TOSHIBA TMPO4CHO1FXXX(JTMPO4CHO 1XXXS)

TOSHIBA CMOS DIGITAL INTEGRATED CIRCUIT SILICON MONOLITHIC

TMPO4CHO1FXXX(JTMP0O4CHO01XXXS)

CMOS 4BIT LL MICROCONTROLLER
(LL : LOW POWER CONSUMPTION &
VOLTAGE OPERATION MICROCONTROLLER)

@ OUTLINE

The TMPO4CHO1FXXX is a high-performance
microcontroller designed to be in a variety of low-voltage
products.

It is a 4bit CMOS LL microcontroller with integrated a 4bit
high-performance CPU, memory (static work RAM and
program ROM). LCD display LL controller driver, and a
multi-function timer into a single chip.

The basic features are as follows.

P-QFP100-1420-0.65A
Weight : 1.65g (Typ.)

@ FEATURES
® Number of instructions : 56

® Minimum instruction execution time : 61us (at 32.768kHz)
1us  (at 2MHz/3.0V)

® Oscillating circuit : Low-speed crystal oscillator (32.768kHz)
/internal CR (33kHz at 1.5V)

High-speed crystal oscillator (2MHz at 3.0V)
/ external CR (200kHz at 1.5V)

® Built-in ROM size : 16K words
(1 word =16 bits)

® Built-in RAM size :

Work RAM : 512x4 bits
® Input pins : 4 pins (with interrupts)
® |/0 pins : 12 pins (with 4 interrupts and mask option)
® OQutput pins : 1 pin (Buzzer)
® Interruption : 2 external system (input pins, general-purpose |/0O pin)

2 internal system (timer/counter, timings)
980910EBA1

@ TOSHIBA is continually working to improve the quality and the 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 observe standards of safety, and to avoid
situations in which a malfunction or failure of a TOSHIBA product 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 products specifications. Also, please keep in mind the precautions
and conditions set forth in the TOSHIBA Semiconductor Reliability Handbook.

@ 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 TMPO4CHO1FXXX(JTMPO4CHO 1XXXS)

® Timer . 8 bitsx2ch or 16 bitsx 1ch (software-selectable)
® LCD display driver controller : 52 segx 16 com

® Built-in LCD driver power circuit

® Watchdog timer :  Timer/Counter can be used as Watch Dog Timer
® Power Supply voltage : 1.5/3.0V (Typ.) Mask option
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Fig.1 Block diagram
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TOSHIBA TMPO4CHO1FXXX(JTMPO4CHO 1XXXS)

@ PIN CONFIGURATION
1. Pin assignment

80 51
81 50
100 31
30

PIN | piN NAME PIN | piN NAME PIN | piN NAME PIN | piN NAME
No. No. No. No.

1 V1 26 1021 51 S22 76 S47

2 C 27 1022 52 $23 77 | Sas

3| G 28 | 1023 53 | Sy 78 | Sa9

4 Vgg 29 1024 54 S25 79 S50

5 | VXT 30 51 55 $26 80 | Ssq

6 BRESET 31 S) 56 S27 81 S5

7 XLIN 32 S3 57 S28 82 COM16

8 XLOUT 33 Sa 58 529 83 COM15

9 VpD 34 S5 59 S30 84 cOM14
10 | XHIN 35 | sg 60 | S31 85 | COM13
1 XHOUT 36 | Sy 61 532 86 | COM12
12 TEST 37 S8 62 $33 87 COM11
13 BZ 38 Sg 63 S34 88 COM10
14 IN1 39 S10 64 S35 89 COM9
15 IN2 40 S11 65 S36 90 | coms
16 IN3 41 S12 66 | S37 91 COoM7
17 IN4 42 S13 67 S38 92 COM6
18 | 1001 43 | Sia 68 | S39 93 | coms
19 | 1002 44 | Sq5 69 | Sao 94 | com4
20 1003 45 S16 70 Sa1 95 com3
21 1004 46 | Sq7 71 Sa2 9% | cCom2
22 1011 47 S18 72 S43 97 | comn
23 1012 438 S19 73 S44 98 Vg

24 1013 49 S20 74 S45 99 V3

25 1014 50 S21 75 S46 100 | Vs
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TOSHIBA

TMPO4CHO1FXXX(JTMPO4CHO 1XXXS)

2. Pin description

PIN NAME FUNCTION
VDD Power supply (+)
Vg Power supply (-)
VxT Voltage regulator1 output (Output for only the mask option 3.0V type)
V1 Voltage regulator2 output
V2~V4 Boosted voltage output
C1, C2 Capacitor pin for LCD booster
XHIN, XHOUT Crystal / resister connection pin for high-speed oscillator
XLIN, XLOUT Crystal connection pin for low-speed oscillator
INT~IN4 Input port (with interruption)
1001~1004 /0O port (with interruption)
1011~1014 /0 port
1021~1024 I/0 port
SEG1~SEG52 LCD segment output
COM1~COM16 LCD common output
BZ Buzzer output
BRESET Reset input (low active)
TEST Test input
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TOSHIBA TMPO4CHO1FXXX(JTMPO4CHO 1XXXS)

@& MEMORY MAP
1. Program ROM

Program ROM consists of 16 bits per 1 word. Op-code and operand are executed in one word units.
Program ROM consists of 4K words per page. The internal program ROM area is 4 pages (16K
words).

This program ROM area can be used for constant data ROM. In this case, it can be used in byte
units (1 byte =8 bits).

1 word

Bank  Address Upper 8bit Lower 8 bit
r

0000H _______Rfs_eEiEta[t _______
0001H ___JNIQ___i_j ________
0002H ____I_N'_H____: __________
oooan [ wrz__ il wr. ]
ow< oooaH |tz i | oty
000sH | INT&__ 1| Address |
0006H ___JNIE___E __________
0007H INT6
1 1
~  OFFFH
1000H
1H J’
L 1FFFH
2H 2000H '
1 1
to i i
EH EFFFH | i
FOOOH
FH
FFFFH

Fig.2 Program memory map

(Note) Use the CALL instruction to write the interrupt entry address. Write NOP for unused

interrupts.

Example : CALL A ; INTO
NOP ; IN1
CALL B ; IN2
NOP ; IN3
NOP ; IN4
NOP ; IN5
NOP ; ING
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TOSHIBA

2. Work RAM

Address

Bank 0
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Fig.3 Work RAM
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TOSHIBA TMPO4CHO1FXXX(JTMPO4CHO 1XXXS)

Work RAM consists of 512 x4 bits.
R/W is performed at the address specified by bellows.

(1) Indirectly addressing mode (Fig.4 (a))

DMB in F-reg, H, L-reg specify the Work RAM address. [ ] ] | |
(DMB : bank, H-reg : page, L-reg : address) i ! i
LD A, M : A<RAM (HL) v oddress ||| | |

(a) Indirectly addressing

(2) Directly addressing mode (Fig.4 (b))

Instruction field

Immediate data (8 bits) in instruction specify the Work | EE=S |
RAM page and address. or
Bank is specified by DMB in F-reg. | | oo 1oxox |
LDI 2CH, OAH : RAM (2CH)«-AH DMB
RAM address | | | XXXX i XXXX |

(b) Directly addressing

(3) Index addressing mode (Fig.4 (c))

Instruction field

Address (L-reg) is specified by the immediate data | yyyy |
(4 bits) in instruction, and the other immediate data

specify Page.
LDRI 4H, 3H : RAM (HL + 4H)

«RAM (3H. L) RAM address | | | i 2222 |
LeL+1, AcA -1

(c) Index addressing

Fig.4 Addressing mode

BANK 0, PAGE 8~F area can be used as Stack area.

When using the “CALL/CALLS” instruction or start the interruption routine, the data of program
counter and Program memory bank are stored in Stack area.

Then, using “RET” instruction, program return according to those data.

And, using “PUSH” instruction, 8 bits data in a pair register can be stored in Stack area.

Then, using “POP” instruction, those data are returned to the register.

Maximum Stack area is 64 (0~63), and each Stack area consist of 8 bits.
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TOSHIBA TMPO4CHO1FXXX(JTMPO4CHO 1XXXS)

3. Display RAM

TMPO4CHO1FXXX has Display RAM, and addressing and data read /write is decided by Register file,
as follows. When the data is read from/written into Display RAM. DRCE (PC6-bit2) is needed to be
1.

MSB 3 2 1 0 LSB

PCé DRCE DON DSTA

Addressing is decided by DRR1~4 (PD4) and DRC1~3 (PD5) (LSB is DRR1, and MSB is DRC3)

MSB 3 2 1 0 LSB
PD5 DRC3 DRC2 DRC1
PD4 DRR4 DRR3 DRR2 DRR1

Data is read /written by 8 bits which is set in DRD1~8 (PD6, PD7).
To read from/written into DISPLAY, only 8 bits transference instruction can be used.

MSB 3 2 1 0 LSB
PD7 DRD8 DRD7 DRD6 DRDS
PD6 DRD4 DRD3 DRD2 DRD1

(CAUTION)

1. When “HALT" instruction is executed for the next instruction of the transference the data to
Display RAM, the data of Display RAM is broken.

2. When “HALT”" instruction is executed during DRCE1 is 1, the data of Display RAM is broken.
Therefore, be sure to set DRCE to 0 before executing the HALT instruction.
DRD1 to 8 (R56, R57) are valid for only 8-bit transfer instructions.
4-bit transfer instructions do not have any effect (NOP).
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TOSHIBA
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TOSHIBA TMPO4CHO1FXXX(JTMPO4CHO 1XXXS)

@ REGISTER FILE

Register files consist of 1. general-purpose registers, 2. system registers, and 3. peripheral 1/0
registers. Figure 11 shows the overall configuration of register files.

