TOSHIBA TMP04060F-XXX(JTMP04060-XXXS)

TOSHIBA CMOS DIGITAL INTEGRATED CIRCUIT SILICON MONOLITHIC

TMP04060F-XXX(JTMP04060-XXXS)

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

4 OUTLINE

The TMP04060F-XXX is an advanced microcontroller
developed for applications in multi-digit calculators and
LCD remote controllers.

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

The basic features are as follows.

LQFP60-P-1414-0.80
& FEATURES Weight : g (Typ.)

® Number of instructions : 56

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

® Oscillating circuit :
USE FOWER | HiGH-spEED LOW-SPEED
Voltace | OSCILLATOR OSCILLATOR
15V internal CR internal C
) (78 kHz) (16 kHz)
Calculator - -
30V internal CR internal C
’ (1.1 MHz2) (30 kHz)
cemot 30V — 36.864 kHz (X'tal)
emote 30V 2 MHz (X'tal) | 32.768 kHz (X'tal)
controller - .
3.0V | 455kHz (X'tal) | 32.768 kHz (X'tal)

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 TMP04060F-XXX(JTMP04060-XXXS)

® Built-in ROM size : 4K words (1 word = 16 bits)
® Built-in RAM size :
Work RAM 1 384 x 4 bits
® Input pins : 4 pins (with interrupts)
® |/0 pins : 12 pins (Output pins for key strobe)
® Output pins : 1pin (carrier wave output)
® |[nterruption : 2 external system (input pins, general-purpose 1/0 pin)

1 internal system (timings)
® LCD display driver controller : 27 seg x 4 com
® Built-in LCD driver power circuit

® Watchdog timer
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TOSHIBA TMP04060F-XXX(JTMP04060-XXXS)

Block Diagram

TEST XHiN XHouTt XLy XLouT BRESET
TeSt. Oscillator Reset
Circuit Control
T4X CORE
A) | Z Work RAM
ROM (1.5 K bits)
(4 K words) A
Display RAM
LCD SEG1 to 27 (OUT1 to 4)
Control COM1 to 4
Vss
PAREN Quadrupler VbD
Interrupt N 7 + 2
Control Haber
1
VA
VB
AR
Watchdog [N 7
Timer
Buzzer
Control
Remote
IN1 to 4 .
IN Port Control Carrier
1001 t0 08 (O=—= |/ port | [ Wave Output [—— ) TP
1011 to 14 @ Circuit (82)
1021 to 24 | I
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TOSHIBA TMP04060F-XXX(JTMP04060-XXXS)

Pin Assignment

45 31
46 30
60 16
15
PIN No. PIN NAME PIN No. PIN NAME
1 C1 31 $24 (OUT1)
2 Cc2 32 $23
3 Vss 33 S22
4 BRESET 34 S21
5 XLIN 35 S20
6 XLouT 36 S19
7 VDD 37 S18
8 XHIN 38 S17
9 XHouT 39 S16
10 TEST 40 S15
1 TP 41 S14
12 IN1 42 $13
13 IN2 43 $12
14 IN3 44 S11
15 IN4 45 S10
16 1001 46 S9
17 1002 47 S8
18 1003 48 S7
19 1004 49 S6
20 1011 50 S5
21 1012 51 S4
22 1013 52 $3
23 1014 53 $2
24 1021 54 S1
25 1022 55 com4
26 1023 56 com3
27 1024 57 com2
28 $27 (OUT4) 58 COoM1
29 $26 (OUT3) 59 VA
30 $25(0UT2) 60 VB
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TOSHIBA

TMP04060F-XXX(JTMP04060-XXXS)

Pin Description

PIN NAME FUNCTION
VDD Power supply (+)
Vgg Power supply (-)
VA, VB Boosted voltage output
C1 to Q2 Capacitor pin for LCD booster

XH|N to XHouTt

Crystal / resister connection pin for high-speed oscillator

XLN to XLouT

Crystal connection pin for low-speed oscillator

IN1 to IN4 Input port (with interruption)
1001 to 1004 /0 port (with interruption)
1011 to 1014 I/0 port

1021 to 1024 /0 port

SEG1 to SEG27

LCD segment output (SEG24 to SEG27 are also used as OUT1 to OUT4)

COM1 to COM4

LCD common output

TP

Carrier wave output for remote control (in common with buzzer output)

BRESET

Reset input (low active)

TEST

Test input
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TOSHIBA TMP04060F-XXX(JTMP04060-XXXS)

4 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 4 K words per page.

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
Address Upper 8 bits ” Lower 8 bits
1
I
000H Reset ! Start
0001H INTO I Interrupt
_______________ It o SRP P
0002H INT1 | Entry
_______________ ]
0003H INT2 : Address
Page |  [77°7777TTTTTTTN o TT T T T
0 0004H 1
_______________ N
0005H |
_______________ o —
0006H : _______________
1
oo07H| ______________ : _______________
1
1
1
OFFFH !
15 8 7 0

Fig.1 Program memory map

(Note) : Use the CALL instruction to write the interrupt entry address. Write NOP for
unused interrupts.
Example : CALL A : INTO
NOP : INT1
CALL B : INT2
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TOSHIBA TMP04060F-XXX(JTMP04060-XXXS)

2. Work RAM

Address

A Bank 0
— ™~
F ED C B A 9 8 7 6 5 4 3 2 1 0
4 Fl 63 62 61 60 59 58 57 56
E| 55 54 53 52 51 50 49 48
p| 47 46 45 44 43 42 41 40
c| 39 38 37 36 35 34 33 32
Bl 3 30 29 28 27 26 25 24
Al 23 22 21 20 19 18 17 16
9] 15 14 13 12 1 10 9 8
Page< 8 7 6 5 4 3 2 1 0
7
6 : : H : H :
5 : : 1527|5261 $25(524: 523[$22: 521[$20: $19[S18:$17]
4 [s16:515[s14i513|512i511{510: 59 | $8: 57|36 55|54: 53|52 51
3 B B B B H B H B
2
1
\_ 0
Address
A Bank 1
— ™~
F E D C B A 9 8 7 6 5 4 3 2 1 0
s 7 . . . . H . H .
6
5
Page < 2
2
1
L o

Stack Area

X:1to27
Internal display RAM

Fig.2 Work RAM

<not supported : bank 1>
Note that pages 8 to F of the bank do not exist. Don’t try to use them.
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TOSHIBA TMP04060F-XXX(JTMP04060-XXXS)

Bank 0 of Work RAM consists of 256 x 4 bits.
Bank 1 of Work RAM consists of 128 x 4 bits.
R/W is performed at the address specified by bellows.

