processing time for interrupting, writing, and reading. The minimum pulse is determined
by setting the mode and the program.

sckpininput [ L[ L[ LI

-

tsekL tsckH

tsekL, tsekn > 4 teye Note: tcyc = 4/fcgck (In NORAML1/2, IDLE1/2 modes)
4/fs (In SLOW, SLEEP modes)

b. Shift edge
The leading edge is used to transmit, and the trailing edge is used to receive.
D Leading Edge

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

(@ Trailing Edge

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

SCK pin S [ S I N B A
SO pin \ Bito X Bit1 X Bit2 X Bit3

Shift register X 3210 X *321 X #%32 X )
(a) Leading Edge

SCK pin L+ L L1 L1
Sl pin X B:itO X Bit1 X Bit2 X Bit3

Shift register ik X osex X 10e X 210+ X'3210
(b) Trailing Edge

Note: =+ :Don’tcare

Figure 2-52. Shift Edge
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(2) Number of Bits to Transfer

Either 4-bit or 8-bit serial transfer can be selected. When 4-bit serial transfer is selected, only the lower
4 bits of the transmit/receive data buffer register are used. The upper 4 bits are cleared to “0” when
receiving.

The data is transferred in sequence starting at the least significant bit (LSB).

(3) Number of Words to Transfer

Up to 8 words consisting of 4 bits of data (4-bit serial transfer) or 8 bits (8-bit serial transfer) of data can
be transferred continuously. The number of words to be transferred is loaded to BUF.

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

SCK pin u u u |—|
SO pin \ aop X a X az X as

INTSIO interrupt "

(a) 1Word Transmit

SO pin \ 20 X ar X a Xa X bo X bt X by X bs Xco X X2 X3

INTSIO interrupt "

(b) 3 Words Transmit

Sl pin X ao X ar X a X a3 X'bo X b1 X bo Xbs Xco Xt Xo Xz /

INTSIO interrupt "

(c) 3 Words Receive

Figure 2-53. Number of Bits to Transfer (Example: 4-bit serial transfer)
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(4) Transfer Mode
SIOM (bits 5 to 8 in SIOCR1) is used to select the transmit, receive, or transmit/receive mode.
a) 4-bit and 8-bit Transmit Modes

In these modes, the SIOCR1 is set to the transmit mode and then the data to be transmitted first are
written to the data buffer registers (DBR). After the data are written, the transmission is started by
setting SIOS to “1”. The data are then output sequentially to the SO pin in synchronous with the serial
clock, starting with the least significant bit (LSB). As soon as the MSB has been output, the data are
transferred from the data buffer register to the shift register. When the final data bit has been
transferred and the data buffer register is empty, an INTSIO (buffer empty) interrupt is generated to
request the next transmitted data.

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

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

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

The transmission is ended by clearing SIOS to “0” or setting SIOINH to “1” in buffer empty interrupt
service program. That the transmission has ended can be determined from the status of SIOF (bit 7 in
SIOSR) because SIOF is cleared to “0” when a transfer is completed.

When SIOINH is set, the transmission is immediately ended and SIOF is cleared to “0”.

If it is necessary to change the number of words, SIOS should be cleared to “0”, then BUF must be
rewritten after confirming that SIOF has been cleared to “0”.

When an external clock is used, it is also necessary to clear SIOS to “0" before shifting the next data;
otherwise, dummy data will be transmitted and the operation will end.
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‘e Clearsios

- -

SIOF _| \> |_

SOpin A OO OO0 0000000,
INTSIO interrupt "\ "
¥
bR _J a)f b
Ao

Write Write
(@ (b)

(a) Internal Clock

fe———Clearsi0§ ————————————>

SI0S fl |

SIOF _|

SCK pin (output)

S0 pin CaoXa X 22X aaX 20 X as X_2eX arX oo )X b1 )X b2 X bs X ba X bs X bs Xor/
INTSIO interrupt "-\ "
¥
DBR ZXa X b

Write Write
(a) (b)

(b) External Clock

Figure 2-54. Transfer Mode (Example: 8-bit, 1 Word Transfer)