1. General Register

1.1 Flag Register : F-Register (PAGE/AD =0/0)
F-Register
MSB 3 2 1 0 LSB
ROO DMB (0) ZF CF

CF : Carry Flag

ZF : Zero Flag

(0) : Not use

DMB : Work RAM Bank

1.2 Accumulater Register: A-Register (PAGE/AD=0/1)

Accumulator for arithmetic operations.

When consecutive instructions are executed, used as a counter register.
1.3 H.L Register (PAGE/AD=0/3~2)

H.L Register are used for Work RAM address setting with DMB.

H-Register
MSB 3 2 1 0 LSB
RO3 HR3 HR2 HR1 HRO
— /
'

Work RAM page

L-Register
MSB 3 2 1 0 LSB
RO2 LR3 LR2 LR1 LRO
“ j
~
Work RAM address
1.4 Bank Register (PAGE/AD=0/7) : B-Register
B-Register is used for ROM Page.
MSB 3 2 1 0 LSB
RO7
0000 =Page 0
0001 =Page 1
0010 =Page 2
0011 =Page 3

1.5 D-Register, E-Register, P-Register, (B-Register) (PAGE/AD=0/5,0/4,0/6, 0/7)
General-purpose register.
When using ROM as Data Table Function, B, P, D and E-Register are used for ROM address
setting.
(Data table function : user can use ROM area for store the constant, and can access those
constant by LDBL or LDBH instruction.)
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TOSHIBA TMPO4CHO1FXXX(JTMPO4CHO 1XXXS)

2. System Registers
2.1 Stack pointer (PAGE/AD=1/0, 1/1)

The stack pointer shows the location (63 to 0) in the stack area in work RAM.

MSB 3 2 1 0
R10 SP4 SP2 SP1 —

MSB 3 2 1 0
R11 — SP32 SP16 SP8

2.2. Interrupt Enable/Disable Registers (PAGE/AD=1/2, 1/3)

Enable/disable interrupts. There are five interrupt vectors (INTO to INT4). Writing data in the bit
corresponding to an interrupt enables/disables the interrupt. The details are described in the
section on peripheral circuits.

MSB 3 2 1 0
R12 INT2 INT1 INTO 0)

MSB 3 2 1 0
R13 — — INT4 INT3

2.3. Input/Output Registers (PAGE/AD=1/4, 1/5)

Used for the input/output pins (1021 to 1024). Using the bit that corresponds to a pin, output
data can be set or input data can be read. The details are described in the section on peripheral

circuits.
MSB 3 2 1 0
R14 1014 1013 1012 1011
MSB 3 2 1 0
R15 1024 1023 1022 1021

3. Peripheral 1/ 0 Registers

Registers used to control peripheral circuits specific to the product are allocated to pages 2 to 7.
The details are described in the section on peripheral circuits.
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TOSHIBA TMPO4CHO1FXXX(JTMPO4CHO 1XXXS)

¥ A precaution relating to Writes to System Registers/Peripheral 1/0O Registers.

Writing to System Register and |1/ O Registers is performed in synchronization with ®W. Because
rising edges of ®W coincides with the timing at which Write data is output on the data bus, it is
possible that incorrect data is output to the peripheral circuits for a very short period of time.
Please take this into account when programming.

Data bus

D Q
LATCH

D Q
LATCH
*—c > Peripheral circuits

b Q
LATCH

oW c

F2 /\
& /\ _ /\ /\ /\
Register Write /_\

Timing (@W)

Write data == == == == -————————— D— ________________

—" -'— Outputs incorrect data.
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TOSHIBA TMPO4CHO1FXXX(JTMPO4CHO 1XXXS)

4 PERIPHERAL CIRCUIT
Each peripheral circuits can be accessed (Read/Write / Circuit setting) by Register files.

1. Oscillator Block

MSB 3 2 1 0 LSB

PAG — LOWCP CPMODE2 | CPMODE1

The CPU clock is generated by the asynchronous oscillator switching circuit which has low-speed and
high-speed clock oscillator circuit.

This block also provides the clock for the timer circuit, LCD driver, Quadrupler.

Oscillation mode is controlled by Register file CPMODE1 and CPMODE2 (PAGE/AD=2/6), as follows.

CPMODE | CPMODE S;c;"gd S':J'g:d SYsCTPEM |\r<|;3n|1)§
0SC 0SC

0 0 OFF OFF OFF (CPMO)

1 0 ON OFF Low speed | (CPM1)

0 1 OFF ON High speed | (CPM2)

1 1 ON ON High speed | (CPM3)

CPMODE 1 and 2 are initially 1 (CPM3)

LOWCP is the display clock control bit. When LOWCP is set to 1, Low-speed OSC clock is supplied to
LCD circuit. LOWCP is initially “0”. Even if LOWCP is set to 1, clock cannot be occupied to display
circuit during Low-speed OSC stopped, and display cannot be shown.

Low-speed OSC circuit can select X'tal or internal CR oscillation by Mask option.

High-speed OSC circuit can select X'tal or external CR oscillation by Mask option.

Setting a register to CPM1 and executing a HALT instruction sets the mode to Halt (system CP off,
high-speed oscillator off, low-speed oscillator on). Setting a register to CPMO and executing a HALT
instruction sets the mode to Stop (system CP off, high-speed oscillator and low-speed oscillators off).
Even if, mode is changed to MODE 0 from MODE 1/2/3, there are no changing until use HALT
instruction.

The High/Low-speed OSC circuit has WARM UP function.

The warm-up function disables the crystal oscillator as the system clock from when the crystal
oscillator starts oscillation to when the frequency stabilizes. The warm-up circuit in the high-speed
crystal oscillator circuit consists of a 15-stage binary counter. The warm-up time is 16,384 pulses of
the high-speed clock. The warm-up circuit in the low-speed crystal oscillator circuit consists of a 9-
stage binary counter. The warm-up time is 256 pulses of the high-speed clock.

The low-speed oscillation does not have enough warm-up time, therefore, when the oscillation is
started, software need to make warming up time enoughly.

Set the warm-up time by software to approx. 500 ms as standard.

When the System CP is changed between Low and High (CPM1—»CPM2/3 or CPM2—>CPM1),
changing System CP waits to finish the warming up time.

Also that until the system CP is changed, instructions are executed with the previous system CP.

If the CR oscillator is selected as the high- or low-speed oscillator circuit, the warm-up function is
disabled.

2000-04-20 15/56



TOSHIBA TMPO4CHO1FXXX(JTMPO4CHO 1XXXS)

Reset | START Mode Automatically shifts to CPM3 mode. CPM3 Mode
High-Speed Clock: ON ¥ High-Speed Clock warm-up High-Speed Clock: ON
Low-Speed Clock: ON Low—Speed.CIzl)ck. ON
System Clock: STOP ) ; ) System Clock: High-Speed
Set the oscillation mode to CPM3. _
% High-Speed Clock warm-up T Set the oscillation mode to CPM2.
Interrupt g?’?\}lt?? oscillation mede to Sit“;he oscillation mode to
X Low-Speed Clock warm-up CPM3.
Set the oscillation mode l
CPMO Mode (STOP Mode) | to CPMO, then execute CPM1 Mode Set the oscillation mode to CPM2 Mode
High-Speed Clock: OFF HALT instruction. High-Speed Clock: OFF CPM2. High-Speed Clock: ON
Low-Speed Clock: OFF Low-Speed Clock: ON 3 High-Speed Clock warm-up Low-Speed Clock: OFF
System Clock: STOP System Clock: Low-Speed System Clock: High-Speed
Y y P Set the oscillation mede to y gn-p
CPM1.
X Low-Speed Clock warm-up
Interrupt Executes HALT ¥ Low-Speed Clock warm-up
instruction. If X"tal oscillation circuit is selected for low-

speed oscillation, it takes some time before
low-speed oscillation is used for system clock.

HALT Mode
High-Speed Clock: OFF
Low-Speed Clock: ON
System Clock: STOP

¥ High-Speed Clock warm-up
If X'tal oscillation circuit is selected for high-
speed oscillation, it takes some time before
high-speed oscillation is used for system clock.

Fig.8 Mode transition

TMPO4CHO1FXXX has 21 bits Divider.

The divider circuit of bits 1 to 6 generates a clock from 1 MHz to 32 kHz by dividing the high-
speed clock (2 MHz). The divider circuit of bits 7 to 21 generates a clock from 16 kHz to 1 Hz by
dividing the 32 kHz clock. When the low-speed oscillator circuit is on (CPM1/CPM3), a low-speed
clock (32 MHz) is supplied to the divider circuit of bits 7 to 21. When the low-speed oscillator circuit
is off (CPM2), output from bit 6 is supplied.

Binary counter

High-speed clock fy T12(3]4[5]6 Binary counter

o—=7|8]9|10|11|12]|13[14[15[16[17[18[19(20(21
Low-speed clock f|_ | o
System CP

generator j

circuit

Fig.9 Divider circuit
The reset for this Divider circuit is done by Register file RST1~4 (PA7W).

MSB 3 2 1 0 LSB
PA7W RST4 RST3 RST2 RST1
RST1 : Binary counter 1~6 (2M~32kHz) reset
RST2 : Binary counter 7~12 (16k~512Hz) reset
RST3 : Binary counter 13~17 (256~16Hz) reset
RST4 : Binary counter 18~21 (8~1Hz) reset

(When using 2MHz, 32kHz crystal)
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(CAUTION)

1.