DMB HR LR
(1) Indirectly addressing mode (Fig.3 (a)) [ ] ] | |
DMB in F-reg, H, L-reg specify the Work RAM address. RAM address | : | | l | l |
(DMB : bank, H-reg : page, L-reg : address)
LD A, M : AcRAM (HL) (a) Indirectly addressing

Instruction field

| I XXXX i XXXX | |
(2) Directly addressing mode (Fig.3 (b)) ¥ .
| | XXXX : XXXX |
Immediate data (8 bits) in instruction specify the Work bMB
RAM page and address.
Bank is specified by DMB in F-reg. I;l
LD 2CH, OAH : RAM (2CH)«<AH RAM address | | | o0 1 oo |

(b) Directly addressing

(3) Index addressing mode (Fig.3 (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 227z |
LeL + 1, AA - 1

(c) Index addressing

Fig.3 Addressing mode

2-1. Stack RAM area

BANK 0, PAGE 8 to 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 to 63), and each Stack area consist of 8 bits.
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TOSHIBA TMP04060F-XXX(JTMP04060-XXXS)

2-2. Display RAM area

Banks 0, page 4, and 5 (addresses 0 to A) can also be used as display RAM.

3 2 1 0

PC6 —_ (EXO) DON DSTA
R/W —_ R/W W W
Initial Value — 0 0 0

The display RAM area is structured as shown below :

Address Bank 0
N
4 N\
F E D C B A 9 8 7 6 5 4 3 2 1 0
CCccc CCccC CCcCcC
0000 | 0000 — ||| | ||| |||« |« ]|« 0000
MMMM [ MMMM MMMM
4321 4321 4321
Page{s S$27 (526 |S25(S24|S23|522|521|S20|S19(S18| S17
4 S16 S15 $141513[S12(S11(S10| S9 | S8 | S7 | S6 | S5 | S4 | S3 | S2 S1

DATA write for display RAM only 4-bit transfer instructions available.
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TOSHIBA TMP04060F-XXX(JTMP04060-XXXS)

REGISTER FILE
Register files consist of 1. general-purpose registers and 3. peripheral 1/0 registers.
1. General register

1.1  Flag Register : F-Register (PAGE/AD = 0/0)

3 2 1 0
ROO DMBO DMB1 ZF CF
R/W R/W R/W R/W R/W
Initial Value — — — —
CF : Carry Flag
ZF : Zero Flag

DMBO : Work RAM Bank
DMB  : Always set to “0”.
1-2.  Accumulater register : A-register (PAGE/AD = 0/1)
1-3.  H.L register (PAGE/AD = 0/3 to 2)
H.L Register are used for Work RAM address setting with DMB.

H Register
3 2 1 0
RO3 HR3 HR2 HR1 HRO
R/W R/W R/W R/W R/W
Initial Value — — — —
. Work RAM page
L Register
3 2 1 0
R0O2 LR3 LR2 LR1 LRO
R/W R/W R/W R/W R/W
Initial Value — — — —

Work RAM address
1-4. Bank register (PAGE/AD = 0/7): B-register
B-Register is used for ROM Page.

* TMPO4060F has only page 0(0000. Do not use the upper page.

3 2 1 0
RO7 BR3 BR2 BR1 BRO
R/W R/W R/W R/W R/W

Initial Value — —_ — —

1-5. D-register, E-register, P-register
General-purpose register. (PAGE/AD =0/5,0/4, 0/6)
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 TMP04060F-XXX(JTMP04060-XXXS)

4 PERIPHERAL CIRCUIT

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

1. Oscillator block

1-1.

Dual-clock specifications (system where both high-speed and low-speed oscillators are used)

3 2 1 0
PAG — LOWCP CPMODE2 | CPMODE1
R/W —_ R/W R/W R/W
Initial Value — 0 1 1

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 SI._F(’)E\{EVIS ;‘F[EEE SYSTEM MODE

1 2 cP NAME
0sC 0sC

0 0 OFF OFF OFF (CPMVIO)

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.

Oscillator types depending on use

POWER SUPPLY

USE VOLTAGE HIGH-SPEED OSC LOW-SPEED OSC
Internal C (16 kHz)

Caleulator 1.5V Internal CR (78 kHz) <External R>
Internal C (30 kHz)

3.0V Internal CR (1.1 MHz) <External R>
Remote 3.0V X'tal (2 MHz) X'tal (32.768 kHz)
controller 3.0V X'tal (455 kHz) X'tal (32.768 kHz)
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TOSHIBA TMP04060F-XXX(JTMP04060-XXXS)

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 CPMO0 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 low-speed oscillation does not have enough warm-up time, therefore, when the
oscillation is started, software need to make warming up time enoughly.

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.
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TOSHIBA

TMP04060F-XXX(JTMP04060-XXXS)

After warming up, go to CPM3

Reset START
mode l
High-speed
mode
INT. After
warming
up HALT at CPM1
Stop Low-speed
mode HALT at CPMO mode INT.

Fig.5 Mode status

HALT
mode

(Low speed ON)
CPU STOP

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

(Note 1) :
(Note 2) :

(Note 3) :

3 2 1 0

PA7W RST — — —
R/W W — — —
Initial Value 0 — — —

RST : Binary counter reset

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.

When using a crystal oscillator for low-speed oscillation, do not change to STOP

mode.
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TOSHIBA TMP04060F-XXX(JTMP04060-XXXS)

Al-option

Binary counter

16kHz/32.768kHz/| 4kHz
Low-speed clock fi 36.864 kHz 4(5(6|7]|8]9[10(11|12]13]14]15

selector

t— RST
System CP j
generator

Fig.6 Divider circuit

Example 1

START mode (After warming up, program start at address 0000.)
\:

CPM3 (High /Low speed ON, SYSCP
J LD 260, 7H

CPM3 (High /Low speed ON, SYSCP
| 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)

High, LOWCP OFF)

High, LOWCP ON)

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.1).