SCK pin I I
SIOF |

SOpin  Bite X Bit7 : /

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

Figure 2-55. Transmitted Data Hold Time at End of Transmit
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b) 4-bit and 8-bit Receive Modes

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

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

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

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

The receiving is ended by clearing SIOS to “0” or setting SIOINH to “1” in buffer full interrupt service
program. When SIOINH is set, the receiving is immediately ended and SIOF is cleared to “0”. When
SIOS is cleared, the current data are transferred to the buffer. After SIOS cleared, the transmissions is
ended at the time that the final bit of the data being shifted has been output. That the transmission has
ended can be determined from the status of SIOF (bit 7 in SIOSR). SIOF is cleared to “0” when the
transmission is ended.

If it is necessary to change the number of words in external clock operation, SIOS should be cleared to
“0” then BUF must be rewritten after confirming that SIOF has been cleared to “0”.

If it is necessary to change the number of words in internal clock, during automatic-wait operation
which occurs after completion of data receive, BUF must be rewritten before the received data is read
out.

Note: The buffer contents are lost when the transfer mode is switched. If it should become necessary
to switch the transfer mode, end receiving by clearing SIOS to “0”, read the last data and then
switch the transfer mode.
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fe——— Clear SIOS —>

SIOS

SIOF

SEF

SCK pin output

Sl pininput

INTSIO interrupt

DBR Xa Xb

Read out Read out

Figure 2-56. Receive Mode (Example: 8-bit, 1 word, internal clock)

(3) 8-bit Transmit/Receive Mode

After setting the control registers to the 8-bit transmit/receive mode, write the data to be transmitted
first to the data buffer registers (DBR). After that, enable transceiving by setting SIOS to “1”. When
transmitting, the data are output from the SO pin at leading edges of the serial clock. When receiving,
the data are input to the SI pin at the trailing edges of the serial clock. 8-bit data are transferred from
the shift register to the data buffer register. An INTSIO interrupt is generated when the number of
data words specified with the BUF has been transferred. The interrupt service program reads the
received data from the data buffer register and then writes the data to be transmitted. The data buffer
register is used for both transmitting and receiving; therefore, always write the data to be transmitted
after reading the received data.

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

Note: An automatic-wait is also canceled by writing to a DBR not being used as a transmit data buffer
registers; therefore, during SIO do not use such DBR for other applications.

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

Clear SIOS to “0” to SIOINH to “1” in INTSIO interrupt service program to end transmit/receive mode.
The transmit/receive is ended at the time that the final bit of the data being shifted has been output.
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The end of transmit/receive can be determined from the status of SIOF (bit 7 in SIOSR). SIOF is cleared
to “0” when the transmit/receive is ended. When SIOINH is set, the transmit/receive is immediately
ended and SIOF is cleared to “0”.

If the number of words is to be changed during transfer, SIOS must be cleared to “0” and BUF is
rewritten after confirmed that SIOF clearing to “0”. The number of words can be changed during
automatic-wait operation of an internal clock. In this case, BUF must be rewritten before the final
transmitted/received data is read out.

Note: The buffer contents are lost when the transfer mode is switched. If it should become necessary
to switch the transfer mode, end receiving by clearing SIOS to “0”, read the last data and then
switch the transfer mode.

[fe—— ClearSI0s — >

SIOs

SIOF

SEF

SCK pin output

5O pin

Sl pin

INTSIO interrupt | N
DBR X = )@( b X d

Write (a) Read out (c) Write (b) Read out (d)

Figure 2-57. Transmit/Receive Mode (Example: 8-bit, Tword, internal clock)

SCK pin I I
SIOF |

SOpin Bit6 X B /

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

Figure 2-58. Transmitted Data Hold Time at End of Transmit/Receive
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Input/Output Circuitry
(1) Control Pins
The input/output circuitries of the TMP86CHO06 control pins are shown below.
Control Pin /0 Input/Qutput Circuitry Remarks
XEN _)__D)——> fc
Resonator connecting pins
VDD Wy VDD .
XIN Input R¢ ZRo (high-frequency)
XOuT Output R =1.2MQ  (typ.)
{ Ro =1kQ (typ.)
XIN XOUuT
s Resonator connecting pins
Wy (low-frequency)
XTIN Input VDD Ry - VDD Ry =qs MQy (typ.)
XTOUT Output 0 Ro =220k (typ)
XTIN XTOUT
VDD Sink open drain output
Rin Hysteresis input

RESET 1o Address-trap-reset @ Builtin Pull-up resistor

Watchdog-timer-rese < Ry =220kQ  (typ.)