Do not set System CP to low-speed when the Low-speed OSC is not in operation or before
stable.

. Do not set System CP to high-speed when the High-speed OSC is not in operation or before

stable.

And, when Low-speed OSC is on, low-speed frequency is supplied from 7th bit Divider circuit
(When use 2MHz crystal for High-speed OSC and 32kHz crystal for Low-speed OSC and the
mode is CPM3, 1MHz~32kHz are made by 2MHz crystal, 16kHz~1Hz are made by 32kHz
crystal. And when the mode is CPM2, all frequency are made by 2MHz crystal. Therefore if
the mode change between CPM1 and CPM2 or CPM2 and CPM3, the frequency which is
supplied by Binary counter 7~21 shift the timing).

. When operated with a 1.5V power supply, the oscillation frequency on the high-speed side is

200kHz (max.), so that the output of binary counter 6 is 3.125kHz (max.).
Consequently, if the mode is changed from CPM1 or 3 to CPM2 or from CPM2 to CPM1 or 3,
the generated timing changes greatly.

. When the crystal oscillator circuit is used for low-speed oscillation, a long time is required

from oscillation stop to oscillation start. The LCD circuit operates using a low-speed clock. LCD
cannot be performed until oscillation starts. After power on, operate the low-speed oscillator
circuit at all times and do not change to STOP mode.

Example 1

START mode (After warming up, program start at address 0000.)
\:
CPM3 (High / Low speed ON, SYSCP =High, LOWCP OFF)
J LD 260, 7H
CPM3 (High / Low speed ON, SYSCP =High, LOWCP ON)
| LD 260, 4H
CPMO (High / Low speed ON, SYSCP =High, LOWCP ON)
(There are no change after shift to CPMO)
| HALT
STOP mode (High/Low-speed OSC, STOP, SYSCP OFF, LOWCP OFF)

When an interruption occurs, the mode is changed to START mode and program start at the
address which is decided by each interruption (refer to Fig.2).

Example 2

START mode (After warming up, program start at address 0000.)
\:
CPM3 (High /Low speed ON, SYSCP =High, LOWCP OFF)
i) LD 260, 5H
CPM1 (Low speed ON, SYSCP =Low, LOWCP ON)
| HALT
HALT mode (High-speed OSC OFF, Low-speed OSC ON, SYSCP OFF, LOWCP ON)

When an interruption occurs, the mode is changed to slow mode (CPM1) and program start at
the address which is decided by each interruption.
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Example 3
START mode (After warming up, program start at address 0000.)

)

CPM3 (High / Low speed ON, SYSCP =High, LOWCP OFF)
d LD 260, 7H

CPM3 (High /Low speed ON, SYSCP =High, LOWCP ON)
d LD 260, 4H

CPMO (High / Low speed ON, SYSCP =High, LOWCP ON)

(There are no change after shift to CPMO0.)

d LD 260, 7H

CPM3 (High/Low speed ON, SYSCP =High, LOWCP ON)

Example 4 (After reset)

BRESET | I

S enipipipFeEplpipipipipipigipl
N e . |

System CP |—|—|_,—I_

Unstable
Stop osc Warming up for High-speed OSC
mode ss
2.86us/2MH CPU ON
I | (16384 clock 7.8ms/2mrz) | ps 2N I (CPM3)

Unstable 1 warming up for Low-speed OSC I

OSC ss

| (256 clock 7.8ms/32kHz) |
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Examples (CPM3—1)

_l_\_l_l_l 4 4 ) ) 4 ) ),
T T L T L T L T
oo J L L L

fH
fL

Command max 64us/32kHz I
CPM3—1 I
CPM3 CPM1

Example (CPM1—2)

max

Warming up  *1 max 1.43 ps/ 2MHz
|Command CPM1-2 |Unstab|e | for High-speed OSC | 15,5 /32kHz
| | 0sC | 16384 clock |

(7.8ms/2MHz)

CPMIN I CPM2

(Note) No warm-up is provided for high-speed and low-speed RC oscillations by mask options.
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2. Interruption Block
Interruption is supplied by IN1~4, 1001~04, Timer/Counter, Timing.

(Interruption Priority)

Interruption priority can be selected by Register file P1 and P2.
Interrupt priority is valid only when multiple interrupts occur simultaneously.
P1, P2 are initially 0.

MSB 3 2 1 0 LSB

PC7 — — P2 P1

P1 P2 | INTO INT1 INT2 INT3 INT4

0 0 IIN IOIN TIN TCIN1  TCIN2
1 0 IOIN IIN TIN TCIN1  TCIN2
0 1 TIN IIN IOIN TCIN1T  TCIN2
1 1 TCIN1T 1IN IOIN TIN TCIN2

(Higher) Priority (Lower)

IIN: INT~4, IOIN: 1001~04, TIN: Timing, TCIN1/2: Timer/Counter1/2

(Interruption enable/disable)
Each interruption (IIN, IOIN, TIN, TCIN1, TCIN2) is decided disable/enable as follows.

IIN : 1lE1~4 (R42-B0~3)
IOIN : IOIEO (R43-B0)
TIN : TIE1~4 (R53-B0~3)
TCIN1: TCIE (R64-B1)
TCIN2: TCI2E (R74-B1)

After deciding priority by P1, P2 each interruption is decided disable/enable by INTO~4.
Disable the unnecessary interrupts in your application by initial settings of IIE1-4, IOIE, TIE1-4, and
TCI1E/ 2E.
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INTO~4 are initially 0 (disable).

MSB 3 2 1 0 LSB
R12 INT2 INT1 INTO (0)
R13 — — INT4 INT3

INTO~4 =0 INTO~4 disable
=1 INTO~4 enable

Interrupt reset

After an interrupt occurs, reset the interrupt following the procedures described below.

First, reset IN1~IN4 interrupt/1001~1004 Interrupt/Timing Interrupt/Timer Counter 1 Interrupt/
Timer counter 2 Interrupt.

Then reset the signal “Release from HALT/STOP Mode” by executing a transfer instruction to
R12 or R13.

How to deactivate respective interrupts will be explained in the sections which describe each of
the interrupts.

PC7 R12 R13

P1 | P2 | - | - - | INTO | INT1 | INT2 INT3 | INT4 | - |

LATCH | LATCH | LATCH | LATCH | LATCH | | LATCH | LATCH |

Release
\ < |_,.from
- S QhaLT
K Execuftes RSFF STOP
transfer
instructions|® Mode.
toR12/R13
P1 P2
INT~IN4
Interrupt >IN INTO _L—) * IINTO
Priority Selector £
1001~1004 Interrupt
Interrupt —IOIN INT1 DW’ZD INT1 " request
Input Output
pu utpu Interrupt
p2pi] inTa [ inT3 | InT2 | InT1 | INTO "
Generation
0| o |ranz2{Tant] TIN [1oiN | 1IN —— INT2 Circuit :>Interrupt
— Ircul
Timing > 1o\ 0 [ 1 Jranz|TaNT| TIN [ N [ IOIN | \n72 — 1 — vector
Interrupt 1 [ o Jranz2[raniiomw | un | TN ?
11 ran2] i [ oin [ N [Tang
! -
Timer ) IINT3
Counter 1 LTC|N'| INT3 —D nd
Interrupt
Timer D, IINT4
CounterZ;TClN2 ;D—
Interrupt INT4 R

)

Executes RET instruction.

Fig.11 Interruption circuit block
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2.1 Input/Inoutput Interruption
(Interruption enable /disable)

MSB 3 2 1 0 LSB

PC2 IIE4 IIE3 IIE2 IIE1

IIE1 =0 IN1 Interruption disable
=1 IN1 Interruption enable
IIE2 =0 IN2 Interruption disable
=1 IN2 Interruption enable
IIE3 =0 IN3 Interruption disable
=1 IN3 Interruption enable
IlE4 =0 IN4 Interruption disable
=1 IN4 Interruption enable

IIE1~4 are initially 0 (IN1~4 Interruption disable)

MSB 3 2 1 0 LSB

PC3 — — — I0IEQ

IOIE0O =0 1001~4 Interruption disable
=1 1001~4 Interruption enable

IOIEQ is initially O (disable)

Interruption enable/disable bit can use as interruption reset.
When the interruption occurs and after recognizing the interruption, it can be resetted INT latch
by setting IIE1~4 or IOIEQ.

(Interruption Data Read)
Interruption Data of IN1~4 can be read by Register file IIN1~4.

MSB 3 2 1 0 LSB

PC1R IIN4 IIN3 1IN2 1IN1

Example
LD 420, OFH (set enable to IN1~4 interruption)
IN1 interruption occurs.
v Program goes to the address which is decided by each interruption.
LD M. 410 (read IN1~4 interruption)
Recognize which interruption is occurred.
y (Recognize IN1 interruption is occurred.)
LD 420, OEH (reset IN1 interruption)

2

LD 120, OFH (set enable to INTO~2)
!

LD 130, OFH (set enable to INT3~4)
!

LD 420, OFH (set enable to IN1~4 interruption)
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PC2 PCO PC1R
HE1T | lE2 | lE3 | HE4 ESELI |ESELIO| ESELT | - HN1 | IIN2 | IIN3 | N4
LATCH | LATCH | LATCH | LATCH LATCH LATCH | LATCH | LATCH | LATCH

v Y Y ? To Timing Interrupt Circuit

To 1001~1004 Ports

e ?