Example 2

START mode (After warming up, program start at address 0000.)
\:
CPM3 (High /Low speed ON, SYSCP = High, LOWCP OFF)
| 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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TOSHIBA TMP04060F-XXX(JTMP04060-XXXS)

Example 3

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)
(Just changing to CPMO does not change the oscillator mode.)
d LD 260, 7H
CPM3 (High/Low speed ON, SYSCP = High, LOWCP ON)

Example 4 (After reset)

BRESET

L |

fL 4|\A’\MA] ss |

SYSTEM CP
Stop Unstable Warming up for _l I—
mode | I High-speed OSC ss I I
I OSC | (16384 clock 7.8 ms/2 MHz) | 2.86 15/2 MHz | c(zgmo;)u

Warming up for
Unstable I Low-speed OSC I

0osC | (256 clock 7.8 ms/32.768 kHz) |
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TOSHIBA TMP04060F-XXX(JTMP04060-XXXS)

Example 5 (CPM3—1)

LI ) ) ) ) 15 15 5
i
oI LT L7 7 T T

Command max 64 us/32.768 kHz I
CPM3—1 I

fH
fL

CPM3 CPM1

Example 6 (CPM1-2)

i ) ) ) — M SJ_L,_I—ﬁJ_I-s d_\_l_Lﬂ_
T T T T T

max max

Warming up 15 ps/ 1.43 ps/2 MHz
| Command CPMI—2 | Unstable | for High-speed OSC |32.768 kHz
I | | 16384 clock | |
0sc (7.8ms/2 MHz)
cevn CPM2

(Note) : No warm-up is provided for high-speed and low-speed RC oscillations by mask
options.
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TOSHIBA TMP04060F-XXX(JTMP04060-XXXS)

1-2. Single-clock specifications (system where low-speed oscillator is only used )

Oscillator types depending on use

SUPPLY ] ]
USE VOLTAGE HIGH-SPEED LOW-SPEED
Remote 30V — X'tal (36.864 kHz)
controller
3 2 1 0
PAG — LOWCP CPMODE2 | CPMODE1
R/W — R/W R/W R/W
Initial Value — 0 0 1

The CPU clock is generated by the asynchronous oscillator switching circuit which has low-
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. Once CPMODE1 and CPMODE2 are set, low-speed oscillator will start and it can not

be turned off.

CPMODE | CPMODE sLF?E\{-:VB ?FlgEHé SYSTEM MODE
1 et e cpP NAME
1 | 0o | ON | OFF | Low speed | (CPM1)

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.
When using "HALT" instruction at CPM1, mode is changed to HALT mode (System CP OFF,
Low-speed OSC ON).
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TOSHIBA TMP04060F-XXX(JTMP04060-XXXS)

Reset START After warming up, go to CPM1
—_—
mode
HALT at CPM1
Low-speed HALT
mode INT. mode

(Low speed ON)
CPU STOP

Fig.7 Mode status

TMP04060 has 15 bits Divider.
The reset for this Divider circuit is done by Register file RST (PA7W).

3 2 1 0

PA7W RST — — —

R/W w — — —

Initial Value 0 — — —
RST : Binary counter reset
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TOSHIBA TMP04060F-XXX(JTMP04060-XXXS)

Al-option
Binary counter
16 kHz/32.768 kHz /| 4KkHz
Low-speed clock f|_ 36.864 kHz 41516|7|8|9]10[11]12|13[14]15
selector

1— RST
System CP j
generator

Fig.8 Divider circuit

Example 1

START mode (After warming up, program start at address 0000.)

\:
CPM1 (Low speed ON, SYSCP = Low, LOWCP ON)

(There are no change after shift to CPMO)
| HALT

HALT mode (High-speed OSC, OFF, Low-speed OSC, ON, SYSCP OFF, LOWCP ON)

When an interruption occurs, the mode is changed to low-speed mode and program start at the
address which is decided by each interruption .

Example 2 (After reset)

BRESET | I
. [ 4
SYSTEM CP

Stop

Warming up
mode | IUnstabIe for Low-speed OSC 4 I
CPU ON
I I 0scC I (288 clock, 7.8 ms/36.864 Hz) I (CPMI1)
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TOSHIBA TMP04060F-XXX(JTMP04060-XXXS)

2. Interruption block
Interruption is supplied by IN1 to 4, 1/001 to 04, Timer/Counter, Timing.
(Interruption Priority)

The priority of the interrupts is fixed as shown in the table below.

INTO INT1 INT2
TIN IIN IOIN
(Higher)
Priority (Lower)

IIN: IN1 to 4, IOIN: 1001 to 04, TIN: Timing

(Interruption enable/disable)
Each interruption (lIN, IOIN, TIN) is decided disable/enable as follows.
IIN : lIE1 to 4 (PC2-BITO to 3)
IOIN : IOIEO (PC3-BITO)
TIN : TIE1 to 4 (PD3-BITO to 3)

Each interruption is decided disable/enable by INTO to 2.
Disable the unnecessary interrupts in your application by initial settings of IIE1-4, IOIE, TIE1-4, and
TCI1E/ 2E.

INTO to 2 are initially 0 (disable).

3 2 1 0

R12 INT2 INT1 INTO (0)
R/W R/W R/W R/W —
Initial Value 0 0 0 0

0 INTO to 2 disable
=1 INTO to 2 enable

INTO to 2
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TOSHIBA TMP04060F-XXX(JTMP04060-XXXS)

(Interrupt reset)

When an interrupt is detected, reset the interrupt as follows;

First reset the interrupt latch by disabling the interrupt (input interrupts IN1 to IN4, 1001 to
1004, timing interrupts TI1 to TI4 using the corresponding register file (IN1 to IN4 : PC2 (IIE1 to
1IE4), 1001 to 1004 : PC3 (IOIEQ), TI1 to TI4 : PD3 (TIE1 to TIE4). Next, reset the interrupt latch
circuit for the core by disabling/enabling the interrupt using register file R12 or R13. (Enable the
interrupt again by a transfer instruction to R12 or R13 if necessary.)