System-clock-reset

VDD
% D4 Built in Pull-down resistor
1 Rin=70k .
TEST Input < ] N=70ka (typ)
Rin
VDD
_ 1 %
EA Input ~ ) D
Note: The TMP86PHO06 does not have a pull-down resistor (R;y) and a diode (D) for TEST pin. Be sure to fix the TEST pin to low
level in MCU mode.
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(2) Input/Output Ports
The input/output circuitries of the TMP86CHO06 input/output ports are shown below.
Port 110 Input/Output Circuitry Remarks
Initial “High-2" VDD Tri-state /0
Nch. High-currency output
PO I/0
Disable o-
pd!
~
TTL A
~
Initial “High-2" VDD Tri-state I/0
Hysteresis input
P1 l]e}
Disable
Initial “High-Z" Sink open drain output
P2 1o —>o—]
Hysteresis input
Initial “High-Z" VDD Tri-state /0
Hysteresis input
P3 110
Disable
Initial “High-2" VDD Tri-state /0O
—4 Hysteresis input
ODE @_I Programmable Open Drain
P4 /0 output
Disable =
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Electrical Characteristics

Absolute Maximum Rating (Vss=0V)
Parameter Symbol Pins Rating Unit
Supply Voltage Vbpp -0.3t06.5
Input Voltage VN -0.3toVpp+0.3 \
Output Voltage Vourt -0.3toVpp+0.3
IOUT1 P1to P4 3.2
Output Current
louts | PO 30 mA
2 louT 80
Output Current
2 louts 120
TMP86CHO6N 600
Power Dissipation (Topr =85°C) PD mwW
TMP86CHO6U 350
Soldering Temperature (Time) Tsld 260 (10s)
Storage Temperature Tstg -55t0 125 °C
Operating Temperature Topr -40to 85
Note: The absolute maximum ratings are rated values which must not be exceeded during operation, even for an instant.
Any one of the ratings must not be exceeded. If any absolute maximum rating is exceeded, a device may break down
or its performance may be degraded, causing it to catch fire or explode resulting in injury to the user. Thus, when
designing products which include this device, ensure that no absolute maximum rating value will ever be exceeded.
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Recommended Operating Conditions (Vss=0V, Topr = — 40 to 85°C)
Parameter Symbol Pins Conditions Min Max Unit
fc=16 NORMALT1, 2 mode as
MHz [ IDLEO, 1, 2 mode '
fc=8 NORMAL1, 2 mode .
MHz | IDLEO, 1, 2 mode '
Supply Voltage Vpp fc=4.2 NORMAL1, 2 mode 5.5 Vv
MHz IDLEOQ, 1, 2 mode 18
fs=32.768 SLOW1, 2 mode
kHz SLEEPO, 1, 2 mode
STOP mode 1.8
\Y Except hysteresis and TTL input Vpp x0.70
IH1 ter Vop 245V DD
ViH2 Hysteresis input Vpp x0.75
Input High Voltage | v, |Except TTLinput Vpp <4.5V Vpp % 0.90 Vbp V;
ViHa | TTLinput (Data bus) Vpp =5V 2.2
Vius Vpp =1.8V Vpp-0.2
\Y Except hysteresis and TTL input Vpp x0.30
K] Vop 4.5V DD
Vi Hysteresis input Vpp x0.25
Input Low Voltage Viiz |ExceptTLLinput Vpp <4.5V 0 Vppx0.10 | V
Viiz |TTLinput (Data bus) Vpp =5V 0.8
Vpp =4.5Vto55V 16
fc XIN, XOUT Vpp =2.7Vto 55V 1.0 8 MHz
Clock Frequency
Vpp =1.8Vto55V 4.2
fs XTIN, XTOUT 30.0 34.0 kHz
Note 1: The recommended operating conditions for a device are operating conditions under which it can be guaranteed that
the device will operate as specified. If the device is used under operating conditions other than the recommended
operating conditions (supply voltage, operating temperature range, specified AC/DC values etc.), malfunction may
occur. Thus, when designing products which include this device, ensure that the recommended operating conditions
for the device are always adhered to.
Note 2: Clock Frequency fc ; The condition of supply voltage range is the value under NORMAL1/2 and IDLEO/1/2 mode.
Note 3: The minimum fc with clock gear is calculated as following formula with the ratio on divider n.