-LD Q T —
c ) INT~IN4

R Interrupt

D_ — (1IN)

INTCE

IN2[F

INA[]

:

:
Bl

:

| LATCH | LATCH | LATCH | LATCH |

S

IND1 | IND2 | IND3 | IND4

PAOR

Fig.12 IN1~IN4 Interrupts
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PC3 PCO
IOIEQ | - | - | - ESELI |ESEUO| ESELT | -
Y To Timing Interrupt Circuit
) To IN1~IN4 Ports
Mask option>a
1
[}
i
! e
1
' L
H y
1 D Q
' DFF
1001} L c \ 1001~1004
: R Interrupt
! | — (I0IN)
1
-
i
i
1
! e
[}
| L
1 r
1 D Q
i DFF
1002} ! C
i R
I
| 1
I
-
1
1
i
I
! e
1
| L
I r
| b .2
I DFF
1003} i C
[}
| R
! |
1
[
e
Ts—
DFF
1004} C
R
| LATCH | LATCH | LATCH | LATCH |
10D01 | 10D02 | 0D03 | 10D04 10001 | 10002 | 10003 | 10004

PA1R PATW

Fig.13 1001~1004 Interrupts

(Note) Disabling input or input/output interrupts using PC2 or PC3 is valid only when a rising
edge interrupt (see 4, Input/Output ports) is selected. If a level interrupt is selected,
disabling interrupts using PC2 or PC3 is invalid.
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2.2 Timing Interruption

(Timing Interruption selecting)
Timing Interruptions are selectable by Register file (PD1) 128/256, 16/32, 4/8, 1/2.

MSB 3 2 1 0 LSB

PD1 172 4/8 16/32 128/256

128/256 =0 128Hz INT. select
=1 256Hz INT. select
16/32 =0 16Hz INT. select
=1 32Hz INT. select

4/8 =0 4Hz INT. select
=1 8Hz INT. select
1/2 =0 1Hz INT. select
=1 2Hz INT. select

128/256, 16/32, 4/8 and 1/2 are initially 0 (1Hz, 4Hz, 16Hz and 128Hz is selected).
(Timing Interruption enable/disable)

Selected Timing Interruption can be controlled enable/disable by Register file (PD3) TIE1~4 (R53).

PD3 TIE4 TIE3 TIE2 TIET

TIE1=0 1Hz or 2Hz INT. disable
= 1Hz  or 2Hz INT. enable
TIE2=0 4Hz or 8Hz INT. disable
=1 4Hz or 8Hz INT. enable
TIE3=0 16Hz or 32Hz INT. disable
= 16Hz or 32Hz INT. enable
TIE4=0 128Hz or 256Hz INT. disable
= 128Hz or 256Hz INT. enable

TIE1~4 are initially 0 (disable).

2000-04-20 26/56



TOSHIBA TMPO4CHO1FXXX(JTMPO4CHO 1XXXS)

(Timing Interruption Reset)

The timing interruption for the selected timing interruption is reset by register files TIR1 to 4
(PD2W).
TIR1~4 are initially 0.

MSB 3 2 1 0 LSB
PD2W TIR4 TIR3 TIR2 TIR1
TIR1=1 : 1Hz or 2Hz Interruption reset
TIR2=1 : 4Hz or 8Hz Interruption reset

TIR3=1: 16Hz or 32Hz Interruption reset
TIR4=1 : 128Hz or 256Hz Interruption reset

(Timing Interruption Read)

Selected Timing Interruption can be read by Register file TI1~4 (PDOR).

MSB 3 2 1 0 LSB
PDOR T4 TI3 TI2 T
TI1 : Interruption data of 1Hz or 2Hz
TI2 : Interruption data of 4Hz or 8Hz

TI3 : Interruption data of 16Hz or 32Hz
TI4 : Interruption data of 128Hz or 256Hz

(Interruption Edge Selection)

TIN Interruption can be selected the reading point ( _f or ~ | ) by Register file ESELT.
ESTLT is initially O (rising EDGE).

MSB 3 2 1 0 LSB

PCO — ESELT (ESLIO) (ESELI)

ESELT =0 : Interruption at rising Edge of Timing INT.
=1 : Interruption at down Edge of Timing INT.
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PD1 PD3 PCO PCOR

12 | 4/8 | 16/32 |'!28/256 TIET | TIE2 | TIE3 | TIE4 ESELI |ESELIO| ESELTI - ™ | TI2 I T3 | Ti4

| LATCH | LATCH | LATCH | LATCH | | LATCH | LATCH | LATCH | LATCH | LATCH | LATCH | LATCH

VY Y Y ronmnirors
To 1001~1004 Ports ’%

T

2Hz *— D Q

Dol

1Hz E;
nHu[;D 3

Oy
zaxyg
jalla=m

o}
<
o
=4
u}

Timing
Interrupt
(TIN)

—
it '

TIM2 DFF

8Hz

4Hz

T

32Hz

TIM3 DEF

16Hz

Yo
3

T

H
T

TIM4 DFF

256Hz

128Hz

ot
F

"H"L
TIRT | TIR2 | TIR3 | TIR4 E

PD2W

Fig.14 Timing Interrupt Circuit
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Example

LD 510, 01H (256Hz, 16Hz, 4Hz and 1Hz select)
\)

LD 530, 07H (256Hz disable, 16Hz, 4Hz and 1Hz enable)
d When the 1Hz interruption occurs.

LD M, 500 (read timing interruption)
J Recognize 1Hz interruption.

LD 520, 01H (reset 1Hz interruption)

(Note) A mode transition from CPM1 or 3 to CPM2 or from CPM2 to CPM1 or 3 causes the
timings of binary counters 7-21 to change. Therefore, the timing interrupts also have
their timings changed.

2.3 8 bits/ 16 bits Timer Counter Interruption
When Timer/Counter1, 2 overflow or coincide with setting Time/Count each Interruption occurs.

MSB 3 2 1 0 LSB
PE4 — — TCE TCIR
R/W w
MSB 3 2 1 0 LSB
PF4 — — TCI2E TCI2R
R/W w
TCHME/TCI2E = 0 : Timer/Counter1, 2 Interruption disable
= 1 : Timer/Counter1, 2 Interruption enable
TCITR/TCI2R = 1 : Timer/Counterl, 2 Interruption reset

TCIM1E, TCI2E and TCI2R are initially 0 (DISABLE).
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3. Timer/Counter

The Timer/Counter circuit can use as 8bitx2ch or 16bit x 1ch Timer/Counter.
And there Time/Counter can be use as general-purpose Timer/Counter, Watch Dog Timer, or Multi
Interruption Timer.

8 bits/ 16 bits can be changed by Register file TCPS. And input frequency also can be changed by
Register CKS11~13 and CKS21~23, as follows.

MSB 3 2 1 0 LSB
PE2 — CKS13 CKS12 CKS11
MSB 3 2 1 0 LSB
PF2 TCPS CKS23 CKS22 CKS21
Input

K K K
CKS kS CKS Frequency for Timer Counter1

no12 1 (fyy = 2MHz, | = 32kHz)
0 0 0 | fH/22" (fL/2"5) ' 1Hz (1.0s)
1 0 0 | fH/2'2 (fL/29) I 512Hz (1.955)
0 1 0 | fH/28 (fL/22) I 213Hz (1224:5)
1 1 0 | fH/23 I 218Hz (3.81s)
- - 1 | OFF i

Input

Frequency for Timer Counter2
(fH =2MHz, f| =32kHz)

0 0 0 | fH/2™5 (fL/29) ! 64Hz (15.6ms)
1 0 0 | fH/29 (fL/23) I 2'2Hz (244 4:5)
0 1 0 | fH/25 I 26Hz (15.25)
1 1 0 | fH/22 I 219z (1.9015)
- - 1 | OFF i

TCPS = 0 8bitx2ch Timer/Counter

= 1 16bitx1ch Timer/Counter

When Timer/Counter is used as 16 bits timer, TIMER2 is used as
lower bits.

And CKS11~13 are ignored. Input Frequency is decided by
CKS21~23.

CKS11~13, CKS21~23 and TCPS are initially 0.
(Timer/Counter1 : 1Hz, Timer/Counter2 : 64Hz, 8bit x2ch)
(CAUTION)

256kHz of Timer/Counter1, 512kHz and 64kHz of Timer/Counter2 can be used when High-speed
OSC is on.
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Timer function can be selected by REGISTER FILE WDT1 and CMPENT1, 2.
Timer/Counter1 can be used as Watch Dog Timer.

And Input Frequency can be controlled by Register file TC1EN and TC2EN.
Timer /Counter is resetted by Register file TC1R and TC2R.

MSB 3 2 1 0 LSB
PE3 TC1EN TC1R CMPEN1 WDT1
R/W W R/W R/W
MSB 3 2 1 0 LSB
PF3 TC2EN TC2R CMPEN2 * (*) Writing 1 invalidates TC2
interrupts.
R/W w R/W

Timer/Counter1 setting is made in PE3.
Timer/Counter2 setting is made in PF3.

All the bits of PE3 and PF3

PE3

PF3

WDT1 =0
=1
CMPEN1 =0
=1

TC1R 1

TC1EN =0
=1
=1
=0
CMPEN2 =0
=1
=1

BITO

TC2R

TC2EN =0

=1

ar

e initially 0.

Used as 8-Bit Timer / Counter.

Used as Watchdog Timer.

An interrupt is generated if Timer/Counter1 overflows.

(The entire system is reset if WDT1 = 1.)