Input Interruption|  INO1 to 04 INO 3
X—r~—  taten >
IN1 to 4 P
4 Circuit a
1“‘ 1 >
CPU CORE
IIE1 to 4
Input Inte:r:cp';clon 1IN1
g |+ a L
1001 to 1004 4 Circuit )
I0IED Interruption
INTO to 2 Latch » 10 CORE
. INT
. Circuit
Timing Intel_rr:p:lon TIN recognition
>——F— atc
(1Hz to 32 Hz) . Reset
4 Circuit Instruction execution
transfer to register
4 files R12
TIE1 to 4

Fig.9 Interruption circuit block
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TOSHIBA TMP04060F-XXX(JTMP04060-XXXS)

2-1.  Input/Inoutput Interruption

(Interruption enable/disable)

3 2 1 0
PC2 IIE4 IE3 IIE2 IE1
R/W R/W R/W R/W R/W
Initial Value 0 0 0 0

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
IIE4 = 0 IN4 Interruption disable
1 IN4 Interruption enable

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

3 2 1 0
PC3 — — — IOIEQ
R/W — — — R/W
Initial Value — — — 0

IOIEO= 0 1001 to 4 Interruption disable
=1 1001 to 4 Interruption enable

IOIEQ is initially 0 (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 to 4 or IOIEQ.
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(Interruption Data Read)
Interruption Data of IN1 to 4 can be read by Register file [IN1 to 4.

3 2 1 0

PC1R 1IN4 IIN3 1IN2 1IN1
R/W R R R R
Initial Value 0 0 0 0

Example

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

(Recognize IN1 interruption is occurred.)
LD 420, OEH (reset IN1 interruption)

2
LD 120, OFH (set enable to INTO to 2)
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2-2. Timing interruption
(Timing Interruption enable /disable)

Selected Timing Interruption can be controlled enable/disable by Register file TIE1 to 4
(PD3).
TIE1 to 4 are initially 0 (disable).

<High-speed oscillator : 2 MHz, low-speed oscillator : 32.768 kHz>

3 2 1 0
PDO3 TIE4 TIE3 TIE2 TIE1
R/W R/W R/W R/W R/W
Initial Value 0 0 0 0
TIE1 =0 1Hz INT. disable
1 1Hz INT. enable
TIE2 =0 2Hz INT. disable
1 2Hz INT. enable
TIE3 = 0 8Hz INT. disable
1 8Hz INT. enable
TIE4 = 0 32Hz INT. disable
1 32Hz INT. enable

(Timing interruption read)

Selected Timing Interruption can be read by Register file TI1 to 4 (PDOR).
<High-speed oscillator : 2 MHz, low-speed oscillator : 32.768 kHz>

3 2 1 0

PDOR T4 TI3 TI2 T
R/W R R R R
Initial Value 0 0 0 0

TI1 : Interruption data of 1 Hz
TI2 : Interruption data of 2 Hz
TI3 : Interruption data of 8 Hz
TI4 : Interruption data of 32 Hz
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(Interruption edge selection)

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

3 2 1 0
PCO —_ ESELT (ESLIO) (ESSELI)
R/W —_ R/W R/W R/W
Initial Value — 0 0 0

ESELT = O : Interruption at rising Edge of Timing INT.
1 : Interruption at rising Edge of Timing INT.

3. Watchdog timer

JTMP04060-XXXS incorporates a one-channel independent dedicated watchdog timer. Watchdog time
can be selected from 32.768 kHz, 0.5, 1.0, or 2.0 seconds. Writing to PA4 of the register file clears
the watchdog timer.

3 2 1 0
PA4 WDT2 WDT1
R/W R/W R/W
Initial Value 0 0
WDT?2 WDT1 32.768 kHz
0 0 Stop
0 1 05s
1 0 1.0s
1 1 2.0s

* To run the watchdog timer, the binary counter circuit must be run.
* The binary counter dose not run while CPU is in CPM2 mode.
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4.

I/O PORT (Refer to Fig.10)

TMPO4060F-XXXX has 4 inputs and 12 |/O ports.
4 inputs and 4 |/0 ports have Interruption.For details, refer to page 128.

4-1. INPUT (IN1 to 4)
Each input data can be read by Register file IND1 to 4.

3 2 1 0

PAOR IND4 IND3 IND2 IND1
R/W R R R R
Initial Value 0 0 0 0

Each input Interruption function can be set enable/disable by Register file IIE1 to 4.

3 2 1 0
PC2 IIE4 lIE3 IE2 lE1
R/W R/W R/W R/W R/W
Initial Value 0 0 0 0
IIE1 to 4 =0 : IN1 to IN4 each Interruption disable

= 1 : IN1 to IN4 each Interruption enable

(Note) : 1IE1 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 to 4) Interruption data can be read by Register file [IN1 to 4.

3 2 1 0

PC1R IIN4 IIN3 1IN2 IIN1
R/W R R R R
Initial Value 0 0 0 0

(Note) : Interrupt data IN11 to IN14 cannot be read out. Only the data input from ports
can be read out. (refer to Fig.9.)
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Interrupt timings (rising edge/level) can be selected using register file ESELI.

3 2 1 0
PCO —_ (ESELT) (ESELIO) ESELI
R/W —_ R/W R/W R/W
Initial Value — 0 0 0
ESELI = 0 IN1 to 4 : Interruption at rising edge of input INT.

1 IN1 to 4 : High level of input INT.

Input level-triggered interrupts are possible when ESELIO = 1. In this case, if interrupts have
been enabled by register files INTO-2, the interrupt remain asserted while the input level is
high.

IN —I |—
INTO to 2
enable /disable l_l—
INT —l_l I I

Fig.10 Interruption by high level-read

SELECTING INPUT PULL-DOWN RESISTOR

Using bit 2 of register file PD5, a pull-down resistor can be connected/disconnected to IN1 to IN4.

3 2 1 0
PD5 — INR (TPCNT) (IB)
R/W — R/W R/W R/W
Initial Value —_ 0 0 0

The INR initial value is 0 (pull-down resistor off).
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4-2. 1/0 ports (I001 to 1004)
Each input data can be read by I0D01 to IOD04 of Register file, when using input port.