(Min fc) =(ratio on divider n) x 1 [MHz]
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DC Characteristics (Vss=0V, Topr= - 40 to 85°C)
Parameter Symbol Pins Conditions Min | Typ. | Max [ Unit
Hysteresis Voltage Vys  |Hysteresis input - 0.9 - \Y
ling TEST, EA
- - - Vpp=5.5V
Input Current lin2 Sink Open Drain, Tri-state Port - - +2 rA
— ViN=5.5V/0V
Iz |RESET,STOP
. Rin2  [RESET 100 220 | 450
Input Resistance kQ
Ring  |TEST - 70 -
OSC. Feedback Rfx  [XIN-XOUT - 1.2 - MO
Resistance Rfxt  [XTIN-XTOUT - 6 -
Output Leakage ILo1  |Sink Open Drain Port Vpp=5.5V,Voyr=5.5V - - 2 A
Current lLo2 |Tri-state Port Vpp=5.5V, Voyur=5.5V/0V - - +2 “
“H" Output Voltage Vouz |Tri-state Port Vpp=4.5V,loy=-0.7mA 4.1 - - \Y
“L" Output Voltage Vorz |Except PO and XOUT Vpp=4.5V,lg.=1.6 mA - - 0.4 \Y
| Except PO and XOUT Vpp=4.5V,Vp =04V 1.6 - -
“L” Output Current oLt P DD oL mA
lois PO Vpop=4.5V,VoL=1.0V - 20 -
Supply Current under Vpp=5.5V 55 70
NORMAL1, 2 mode ViN=5.3V/0.2V ) ) A
m
Supply Current under fc=16 MHz 28 35
IDLE1, 2 mode fs = 32.768 kHz ' '
Supply Current under Vpp=5.5V 40 50
NORMAL1, 2 mode ViN=5.3V/0.2V ’ ’ A
m
Supply Current under fc=8 MHz 20 25
IDLE1, 2 mode | fs=32.768 kHz ' '
DD
Supply Current under
pply - 14 25 pA
SLOW1 mode
Vpp=3.0V
Supply Current under
ViN=2.8V/0.2V - 7.0 15 | pA
SLEEP1 mode
fs=32.768 kHz
Supply Current under
- 6.0 15 PA
SLEEPO mode
Supply Current under Vpp=5.5V
pply DD _ 05 10 uA
STOP mode ViN=5.3V/0.2V
Note 1: Typical values are shown under Top, =25°C, Vpp =5 V, while conditions are not stated.
Note 2: Input current ljyg, I3 The current through pull-up or pull-down resistor is not included.
AC Characteristics (1) (Vss=0V, Vpp=4.5t05.5V, Topr= — 40 to 85°C)
@® cCLOCK
Parameter Symbol Conditions Min Typ. Max Unit
NORMAL1, 2 mode
0.25 - 4
\ . IDLEQ, 1, 2 mode
Machine Cycle Time tey 7]
SLOW1, 2 mode
117.6 - 1333
SLEEPO, 1, 2 mode
High Level Clock Pulse Width twen | External clock operation
(XIN input) 25 - - ns
Low Level Clock Pulse Width twel fc=16 MHz
High Level Clock Pulse Width twgy | External clock operation
(XTIN input) 14.7 - - us
Low Level Clock Pulse Width twsL fs =32.768 kHz
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@ External Memory Interface (Multiplexed Bus) atVpp=4.5t05.5
Variable 16 MHz .
No.| Symbol Parameter - - Unit
Min Viax Min Viax
1 taL A7 1o 0 effective - ALE 0.5t-15 16 ns
2 ta ALE fall > A7 to 0 hold 0.5t-20 11 ns
3 T ALE pulse width t-40 22 ns
4 |t ALE fall > RD, WR fall 0.5t-25 6 ns
5 |ta RD, WRrise = ALE rise 0.5t-20 1 ns
6 |tacL A7 to 0 effective — RD, WR fall t-25 37 ns
7  |tacn A15 to 8 effective = RD, WR fall 1.5t-25 68 ns
8 tea RD, WR rise > A15to 8 hold 0.5t-20 11 ns
9 taDL A7 to 0 effective — D7 to 0 input 3t-55 132 ns
10 |tapH A15 to 8 effective — D7 to 0 input 3.5t-65 153 ns
1 |trp RD fall - D7 to 0 input 2t-60 65 ns
12 [trr RD pulse width 2t-40 85 ns
13 |tur RD rise = D7 to 0 hold 0 0 ns
14 |[trap RD rise = A7 to 0 effective t-15 47 ns
15 | tww WR pulse width 2t-40 85 ns
16 |[tpw D7 to 0 effective = WR rise 2t-40 85 ns
17 |[twp WR rise = D7 to 0 hold 0.5t-15 16 ns
Note: t =tcy/4 (t =62.5 ns at fcgck = 16 MHz)
A.C.Measurement Condition
Output Level: High 2.2 V/Low 0.8V, CL=50 pF
Input Level:  High 2.4 V/Low 0.4V (D7 to DO)
High 0.8 VDD/Low 0.2 VDD (Except D7 to DO)
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TOSHIBA TMP86CHO06
Read Cycle
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Write Cycle
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TOSHIBA