An interruptis generated if Timer/Counter1 values match Time / Count set
values. (The entire system is reset if WDT1 = 1.)

Timer/Counter1 is reset (cleared).

Timer/Counter1 resumes counting up after reset. (Refer to the timing chart
below.)

Reference clock input on Timer/ Counter1 is stopped.

Reference clock input on Timer/Counter1 is started.

Timer/Counter2 cannot be used as 8-Bit Timer / Counter.

Timer/Counter2 is used as 8-Bit Timer/ Counter.

An interrupt occurs if Timer / Counter2 overflows.

An interrupt occurs if Timer / Counter2 values match Time/Count set values.
Timer/Counter2 is reset (cleared).

Timer/Counter2 resumes counting up after reset. (Refer to the timing chart
below.)

Reference clock input on Timer/ Counter2 is stopped.

Reference clock input on Timer/Counter2 is started.

Initially, WDT1=0, CMPEN1/2=0, TC1IR/2R=0, TC1EN/TC2EN =0.

Timing chart for timer/counter 1/2 reset

oo — LT LT LTI

o1

[1 [1

F2

-

.

TCIR/TC2R —I—I_

WRITE

-

RESET

7

Count up starts

14

Count up

Tf l Count up
Timer/counter reset
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Timer/Counter1, 2 data can read from Register file TCR11~18 and TCR21~28.

MSB 3 2 1 0 LSB
PEOR TCR14 TCR13 TCR12 TCR11
PE1R TCR18 TCR17 TCR16 TCR15
PFOR TCR24 TCR23 TCR22 TCR21
PF1R TCR28 TCR27 TCR26 TCR25

Timer/Counter1, 2 Comparison data is set by Register file SET11~18 and SET21~28.

MSB 3 2 1 0 LSB
PEOW SET14 SET13 SET12 SET11
PETW SET18 SET17 SET16 SET15
PFOW SET24 SET23 SET22 SET21
PF1W SET28 SET27 SET26 SET25

SET11~18 and SET21~28 are initially 0.

(CAUTION)

1.

When generating an interrupt for the timer/counter by comparing it with the setup value
(SET11-18, SET21-28) or resetting the system, set the setup values in register files SET11-18 and
SET21-28 before enabling CMPEN1 and 2.

. When generating an interrupt by a 16-bit timer by comparing it with the setup value, enable all

of CMPEN1, CMPEN2, TC1EN, and TC2EN using instructions.

. Since the setup values and timer/counter values both are 0 after initialization, an interrupt is

generated or the system is reset immediately when CMPEN1 is enabled.

Since a mode transition from CPM1 or 3 to CPM2 or from CPM2 to CPM1 or 3 causes the timing
of the binary counters 7-21to change, the timer/counters also have their timings changed.

Do not change the timer/counter from 8 bits to 16 bits in the middle of operation after the
timer/counter has started counting, because such a change could cause the data to be destroyed.
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PE2 PEOW PEIW
CKS11|CKS12[CKS‘13| — sem[smzlsmzlsma sms}sme]smﬂsms
LATCH|LATCH|LATCH ILATCHILATCH'LATCH|LATCHI LATCH}LATCH{LATCH|LATCH|
o Al A2 A3 A4 A5 A6 A7 A8
1Hz
—+{  MULTIPLEXER A<B OUT (1)
512Hz ——— HA<BIN
8-BIT MAGNITUDE COMPARATOR (1)
—
8kHz —> A=B OUT(1)
. CLOCK OUT A=BIN
256kHz
Bl B2 B3 B4 B5 86 B7 B8
[ Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8
PE3 D OQf cLOCK
CMP LATCH
WD”I EN1T ‘ TCIR lT“EN c 8-BIT COUNTER (1)
LATCH|LATCH LATCH ] RESET
[ Q1 Q2 Q3 Q4 Q5 Q6 Q7 8
b Pl
Tcm1|Tcmz|T(R13chma TCR15|TCR1GITCR17|TCR18
PEOR PETR
&
PF2 PFOW PFIW TcnRITan] _ | _
CKSZIICKS??'CKSZB[TCPS sm1|srrzz|sma|ssna SET25|SE126|SET27ISET28 PE4
LATCHILAICHILATCH[LATCEI ILATCHILATCHILATEH[LATCH| ILATCHILATCHlLATCH‘LATCH]
I —
. Al A2 A3 A4 A5 A6 A7 A8
64Hz
] MULTIPLEXER A<B OUT(2)
7
. 8-BIT MAGNITUDE COMPARATOR (2)
64kHz A=B OUT(2)
. CLOCK OuT
512kHz
81 B2 B3 B4 Bs B6 87 B8
Q1 Q2 Q3 Q4 Qs Q6 Q7 Q8 V
°r3 D QH cLock
CMP LATCH
- |EN? ITCZR lTCZEN c 8-BIT COUNTER (2)
R
[LATcnILATCﬂ [tateH| P RESET
Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8
TCR21|TCR22|TCR231rCRza[ T(R?SITCRZE[TCRUITCRZS
PFOR | PF1R
&
TCI2R|TCI2E| — I _
PFA
Fig.15 Timer/Counter
TMPO4ACHD1FXXX-33
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4. Input/10 PORTS (Refer to Fig.21)

TMPO4CHO1FXXX has 4 inputs and 12 |/ 0O ports.
4 inputs and 4 |/0O ports have Interruption.
Also, these ports have a mask option available. For details, refer to page 128.

4.1 INPUT (IN1~4)
Each input data can be read by Register file IND1~4.

MSB 3 2 1 0 LSB

PAOR IND4 IND3 IND2 IND1

Each input Interruption function can be set enable/disable by Register file [IE1~4.

MSB 3 2 1 0 LSB

PC2 IIE4 IE3 IIE2 IIE1

IE1~4 =0 : IN1~IN4 each Interruption disable
=1 : IN1~IN4 each Interruption enable

(Note) IIE1 to IIE4 interrupt disable/enables are register files that are effective when rising-
edge interrupts are selected.
When level interrupts are selected, interrupts are disabled/enabled by the data input
from ports. In this case, therefore, interrupts cannot be disabled/enabled by the register
files.

4 inputs (IN1~4) Interruption data can be read by Register file IIN1~4.

MSB 3 2 1 0 LSB

PC1R IIN4 IIN3 1IN2 IIN1

(Note) Interrupt data 1001 to 1004 cannot be read out. Only the data input from ports can be
read out. (refer to Fig.13.)
Interrupt timings (rising edge/level) can be selected using register file ESELI.

2000-04-20 34/56



TOSHIBA TMPO4CHO1FXXX(JTMPO4CHO 1XXXS)

Each input Interruption recognized timing (rising edge/High level) can be selected by Register
file ESELI (R40 bit1).

MSB 3 2 1 0 LSB

PCO — (ESELT) (ESELIO) ESELI

ESELI =0 IN1~4 : Interruption at rising edge of input INT.
=1 IN1~4 : High level of input INT.

Input level-triggered interrupts are possible when ESELI=1. In this case, if interrupts have been
enabled by register files INT0-4, the interrupt remain asserted while the input level is high.

IN_| I—

INTO~4
enable /disable

Fig.16 Interruption by high level-read

EN DIsS EN
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4.2 1/0 ports (1001~1004, 1011~1014, 1021~1024)

Each input data can be read by following Register file, when using input port.

MSB 3 2 1 0 LSB
PA1R 10D04 10D03 10D02 10D01
R14R 10D14 10D13 10D12 10D11
R15R 10D24 10D23 10D22 10D21

1001~1004 have Interruption, each interruption function can be set disable/enable by Register
file I0OIEO.

(Four interrupt sources are collectively disabled/enabled by IOIEOQ.)

MSB 3 2 1 0 LSB

PC3 — — — I0IEQ

IOIE0 =0 : 1001~1004 Interruption disable
=1 :1001~I1004 Interruption enable

(Note) The I001-I004 interrupt disable/enables are the register files that are effective when
rising-edge interrupts are selected.
When level interrupts are selected, interrupts are disabled/enabled by the data input
from ports. In this case, therefore, interrupts cannot be disabled/enabled by the register
files.

The interrupt data 1001~1004 cannot be read out. Only the data input from ports can
be read out. (refer to Fig.13.)

1001~1004 Interruption recoginized timing (rising edge/High level) can be selected by Register
file ESELIO.

MSB 3 2 1 0 LSB

PCO — (ESELT) ESELIO (ESELI)

ESELIO =0 : Interruptions 1001~1004 are rising edge-triggered.
=1 : Interruptions 1001~1004 are level-triggered.

Output data can be read by following Register file, when using each 1/0 ports as output.

MSB 3 2 1 0 LSB
PATW 10004 10003 10002 10001
R14W 10014 10013 10012 10011
R15W 10024 10023 10022 10021
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Fig.17 1011~1014, 1021~1024

R15W R15R R14W R14R
10024 | 10023 | 10022 | 10021 10D24 | 10D23 | 10D22 | 10D21 10014 | 10013 | 10012 | 0011 10D14 | I0D13 | 10D12 | 0D11

“H" Mask “H" Mask
option option
17 1/

/ /

1021 1011

D Q —] | D Q — 1 |
LATCH| ~ | Or===-- 1 LATCH| — | OQ=———-- 1
1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

gy ! gy !