3 2 1 0
PA1R I0D04 I0D03 I0D02 I0DO01
R/W R R R R

Initial Value —_ — — —

1001 to 1004 have Interruption, each interruption function can be set disable/enable by
Register file PA1R.
(Four interrupt sources are collectively disabled /enabled by IOIEQ.)

3 2 1 0
PC3 — — — IOIEQ
R/W — — — R/W
Initial Value — — — 0
IOIEO = 0 : 1001 to 1004 Interruption disable

1 : 1001 to 1004 Interruption enable

(Note) : The 1001-1004 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 to 1004 cannot be read out. Only the data input from
ports can be read out.

3 2 1 0
PCO — (ESELT) ESELIO (ESELI)
R/W — R/W R/W R/W
Initial Value — 0 0 0

ISELIO = 0 IN1 to 4 : Interruption at rising edge of input INT.
=1 IN1 to 4 : High level of input INT.
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Input level-triggered interrupts are possible when ESELIO = 1. In this case, if interrupts have
been enabled by register files INTO-2, the interrupt remain asserted while the input level is
high.

I L
INTO to 2 I_I—
enable /disable

. _,_I I_I

Fig.11 Interruption by high level-read

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

3 2 1 0

PATW 10004 10003 10002 10001
R/W W W W W
Initial Value 0 0 0 0
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4-3. 1/0 ports (1011 to 1014, 1021 to 1024)

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

3 2 1 0

R14R I0D14 IOD13 I0D12 I0D11
R/W R R R R
Initial Value —_ — — —
3 2 1 0

R15R 10D24 I0D23 I0D22 I0D21
R/W R R R R
Initial Value 0 0 0 0

When using each input/output port for output, the output data can be set using the register
file shown below.

3 2 1 0

R14W 10014 10013 10012 10011
R/W w w w w
Initial Value 0 0 0 0
3 2 1 0

R15W 10024 10023 10022 10021
R/W W W W W
Initial Value 0 0 0 0
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INPUT /OUTPUT CIRCUITS

R
IN1 to IN4 [ -

1001 to 1004
1011 to 1014
1021 to 1024
* Low (Pull down)
after reset

rd
~J

Fig.12 Structure of input/output port

RIN : Internal pull-down resistor, 400 k) (Typ.)
R : Input protective resistor, 150 {) (Typ.)
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4-4. Expanted output ports (031 to 034)
Setting when using SEGMENT Driver as an output port.

3 2 1 0
PC6 —_ EXO (DON) (DSTA)
R/W —_ R/W W W
Initial Value — 0 0 0
EXO SEG PIN
SEG24 TO 27
0 SEG Dr
1 Output ports

The initial value of EXO is 0.

Each data for output port can be set by following Register file.

3 2 1 0
PD4AW 0034 0033 0032 0031
R/W R/W R/W R/W R/W
Initial Value 0 0 0 0

OUTPUT CIRCUIT

CONTROL SIGNAL o )°—| So———
S% V3

out siGNAL ——>o T oo >o 1.
o[l

o)

ﬂIIJ .

031 to 034

|
* SEGMENT is ’-T|E
n
]
|

output port after
reset

SEG OUT {>c

Vaw V3 V2 Vssw

Fig.13 Structure of output port
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5. Remote control transmitter circuit (Carrier wave output)

This port is an output-only port for carrier wave output. The circuit consists of a carrier wave
decoder and an output buffer. Fig.14 shows an example of the structure of output code from the
port.

Carrier wave can be selected using the register shown below.

1/2duty

Preset
counter Carrier

fy o—

Carrier wave Output
decoder buffer

wave
selector

—o TP

f'—c

When a 36.864-kHz oscillator is used, the carrier waveform has the same cycle as that of source
oscillation (fosc). This output waveform can be programmed in units of one instruction in two
cycles. When using a 2-MHz oscillator, with 1/106 frequency (1/2 duty), the waveform can be
programmed in units of 106 instructions in two cycles.

Fig.14 shows an example of code structure where custom code and data code are generated in 8
bits.

The output code is generated by software. Various types of codes such as 1 code in 16 bits, data 2
code, and data 3 code can be output. This port can be programmed to output a non-carrier
waveform.

(code structure)

clc clclclc|c|c|c|c|c|c|c|c|p|p|p|D|D|D|D|D|D|D|D|D|D|D|D|D
0f(1(2]|3|4]|5]|6]|7 1 4 6(17|10]1]2|3|4|5]|6]7]|0|1 516
I_ e _I_ | =|I_ |
Leader code ustom code Custom code Data code Data code
1356/ 13.56 (*) When using 36.864 crystal oscillator

(us) (us)

Fig.14 Output code structure (Example)

Carrier Wave

Control
(TP CNT)

BZ Output >-|

BZ SEL
(BZ Output/Carrier Wave)

IB (Output Signal)

Fig.15 Diagram of output port circuit
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5-1. Selecting carrier wave obtained from high-speed oscillator

Carrier wave duty 1/2

Using registers PD6 and PD7, the following frequencies obtained by dividing fy can be
selected for tp + tp.

3 2 1 0
PD6 CARRY3 CARRY?2 CARRY1 CARRYO0
R/W R/W R/W R/W R/W
Initial Value 0 0 0 0
3 2 1 0
PD7 CARRY7 CARRY®6 CARRY5 CARRY4
R/W R/W R/W R/W R/W
Initial Value 0 0 0 0
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1. High-speed OSC frequency 2 MHz