TMP86CHO06

Recommended Oscillating Conditions - 1

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

Oscillation Recommended Constant
Parameter Oscillator Recommended Oscillator
Frequency C C
16 MHz MURATA  CSA16.00MXZ040 10 pF 10 pF
. MURATA CSA8.00MTZ 30 pF 30 pF
High-frequency . 8 MHz . .
Oscillati Ceramic Resonator CST8.00MTW 30 pF (built-in) | 30 pF (built-in)
scillation
MURATA  CSA4.19MG 30 pF 30 pF
4.19 MHz - S
CST4.19MGW 30 pF (built-in) | 30 pF (built-in)
Low-frequency )
o Crystal Oscillator 32.768 kHz Sll VT-200 6 pF 6 pF
Oscillation

Recommended Oscillating Conditions - 2

(Vgs=0V, Vpp=2.7t0 5.5V, Topr= - 40 to 85°C)

Oscillation Recommended Constant
Parameter Oscillator Recommended Oscillator
Frequency Cq G
8 MH MURATA CSA8.00MTZ 30 pF 30 pF
¥4
High-frequency . CST8.00MTW 30 pF (built-in) | 30 pF (built-in)
L Ceramic Resonator
Oscillation 4.19 MH MURATA  CSA4.19MG 30 pF 30 pF
. z
CST4.19MGW 30 pF (built-in) | 30 pF (built-in)

Recommended Oscillating Conditions - 3

(Vss=0V, Vpp=1.81t05.5V, Topr= -40to85°C)

. Oscillation . Recommended Constant
Parameter Oscillator Recommended Oscillator
Frequency Cq G
High-frequency . MURATA  CSA4.19MG 30 pF 30 pF
L Ceramic Resonator 4.19 MHz - o
Oscillation CST4.19MGW 30 pF (built-in) | 30 pF (built-in)
XIN XOUT XTIN XTOUT

(1) High-frequency Oscillation

(2) Low-frequency Oscillation

http://www.murata.co.jp/search/index.html

Note 1: An electrical shield by metal shield plate on the surface of IC package is recommended in order to protect the device
from the high electric field stress applied from CRT (Cathodic Ray Tube) for continuous reliable operation.

Note 2: The product 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;
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