1 1

1 1

1 1

] ]

10221 10121

D Q —{] D Q — 11
tatcH| ~ | OQ----- 1 LatcH| —~ | OQ----- 1
1 1

] ]

1 1

] 1

1 1

1 1

1 1

1 1

1 1

1 1

I I

1 1

1 1

1 1

1 1

1 1

1 1

gy : oy :

1 1

1 1

1 1

1023 | 1013 |

b Q — | b Q —] |
LATcH| — | Or=---- 1 LATCH| — | OQr-—--- 1
1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

I I

1 1

1 1

1 1

1 1

1 1

1 1

] ]

1 1

1 1

10241 10141

D Q 1 D Q —{ ] 1
LATCH| — | O----- ! LATCH| — | ©O----- !
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5. Buzzer Circuit

Buzzer sound can be selected by Register file BZ1, BZ2, BZ3 and 2k/4k.

1

BZ

1

8Hz

4Hz
2Hz

1Hz

BZ
1

MSB 3 2 1 0 LSB

PE7 2k / 4k BZ3 BZ2 BZ1

2k /4k = 0 : Basic frequency 2kHz
= 1 : Basic frequency 4kHz

ON OFF ON OFF
(001) (000)  (001) (000)

0 BZ L(Vss)
1 (BZ ON)
2k / 4kHz

7
i I

(=]

1L L

111111
o — M1 L]

1 BZ H(Vpp)

Fig.18 Buzzer sound

Buzzer sound can be made by software using (000), (001) or (000), (111) setting, as above.
When the Register file R67 is set the above (BZ3, BZ2, BZ1) =(010)~(110), each Buzzer sound is
continuously released setting (BZ3, BZ2, BZ1) to (000).

(Note)

The above Buzzer sounds are shown with respect to timings in the CPM2 mode where

the high-speed oscillation frequency is 2MHz, the CPM1/3 mode where the low-speed
oscillation frequency is 32kHz, and in the HALT mode.
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PE7

BZ1 | BZ2 | BZ3 |2K/4K

P |

P |

LATCH | LATCH | LATCH | LATCH

1Hz

2Hz

4Hz

8Hz

4kHz < E

N

2kHz
¥|=|>— -

E——

; BZ
L
BZ1 Input Output ouT
BZ3 BZ2 BZ1 8Hz 4Hz 2Hz 1Hz | OUT
BZ2
0 0 1 * * * * 'l
BZ3 0 1 0 * * * 0 ‘|
1Hz 0 1 1 * * 0 * 1
* *
2Hz 1 0 0 1 0 1
1 0 1 * 1 * 0 1
4Hz
1 1 0 1 * * * 1
8Hz Other than above 0
* D'ont care

Fig.19 Buzzer Circuit
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6. LCD Circuit

The LCD driver circuit has common signals and segment signals to drive 4.5V, 1/16 duty, 1/4 bias
LCD.

Duty Frame frequency COMMON SEGMENT
1/16 97.5Hz COM1~COM16 $1~S52

The LCD driver circuit is controlled by Register file both DSTA and DON, and Display RAM is
enable on DRCE =1.

MSB 3 2 1 0 LSB
PC6W — DRCE DON DSTA
DON | DSTA Behavior of LCD driver
0 0 |The booster circuit (Quadrupler) is turned off and all

common & segment is fixed to VSS level.

LCD shows full off display.

1 1 |The booster circuit (Quadrupler) is turned on and LCD
driver is enabled to display the data on Display RAM.
other than |The setting other than above can cause mal-function. Do
above not set.

DRCE 0 : disable Display RAM

1 : enable Display RAM

(CAUTION)

1. Display signals from segment and common are made by the clock which come from low-speed
oscillation. Even though the high-speed oscillator may be operating no display is output unless
the low-speed oscillator is operating.

2. Register file DON and DSTA are read to Display Driver circuit by the clock which is made by
LOWCP.
When the LOWCP is needed OFF it is needs max. 103ms after changing the data of DON and
DSTA.
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LCD drive waveform

—= l—21/32.7685ec.

21/2,048 Sec.

COM1

COM2

COM3

com4

COMS5

COM6

comM7?7

coms

COM9

COM10

COM11

CcoMi2

COM13

comi4

cOM15

comie

SEGMENT—
COM1~COMI16: OFF

SEGMENT—
COM1: ON

SEGMENT—
COM1: OFF
COM2: ON
COM3~COM16: OFF

SEGMENT—
COM1~COM2: ON
COM3~COM16: OFF

SEGMENT
COM1~CCOM2: OFF
COM3: ON
COM4~COM16: OFF

SEGMENT—
COM1~COMI15: ON
COM16: OFF

SEGMENT—
COM1~COM16: ON

A4 fL: 32,768Hz

Fig.20 LCD drive waveform (1/16 duty)
TMPO4CHO1FXXX-41
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7. Mask option
TMPO4CHO1FXXX has 10 Mask option.

'2’(';”5'6‘ Battery IN 100 101 102 Higgggeec' L°V‘655Féeed Remark
AT1F1 15V | IN() |[170(1) | 1/0() [170(2) CR Xtal ™
AT1F3 15V | IN() [170(1) [170(1) [ 170(2) CR CR *)
A32F0 30V | IN() |1/0@) [170() [170(2)| Xtal Xtal *)
A32F1 3.0V | IN(T) [1/0(2) [170(2) |[170(2) CR Xtal )
A32F3 30V | IN(1) [1/0(2) | 1/0(2) |1/0(2) CR CR )
A33F0 30V | IN(D) [I/oM [17oM [170() | Xtal X1al Q)
A33F1 3.0V | IN(T) |70 [170(1) [170() CR X1tal —
A33F3 30V | IN(1) [170(1) | 170(1) [170() CR CR Q)

(*) Under development
(1) Supply voltage

Either 1.5V or 3.0V can be selected as the supply voltage. When 3.0V is used, the low-speed
oscillator circuit is driven by output from the internal constant voltage circuit (VREG2) thus
reducing current dissipation.

Vpp 1.5V

: Low-speed (crystal)
XLlNr.,E oscillator circuit

il
Rfb

32kHz

When 1.5V selected

3 VIXT
~
3.0V
VbD
Constant
3.0v voltage
II. ov circuit VREG2
3 r
~ v L
Vss oL o a—

: Low-speed (crystal)
XLlNr.,E oscillator circuit :

Hi [F :
= . = :
T : 4 :

; — 32kHz

When 3.0V selected
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(2) Input/output port types

Either CMOS output or P-channel open drain can be selected in units of four bits for the input/
output pins : 1001 to 1004, 1011 to 1014, 1021 to 1024. For port types, see the Diagram of Input
/Output Port Types.

(3) High-speed oscillator circuit
Either the crystal or the CR oscillator circuit can be selected as the high-speed oscillator circuit.

(Note) After a reset, the CPU starts operating using the high-speed clock as the system clock.
Therefore, even if only a low-speed clock is used for the following processes, the high-
speed oscillator circuit must operate normally at startup. Select either the crystal or the
CR oscillator circuit and correctly connect the external component (crystal oscillator or
resistor) to the XHIN/XHOUT pin.

XHINl
Hi
. — el
crystal oscillator = %
I Rout d fH
XHOUT

When crystal oscillator circuit is selected

Y+ oo o

. s il
External resistor e )
Internal capacitor

XHOUT

When CR oscillator circuit is selected
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(4) Low-speed oscillator circuit
Either the crystal or the CR oscillator circuit can be selected as the low-speed oscillator circuit.
(Note) A low-speed clock is used in the LCD driver circuit. To display the LCD, the low-speed
oscillator circuit must be operated. When the CR oscillator circuit is selected, because
both resistor and capacitor are built in, an external component is not required. Connect
the XLIN pin to Vgg. If the pin is left open, the internal circuit gates become unstable,
possibly allowing surge current to flow.

XLIN|J_I
i o

crystal oscillator E

Rfb

fL

When crystal oscillator circuit is selected

R

ik
Internal capacitor

| —
LR T

Internal resistor

XLOUT

When CR oscillator circuit is selected

Input/Output Circuit
< - 0
z
IN (1) =
—]
—Do—< =
1/0(1) =
1
N
1/0(2) ; {—D
1
N

Fig.21 1/0 port

RIN : Internal pull-down resistor, 400k{) (Typ.)
R : Input protective resistor, 100} (Typ.)
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@ ELECTRICAL CHARACTERISTICS
1. Absolute maximam ratings (Vgg=0V)

Characteristic Symbol Rating Unit
Power Supply Voltage VDD -0.3~6.0 Vv
Input Voltage VIN -0.3~Vpp+0.3 Vv
Power Dissipation

P 350 mw

(Tope =80°C) D
Solder Temperature Tsol 260 (10s) °C
Storage Temperature Tstg -55~125 °C
Operating Temperature Tope 0~40 °C

2. 1.5V version (Unless otherwise specified, Vsg =0V, Topr=0~40°C)
(Recommended operating condition)

Characteristic Symbol Test condition Min Typ. Max | Unit
Power Supply Voltage VpD fxTH =200kHz 1.2 1.5 1.8 Vv
%TL1 Vpp=1.2~1.8V (Note 1) — |32.768 —
Oscillation Frequency f%TL2 Vpp=1.5V (Note 2) 20 33 55 | kHz
fXTH1 Vpp =1.5V (Note 3) — 200 —
Vv
Vpp = 1.3V bD 1 _ | vpp
- x0.8
H” Level VIH v
DD
Vpp = 1.7V — v
Input DD x0.7 DD
Voltage Vv v
Vpp = 1.3V o| — DD
i " x0.2
L” Level VIL v
DD
Vpp=1.7V 0 —
DD x0.3
Quadrupler Capacitance | C1q, Co — 1.0 — F
Vi — 10 —
Voltage Capacit V2 — 101 = F
oltage Capacitance Vs — 10 — 2
Vg — 1.0 —

(Note 1) Crystal oscillation circuit is used for low-speed oscillator.