CARRIER WAVE

CARRY | CARRY | CARRY | CARRY | CARRY | CARRY | CARRY | CARRY |5 ool 1o [ bivip |~ FREQUENCY
7 6 > 4 3 2 1 0 OUTPUT (kHz)
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 1 0 1 1 [ 1/12 166.67
0 0 0 0 0 1 1 1 1 1 | 1/14 142.86
0 0 0 0 1 0 0 0 1 1 [ 1/16 125.00
0 0 0 0 1 0 0 1 1 1 [1/18 111.11
0 0 0 0 1 0 1 0 1 1 _[1/20 100.00
0 0 0 0 1 0 1 1 1 1 [ 1/22 90.91
0 0 0 0 1 1 0 0 1 1 [ 1/24 83.33
0 0 0 0 1 1 0 1 1 1 [1/26 76.92
0 0 0 0 1 1 1 0 1 1 [ 1/28 71.43
0 0 0 0 1 1 1 1 1 1 [ 1/30 66.67
0 0 0 1 0 0 0 0 1 1 [ 1/32 62.50
0 0 0 1 0 0 0 1 1 1 [ 1/34 58.82
0 0 0 1 0 0 1 0 1 1 [ 1/36 55.56
0 0 0 1 0 0 1 1 1 1 [ 1/38 52.63
0 0 0 1 0 1 0 0 1 1 [ 1/40 50.00
0 0 0 1 0 1 0 1 1 1 [ 1/42 47.62
0 0 0 1 0 1 1 0 1 1 | 1/44 45.45
0 0 0 1 0 1 1 1 1 1 [ 1/46 43.48
0 0 0 1 1 0 0 0 1 1 [ 1/48 41.67
0 0 0 1 1 0 0 1 1 1 [ 1/50 40.00
0 0 0 1 1 0 1 0 1 1 [ 1/52 38.46
0 0 0 1 1 0 1 1 1 1 | 1/54 37.04
0 0 0 1 1 1 0 0 1 1 [ 1/56 35.71
0 0 0 1 1 1 0 1 1 1 [ 1/58 34.48
0 0 0 1 1 1 1 0 1 1 [ 1/60 33.33
0 0 0 1 1 1 1 1 1 1 [ 1/62 32.26
0 0 1 0 0 0 0 0 1 1 | 1/64 31.25
0 0 1 0 0 0 0 1 1 1 [ 1/66 30.30
0 0 1 0 0 0 1 0 1 1 | 1/68 29.41
0 0 1 0 0 0 1 1 1 1 [ 1/70 28.57
0 0 1 0 0 1 0 0 1 1 [ 1/72 27.78
0 0 1 0 0 1 0 1 1 1 [ 1/74 27.03
0 0 1 0 0 1 1 0 1 1 _[1/76 26.32
0 0 1 0 0 1 1 1 1 1_[1/78 25.64
0 0 1 0 1 0 0 0 1 1 1 1/80 25.00
0 0 1 0 1 0 0 1 1 1 [1/82 24.39
0 0 1 0 1 0 1 0 1 1 | 1/84 23.81
0 0 1 0 1 0 1 1 1 1 [ 1/86 23.26
0 0 1 0 1 1 0 0 1 1 ] 1/88 2273
0 0 1 0 1 1 0 1 1 1_[1/90 22.22
0 0 1 0 1 1 1 0 1 1 [ 1/92 21.74
0 0 1 0 1 1 1 1 1 1 [ 1/94 21.28
0 0 1 1 0 0 0 0 1 1 [ 1/96 20.83
0 0 1 1 0 0 0 1 1 1_[1/98 20.41
0 0 1 1 0 0 1 0 1 1_[1/100 20.00
0 0 1 1 0 0 1 1 1 1_[1/102 19.61
0 0 1 1 0 1 0 0 1 1_|1/104 19.23
0 0 1 1 0 1 0 1 1 1_[1/106 18.87
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2. High-speed OSC frequency 455 kHz

CARRY | CARRY | CARRY | CARRY | CARRY | CARRY | CARRY [CARRY [, ool 1o [ 5o C‘;EE'&SE\I{Y@’E
7 6 5 4 3 2 1 0 OUTPUT (kHz)
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 1 0 1 T [ 1/12 37.91
0 0 0 0 0 1 1 1 1 1T [1/14 325
0 0 0 0 1 0 0 0 1 T [ 1/16 28.43
0 0 0 0 1 0 0 1 1 1 [1/18 2527
0 0 0 0 1 0 1 0 1 1 [ 1/20 22.75
0 0 0 0 1 0 1 1 1 1 | 1/22 20.68
0 0 0 0 1 1 0 0 1 1 [ 1/24 18.95
0 0 0 0 1 1 0 1 1 1 | 1/26 175
0 0 0 0 1 1 1 0 1 1 | 1/28 16.25
0 0 0 0 1 1 1 1 1 T | 1/30 15.16
0 0 0 1 0 0 0 0 1 T | 1/32 14.21
0 0 0 1 0 0 0 1 1 1 | 1/34 13.38
0 0 0 1 0 0 1 0 1 1 | 1/36 12.63
0 0 0 1 0 0 1 1 1 1 | 1/38 11.97
0 0 0 1 0 1 0 0 1 1 | 1/40 11.37
0 0 0 1 0 1 0 1 1 1 | 1/42 10.83
0 0 0 1 0 1 1 0 1 1 | 1/44 10.34
0 0 0 1 0 1 1 1 1 1 | 1/46 9.89
0 0 0 1 1 0 0 0 1 1 | 1/48 9.47
0 0 0 1 1 0 0 1 1 T | 1/50 9.1
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TP control and IB (output signal) of the output port circuit in Fig.2 can be controlled by
register PD5.

3 2 1 0

PD5 — INR TPCNT IB
R/W — R/W R/W R/W

Initial Value —_ 0 0 0

How to generate carrier wave obtained from the high-speed oscillator can be summarized as

follows :
r B TPCNT
Off (H) 0 .
Carrier wave of any
1
frequency 0 or 1 by program
Non-carrier wave 0 or 1 by program ;
output (Note)
* 1 arbitrary

(Note) : The control time varies depending on the selected system clock.
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@ Remote output waveform (Example)

For 1/52 frequency (carrier wave : 38.46 kHz) using 2-MHz high-speed oscillator

52 instructions = two carrier wave cycles

67.5ms
(67500 instructions)

108 ms (108000 instructions) |

9ms |4.5 ms

T 1I

(Leader code)

1.125ms

(Customer code)
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@ Remote output flow chart (Example)
For 1/52 frequency (carrier wave : 38.46 kHz) using 2-MHz high-speed oscillator

*52 instructions = two carrier wave cycles

KEY READ

U

Set IB signal - Set output )
........ utpu
(control *) ’

9ms
(9000 instructions)

Dummy instruction «+-+--- - count 8999

X
v

(Leader code)