(Note 2) Internal CR oscillator is used for low-speed oscillator.

(Note 3) An RC oscillating circuit configured with an external R is used for the high-speed
oscillator.
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Oscillation
Characteristic Symbol Test condition Min Typ. Max | Unit
. TSTA = 105, Topr= 25°C
1.4 — — \)
OSC Starting Voltage VSTA (Note 1)
OSC Holding Voltage VHOLD (Note 1) 1.2 — — \
Frequency Of Internal
=1. 2 kH
CR OSC Fosc1 Vpp =1.5V (Note 2) 0 33 55 z
Frequency of High- Vpp =1.5V
Speed 0SC FOsC2 | r< =150k (Note 3) | — 200 kHz
(Note 1) Crystal oscillation circuit for low-speed oscillator.
Input 1.4V or more at power-on.
(Note 2) Internal CR oscillator for low-speed oscillator.
(Note 3) An RC oscillating circuit configured with an external R is used for the high-speed

oscillator.

DC CHARACTERISTICS

Characteristic Symbol Test condition Min | Typ. | Max [ Unit
Input Current (1) lIH1 Vpp=1.8V, Viy=0V -500 —_ 500 nA
INT~IN4, 1001~1004,
1011~1014 L1 Vpp = 1.8V, V|N = 1.8V 3.21 45| 75| uA
| Vpp =1.8V, V|N=0V -500 — 500
Input Current (1-2) IH1 DD IN nA
(1021~1024) L1 Vpp = 1.8V, ViN = 1.8V -500| — 500
lIH2L Vpp=1.8V, ViN=0V
Input Current (2) (Note) | Low Register side -60) -36)-257 A
(BRESET) Vpp = 1.8V, V|y =0V H
. . - -3.6| -2.57
IH2H High Register side 6 3.6 >
Input Current (3)
| Vpp=1.8V, V|N=1.8V 6.43 9.0 15.0 A
(TEST) IL3 DD IN M
Output Current (1) IOH1 Vpp =1.2V, Vo4 =0.7V — — -150
1001~1004, LA
Output Current (1-2)
| Vpp =1.2V, VoH=0.7V — — - 150
(1021~1024) OH1 DD OH LA
Output Current (2) loH2 Vpp=1.2V, Vo =0.7V — — - 500 A
(B2) loL2 Vpp = 1.2V, VoL =0.5V 500 — — |~
lOH3 V1=1.125V, | voy=V4-0.5V — — | =100
Output Current (3) I V=225V, Ver =05V 100 A
(SEGMENT) OL3 v3=3.375v, | YOL=P H
lom3 Vq=4.5V VoM = V2 - 0.5V — — -50
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Characteristic Symbol Test condition Min | Typ. | Max | Unit
lOH4 Vq1=1.125V, | Voy=V4-0.5V — — -100
Output Current (4) loLa V=225V, VoL =0.5V 00| — — A
(COMMON) loma  |V3=3375V, [Vom=V3-05V — | = —50| “
loM4 Vg4=4.5V Vom =V1 +0.5V 50 — —
V1 1.075| 1.125| 1.175
V) 205| 225 245
V1=1.125V, Ta=25°C
Quadrupler Output V3 1 3475] 3375] 3575|
Vg 4.3 4.5 4.7
VDD = 1.5V, f§=200kHz |pisplay ON | — 48| 77
IbDOP fL=32kHz :
At high-speed operation |Display OFF| — — 73
Power Supply Current | VDD =15V, fL=32kHz |Display ON| — 95| 12
(1) Speed Crvstel DDSLOW | At low-speed operation |Display OFF| — — 11| uA
( ow-3peed Lryste ) Vpp = 1.5V, f=32kHz _ |Display ON| — 4 7
Oscillation Circuit IDDHOLD | |, HOLD mode Display OFF| — — 6
VDD = 1.5V
— 4 1
IDDSTOP |11 "s70P mode 0
Vpp = 1.5V, f=200kHz Display ON | — 50 77
IDDOP fL =Internal
At high-speed operation |Display OFF| — — 73
Power Supply Current | VDD = 1.5V, fL=Internal |Display ON| — 12| 17
(Iz_) speed CR DDSLOW | ot low-speed operation |Display OFF| — — 16 | 4A
( ow-opeed - t) VDD = 1.5V, fL =Internal |Display ON | — 5] 75
Oscillation Circui IDDHOLD | | HOLD mode Display OFF| — — 6.5
Vpp=1.5V
IDDSTOP |14 'sTOP mode _ 0.4 !

(Note)The BRESET pin is connected to Vpp (High level) via two resistors as shown below. To
minimize the current that flows at reset, the low resistance consists of a P-channel FET.
When the input level is Vgg (Low level), the FET is off. The resistance is ©. The specified
input current (2), IIH2L, is the current that flows when the low resistance =P-channel FET is
on. However, the low-resistance is off when V|N =0V, so actual measurement is impossible.

BRESET [} ’ {>c RESET

[

Vpp =High level
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3. 3.0V version (Vsg =0V, Topr=0~40°C)
(Typical operating condition)

Characteristic Symbol Test condition Min Typ. Max | Unit
Power Supply Voltage VDD fxTH =2MHz 24 3.0 3.6 Vv
XTL1 Vpp =2.4~3.6V (Note 1) — 32.768 — KH
Oscillation Frequen fxTL2 Vpp =3.0V (Note 2) 20 35 60 z
cifiation Frequency fxTH1 |VDD=2.4~36V  (Note 3) | — 20 — | o,
fXTH2 Vpp =3.0V (Note 4) — 2.0 —
VDD = 2.4V VoD | _ | ypp
i x0.8
H” Level VIH v
DD
Vpp =3.6V — Vv
Input bD % 0.7 DD
Voltage Y v
Vpp =2.4V 0 — DD
uypn x0.2
L” Level VL v
DD
Vpp =3.6V —
DD =36 0 x 0.3
Quadrupler Capacitance | C1q, Co — 1.0 — uF
Vs — 1.0 —
Voltage Capacit V3 — 101 = F
oltage Capacitance Va — 10 — 2
VXT — 1.0 —

(Note 1) Crystal oscillation circuit is used for low-speed oscillator.

(Note 2) Internal CR oscillator is used for low-speed oscillator.

(Note 3) Crystal oscillation circuit is used for high-speed oscillator.

(Note 4) An RC oscillating circuit configured with an external R is used for the high-speed

oscillator.

Oscillation

Characteristic Symbol Test condition Min | Typ. | Max | Unit
?Liivs;c;;:?i? Volta9® 1 verar  |TsTA=10s, Topr=25%C L I e
g{sighStse;r;Lndg) Voltage VsTa2  |TsTA=8ms 210 [ — — vV
(oLi(\:NI-lzttg)g Voltage VHOLD 1.65 —_ — Vv
&Si;hH;);:;rg Voltage VHOLD? 1.90 — — Vv
EE%J:gcy Of Internal fosc Vpp = 3.0V (Note 1) 20 35 60 | kHz
weoe |0 |wPro0  oeen| = | 0] = [

(Note 1) Internal CR oscillator for low-speed oscillator.
(Note 2) An RC oscillating circuit configured with an external R is used for the high-speed
oscillator.
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DC CHARACTERISTICS

Characteristic Symbol Test condition Min | Typ. | Max [ Unit
Input Current (1-1) lIH1 Vpp =3.6V, ViN=0V -500 — 500 nA
(IN1~IN4) L1 VDD =3.6V, V|N=3.6V 6.43 9.0 15.0]| A
Input Current (1-2)

(IOO1~IOO4, H1 Vpp =3.6V, V|N=0V -500 — 500 | nA
1011~1014,

\|021~|024 (*1) L1 Vpp =3.6V, V|y=3.6V 6.43 9.0 15.0 | xA
Input Current (1-3)

(|oo1~|oo4, H1 Vpp =3.6V, V|N =0V -500| — 500 | nA
1011~1014,

kI021~I024 (*2) 1K Vpp=3.6V, V|y=3.6V -500| — 500| nA

| Vpp =3.6V, VN=0V
Input Current (2) IH2L Low Register side A
(BRESET) VDD =3.6V, V|N =0V

| - . . -12| -7.2|-5.14
IH2H High Register side >

-120 -72(-514

Input Current (3)

I Vpp =3.6V, V|N=3.6V 12.9 18.0 30.0
(TEST) IL3 DD IN HA
Output Current (1) B 3
(|001~|004’ lOH1 Vpp =2.4V, VoH =19V — — -1.5( mA
1011~1014, % — =
\|021~|024 loL1 (*1) |Vpp=2.4V, Vo =0.5V 0.89| 125| 208| A
Output Current (2) IOH2 Vpp=2.4V, VoH=1.9V — — -2.0 A
(BZ) loL2 Vpp=2.4V, VoL =0.5V 20| — —
\YJ
lohs  |VDD=3.0V, OH — | — | -100
VREG = 1.125v, | =V4-0:5V
Output Current (3) VREGZ_Z_r,'V '
I 2=¢4. ' VoL=0.5V 100 — — A
(SEGMENT) oL3 V3=3.375V, ot g
Vg4=4.5V Vowm _ _ _
'om3 =V -0.5V >0
VoH
lIOH4 N\, — — - 100
Vpp = 3.0V, =V4-05V
| VREG=1.125V, | v =0.5V 1 _ _
Output Current (4) oL4 Vy =G2.25V, oL=0.5 00 .
(COMMON) lom4 V3=3.375V, Vowm _ _ -50 g
V4=4.5V =V3-0.5V
Vowm
I — —
oM4 =Vq +0.5V >0
Voltage Regulater VREG1 |VDD=3.0V, Ta=25°C (*3) [ 1.075] 1125[ 1.175]
Output VREG2 Vpp =3.0V, Ta=25°C (*4) — 1.8 —
Vo 2.05 2.25 2.45
Vpp =3.0V
Quadrupler Output V3 VREG = 1.125V, Ta=25°C 3.175| 3.375| 3.575| V
Vg 4.3 4.5 4.7

(*1) MASK CODE : A33F0, A33F1, A33F3 (*2) MASK CODE : A32F0, A32F1, A32F3
(*3) Voltage regulator for quadrupler (*4) Voltage output regulator for low-speed oscillator
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Characteristic Symbol Test condition Min | Typ. | Max [ Unit
Vpp=3.0V, fy=2MHz  |pisplay ON | — 0.85 1.2
Power Supply Current | IDDOP  |fL=32kHz : mA
(1) At high-speed operation [Display OFF| — — 1.2
(High-Speed Crystal | Vpp =3.0V, f=32kHz Display ON — 17.0 24.0
Oscillation Circuit DDSLOW | At low-speed operation |Display OFF| — 230
| Vpp =3.0V, fL=32kHz |Display ON | — 55 110]
(Low—Speed Crystal ) DDHOLD | | HOLD mode Display OFF| — — 100] “
Oscillation Circuit Vpp = 3.0V
IDDSTOP | |1"5T0P mode — 0.8 1.2
Vpp=3.0V, fy=2MHz  |pisplay ON | — 0.85 1.5
Power Supply Current | IDDOP  |fL=32kHz - mA
(2) At high-speed operation |Display OFF| — —_ 15
(High-Speed CR ) | Vpp=3.0V, f_=32kHz [Display ON | — 170 24.0
Oscillation Circuit DDSLOW | At low-speed operation |Display OFF| — 23.0
| Vpp=3.0V, f_ =32kHz |Display ON | — 55 11.0]
(Low—Speed Crystal) DDHOLD | | HOLD mode Display OFF| — | — | 100]| “
Oscillation Circuit Vpp =3.0V
IDDSTOP ||1"570P mode — 0.8 1.2
Vpp=3.0V, fy=2MHz  |pisplay ON | — 0.85 1.5
Power Supply Current | IDDOP  |fL=Internal - mA
(3) At high-speed operation |Display OFF| — — 15
(High-Speed CR ) | Vpp =3.0V, fL =Internal [Display ON —_ 23.0( 40.0
Oscillation Circuit DDSLOW | At low-speed operation [Display OFF| — | — | 39.0
| Vpp =3.0V, f =Internal |Display ON [ — 6.5| 14.0 A
(Low—Speed CR t) DDHOLD | | HOLD mode Display OFF| — | — | 120| “
Oscillation Circui Vpp =3.0V
IDDSTOP |14 'sTOP mode - 0.8 14
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@ EXAMPLE OF APPLICATION CIRCUIT

LCD

TEST

va

\'E]

V2

Vi

VXT

(@]

IN IN
1 2 3 4

10
01

SEG1~60/COM1~8

(SEG1~58/COM1~10) BZ

(*sﬁ XHIN

: XHOUT

TMPO4CHOOFXXX (%; XLIN

: XLouT

BRESET

Vss

IO 10 10 10 10 10 10 10 10 10 10 VDD
02 03 04 11 12 13 14 21 22 23 24

.....

”

(*1) Either 1.5V or 3V can be selected as the supply voltage.

(*2) Recommended high-speed oscillator circuit capacitor: 22pF

(*3) Recommended low-speed oscillator circuit capacitor : 15pF

(*4) Insert a 0.14F capacitor between BRESET and Vsg.
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(*5) High-speed CR oscillator circuit (optional)

XHIN | 150k (200kHz@1.5V)
S
T 13kQ @MHz@3.0V)

XLOUT C and R are built in.
Connect XLIN to Vgs.

(*7) Adjust between 0.1 to 1.0xF depending on the size of the LCD panel used.
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b AR A [
100§ © %31
L

‘ !
3.05MAX

0.1940.1 || 2.740.2

Weight : 1.65g (Typ.)
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(2) Bare Chip
1. Pad assignment

R R N R LR R R R R R
L e e T Vo T ¥ T ¥ e T ¥ o T ¥ o T ¥ T ¥ o B ¥ o T ¥ T ¥ T ¥ e I o T ¥ e T ¥ ¥ e T e T ¥ o T ¥ O ¥ o B e T ¥ I ¥ e I e B Ve I e I ¥ ]
OO0000OO0O000O0O000O0O0O0O0OOoO0oO0O0oOoOooOooOoon
ss1 (1O O || s22
Ss2 1| O m] $21
COM16 O ] S20
COM15 O ] 519
comi4 || O O || s1s
COM13 O a S17
comiz || O O |l s1s
com1 || O O |} s1s
COM10 O O 514
come || O O || s
covs || O [ | BT
cov? 1 o JTMPO4CHO 1XXXS a || s+
cowms || O O || s1o
coms Il O (TOP VIEW) a || se
comva |10 O || ss
com3 || O O sy
COM2 O ] S
com1 10O O 1ss
vg || O O Sg
V3 m} O S3
vo 10O [ | K
20 | = O ] s1
OO0000O00000000O0OO0O0O0O0O0O0O0oOoOoO0oO0oOoo

SO AKLEEREEENZS23235833 2235838
= a= zzzz - = = =
>30235%£3u"Z2225600000000000
o — T - - - - ---=-=-=-=-=-=-=
o x x
Chip size 5.04x5.78 (mm)

Chip thickness 450£30 (um)

Substrate voltage Vsg
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2. Pad location table (x1073mm)

No. NF;\AI\?E X POINT Y POINT No. NF;\AI\[/?E POINT Y POINT
1 V1 —1957 2653 37 | Sg ~599 —2653
2 Cq —2253 2375 38 | sq —431 ~2653
3 Cy —2253 2201 39 | Sqp —256 ~2653
4 Vgg -2253 2038 40 S11 -85 —-2653
5 VXT —2253 1871 41 | sz 85 ~2653
6 BRESET —2253 1699 42 | sq3 258 ~2653
7 XLIN —2253 1519 43 | S 428 ~2653
8 XLOUT —2253 1345 44 | S5 601 ~2653
9 VDD ~2253 1144 45 | S1g 771 ~2653
10 | XHIN —2253 944 46 | S17 944 ~2653
11 | XHOUT ~2253 772 47 | S1s 1114 - 2653
12 | TEST —2253 592 48 | S19 1287 ~2653
13 | BZ —2253 410 49 | sy 1457 ~2653
14 | IN1 —2253 227 50 | Soq 1630 ~2653
15 | IN2 — 2253 59 51 | Sy 1959 -2653
16 | IN3 ~2253 112 52 | S»3 2253 —2283
17 | INa —2253 ~280 53 | Sog 2253 2112
18 | 1001 — 2253 — 468 54 | S5 2253 - 1945
19 | 1002 — 2253 - 639 55 | Sog 2253 -1774
20 | 1003 —2253 -815 56 | S»7 2253 - 1607
21 | 1004 —2253 ~986 57 | Sys 2253 ~ 1436
22 | 101 —2253 ~1162 58 | Sz9 2253 ~1269
23 | 1012 —2253 — 1333 59 | S3p 2253 - 1098
24 | 1013 —2253 — 1509 60 | S31 2253 —931
25 | 1014 —2253 — 1680 61 | S3o 2253 ~760
26 | 1021 —2253 ~ 1856 62 | S33 2253 -593
27 | 1022 ~2253 —2027 63 | S3a 2253 —422
28 | 1023 —2253 — 2203 64 | S35 2253 —255
29 | 1024 —2253 —2374 65 | S3p 2253 —84
30 | sq ~ 1960 ~2653 66 | S37 2253 84
31 | s ~1628 ~ 2653 67 | S3s 2253 255
32 | s3 ~ 1460 ~2653 68 | S39 2253 422
33 | sS4 ~ 1285 ~2653 69 | Sa0 2253 593
34 | s 1117 — 2653 70 | Saq 2253 760
35 | sg —942 ~2653 71 | Sap 2253 931
36 | Sy —774 ~2653 72 | Sa3 2253 1098
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No. NF;\AI\?E X POINT Y POINT
73 | Saa 2253 1269
74 S45 2253 1436
75 | Sag 2253 1607
76 | Sa7 2253 1774
77 | Sas 2253 1945
78 | Sag 2253 2112
79 | Sso 2253 2283
80 | S5 1959 2653
81 | S5 1629 2653
82 | COM16 1459 2653
83 | COM15 1286 2653
84 | comia 1116 2653
85 | COM13 943 2653
86 | COM12 773 2653
87 | com1 600 2653
88 | COM10 430 2653
89 | COM9 257 2653
90 | COMS 87 2653
91 | com7 —87 2653
92 | com6 — 257 2653
93 | COMS5 ~430 2653
94 | coma4 ~600 2653
95 | com3 ~773 2653
9% | com2 ~943 2653
97 | comn ~1116 2653
98 | Vi — 1291 2653
99 | V3 — 1468 2653
100 | Vs ~ 1638 2653
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