Reset IB signal ~ -+eoreer - Reset output

4.5ms
(4500 instructions)

Dummy instruction «+--+--- - Count 4499

X
v

Set output

0.56 ms

(560 instructions) \

Count 559

X
v

()

Reset output

0.56 ms
(565 instructions)

Count 564

[
i

Set output

0.56 ms
(560 instructions)

Count 564

X
v

(N

Reset output

1.69ms
(1690 instructions)

Count 1689

Ca

‘éo
-
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Fig.15 Remote output waveform (Example)

For 36.864-kHz crystal oscillator

One instructions = two carrier wave cycles

67.5ms
(1244 instructions)

108 ms (1990 instructions) |

9ms |4.5 ms

T 1I

(Leader code)

1.125ms

(Customer code)
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Fig.16  Remote output flow chart (example)
For using 36.864-kHz crystal oscillator

*1 instructions = two carrier wave cycles

U

KEY READ
Set IB signal - set output 3
........ utpu
(control *) P
G 9ms
a (165 instructions)
Dummy instruction «====== - %‘c}
J
\ (Leader code)
Reset IB signal ~ «+eoreer - Reset output
4.5ms
— d ) '
Ca (83 instructions)
Dummy instruction «+--+--- - —Qﬂ 82
J
3\
Set output
— 0.56 ms
Ca (10 instructions)
cour>
J
. ©
Reset output
\ 0.56 ms
Ca (10 instructions)
%ﬂt 9
J
3\
Set output
— 0.56 ms
Ca (10 instructions)
couD
J
S (1)
Reset output
1.69ms
(31 instructions)
count 30

Ca

‘éo
-
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5-2. Selecting carrier wave obtained from low-speed oscillator

In case the single clock mode is selected by mask option, the carrier wave is generated by
low speed clock.

The carrier wave duty is 1/2.

F——+—

tA tB
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6. LCD circuit

The LCD driver circuit has common signals and segment signals to drive 4.5V, 1/4 duty, 1/3 bias
LCD.

DUTY FRAME FREQUENCY COMMON SEGMENT
1/4 97.5Hz COM1 to COM4 S1 to S27

The LCD driver circuit is controlled by Register file both DSTA and DON.

3 2 1 0
PCoW — (EXO) DON DSTA
R/W — R/W W W
Initial Value — 0 0 0
DSTA = 0 com/seg = Vss
= 1 enable normal Display
DON = 0 Quadrupler OFF
= 1 Quadrupler ON
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I . "
COM1 — V2
_I— _|_ — V1
— Vss
e e — V3
_I — Vi
— — Vss
Py prmy — V3
|— — Vi
o Vss
coOmM4 — V2
I o
Vss
— V3
SEG va
(All signal are OFF) | I |
— V1
Vss
SEG va
(All signal are ON)
— V2
— Vi
— Vss

Fig.17 1/4 duty display wave form

(Note 1) : Display signals from segment and common are mode 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.

(Note 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. 103 ms after changing the data
of DON and DSTA.
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5. Buzzer circuit

Buzzer sound can be selected by Register file BZSEL, BZ1, BZO0.
(Note that BZ is also used as the remote control output pin.)

3 2 1 0
PC7 —_ BZSEL BZ1 BZ0
R/W — R/W R/ W R/W
Initial Value — 0 0 0

The buzzer drive frequency is 4 kHz.
The initial values are all Os.

When BZSEL = 0, TP output (remote control carrier wave output).
When BZSEL = 1, buzzer drive output (CMOS).

BZ1 BZ0 Buzzer Output
0 0 L
8 Hz
0 L N
le |
I 1Hz L
1 1 H

Setting the above register once continuously outputs the above timing as cycle (1 Hz).
Note : Since low-frequency oscillation is used to generate clock for the buzzer circuit, buzzer

sound cannot be output in CPM0 Mode and CPM2 Mode, in which low-frequency oscillation
is stopped.
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8. Mask option
TMP04060FXXX has following Mask option.

USE BATTERY H'G"(')'SSEEED LOW-SPEED OSC
Calculater 1.5V CR (78 k) Internal C (16 k)
3.0V CR (1.1 M) Internal C (30 k)
Remote 30V — X'tal (36.864 k)
it 30V X'tal (2 M) X'tal (32.768 k)
30V X'tal (455 k) X'tal (32.768 k)

9. ELECTRICAL CHARACTERISTICS
Absolute maximum ratings (Vgg = 0V)

CHARACTERISTIC SYMBOL RATING UNIT
Power Supply Voltage VpD -0.3 to 6.0 \Y
Input Voltage VIN -0.3 to Vpp + 0.3 \Y
Power Dissipation PD 350 mwW
Solder Temperature Tsol 260 (105) °C
Storage Temperature Tstg -55 to 125 °C
Operating Temperature Topr -10 to 50 °C

1.5V version (Unless otherwise specified, Vg = 0V, Ta = 25°C)
(Recommended operating condition)

CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. MAX [ UNIT
Power Supply Voltage VDD fxTH = 78 kHz 1.2 1.5 1.8 \Y
_ fL Vpp = 1.5V, Rf = 470kQ)  (*1) — 16 —
Il F kH
Oscillation Frequency o Vpb = 1.5V *2) 27 78 109 z
Vpp = 1.3V VoD | | vpp
- x 0.8
H” Level VIH v
DD
VvV =17V —_ V]
Input DD x 0.7 DD
Voltage VpD v
Vpp = 1.3V 0 —
P x 0.2
L” Level VIL v
DD
\Y =17V —
DD 0 x 0.3
Quadrupler
i , — A — F
Capacitance 1. €2 0 H
Smoothing V1 — 0.1 _ F
Capacitance V> — 0.1 — H

(*1) : Internal crystal oscillation circuit is used for low-speed oscillator (with external R).
(*2) : Internal CR oscillator is used for high-speed oscillator.
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(DC CHARACTERISTICS)

CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. MAX | UNIT
Input Current (1)
| \ =18V, Viy=0V -500 — 500| nA
(IN1 to 4, 1001 to 04 IL1 DD IN
|2?1;1 to 14,1021 to lIH1 Vpp = 1.8V, VN = 1.8V 3.21 4.5 7.5 pA
Vpp = 1.8V, VN = 1.3V,
| . . -16.6 -10 | -7.14
Input Current (2) ILeL Low Register side A
(BRESET) Vpp = 1.8V, Vjy = 0V,
L2H High Register side 6 3.6 2.57
Input Current (3)
| \} =18V, VN =18V 129 180 300
(TEST) IH3 DD IN HA
Output Current (1)
(1001 to 04, 1011 to IOH1 Vpp = 1.2V, VoH = 0.7V — — -150 | uA
14, 1021 to 1024)
Output Current (2) loH4 Vpp = 1.2V, Voyq =07V — — -50 A
(TP) loLa  |Vbp = 1.2V, VoL = 0.5V 100 | — — |~
lOH2 v 15V VoOH =V3 -05V — — -100
Output Current (3) loL2 VDD__3 O.V VoL =05V 100 — — A
(SEGMENT) IOM2A vA Z a5y VoM = Vi + 05V 50 | — — |~
loms | VoM = V2 - 05V _50
IOH3 VoH=V3 -05V — — -100
Output Current (4) loLs Va c 3.0V VoL =05V 100 — — A
(COMMON) lomsa |\ A2 sy [ Vom=Vi+05v | — [ — —50| “
lomss | © VoM = Va + 05V 50 | — | —
Va — \3 X —
Quadrupler Output Vpp = 1.5V, Ta = 25°C 3DXD \Yj
\ —_ —
8 VbD
VbD = 15V, Display ON | — 50 77
IDbOP fy = Internal,
fL = Internal, CPM3, .
external R = 470 k() Display OFF | — _ 73
VbD = 1.5V, Display ON | — 12 17
Power Supply Current | fy = Internal,
Low-Speed Crystal DDsSLOW fL = Internal Display OFF 16
Oscillation Circuit (external R), CPM1 play LA
High-Speed Crystal Vpp = 1.5V, _
Oscillation Circuit fy = Internal, Display ON — 25 5.0
IDDHOLD |fL = Internal
(external R), Display OFF | — | — 4.0
In HALT mode
IDDSTOP |11°STOP mode — | 04 !
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3. 3.0V version (Unless otherwise specified, Vgg = 0V, Ta = 25°C)

3-1. Typical operating conditions

(DC CHARACTERISTIC)

CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. MAX | UNIT
Input Current (1)
| \Y =36V, ViN=0V -500 — 500| nA
(IN1 to 4, 1001 to 04 | ' bD IN
1011 to 14, 1021 to
24) lIH1 Vpp =36V, Vy =36V 6.43 9.0 15.0 | pA
Vpp = 3.6V, VN = 3.1V,
| . . -16.6 -10 | -7.14
Input Current (2) IL2L Low Register side A
(BRESET) Vpp = 3.6V, Vy =0V,
lL2H High Register side 12 7.2 >-14
Input Current (3)
| \Y =36V, Vy=36V 257 360 600
(TEST) IH3 DD IN HA
Output Current (1)
(1001 to 1004, 1011 to | lOH1 Vpp = 2.4V, VoH = 1.9V — — -15| mA
1014, 1021 to 1024)
Output Current (2) loL2 Vpp = 24V, VoL =05V 2.0 —_ — mA
(TP) IOH2 VpD = 2.4V, VoH = 1.9V — — -2.0
IOH3 y 3.0V VoH =V2 - 05V — — -100
Output Current (3) loLs VDD__1 5-V VoL =05V 100 — — A
(SEGMENT) IOM3A VA Zusy [ Vom=Vy+05V — — [ -100] #
loM3B B =" Vom = Vq - 05V 50 — —
| Y =V3 -05V — — -100
OHA |\, _3qy | JOH=V3
Output Current (4) loLa Va = 15V VoL =05V 100 — — A
(COMMON) lOMA4A V‘B‘ Zasy [ Vom=Vy-05V — — [ -100] “
lom4B VoM =Vq + 05V 100 — —
Vi VDD = 3.0V — Vop/2] —
Quadrupler Output vV Ta = 25°C 3/2 Y
3 X VDD
V
Vpp = 1.8V x%DS — | VDD
High level VIH v .
DD
\ =36V — V]
Input DD x 0.7 DD Vv
Voltage Vhn = 1.8V ol — | VoD
DD | x 0.2
Low level VIL v
Vpp = 3.6V o| — x%%
Quadrupler Capacitor C1, C — 0.1 — pF
Smoothing Capacitor Va — 0.1 — pF
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3-2. Specifications for 3.0-V calculator

H-OSC : 1.1 MHz (with internal CR), L-OSC : 30 kHz (with internal C and external R)

(Recommended operating conditions)

CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. MAX | UNIT
fy = 1.1 MHz (CR),
Power Supply Voltage VpD f = 30 kHz (CR) 2.4 3.0 3.6 Vv
o fiL Vpp = 3.0V, Rf = 470k (* 1) — 30 — | kHz
Oscillation Frequency H Vpp = 3.0V *2) 04 11 16 | MAz
(* 1) : Internal crystal oscillation circuit is used for low-speed oscillator (with external R).
(* 2) : Internal CR oscillator is used for high-speed oscillator.
(Current consumption)
CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. MAX [ UNIT
Vpp = 3.0V Display ON — 0.85 1.5
DD °P | cPM3 mode Display OFF — | = 15 | MA
Vpp = 3.0V Display ON — 23.0 | 40.0
power Suonly Vol IDD SLOW | -p\11 mode Display OFF — | — | 390
ower supply Voftage oL |VoD = 3.0V Display ON — 90 | 160 | .
DD In HALT mode [Display OFF — | — | 140"
Vpp = 3.0V
IDD STOP ||, sTOP mode _ 0.8 14
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3-3. Specification for 3-V remote controller (Single clock)

L-OSC : 36.864 kHz (X'tal)

(Recommended operating conditions)

CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. MAX [ UNIT
Power Supply Voltage VpD fL = 36.864 kHz (X"tal) 1.8 30| 3.6 \
Oscillation Frequency fL Vpp = 3.0V — 36.864 | — kHz

(Oscillation characteristics)

CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. | MAX | UNIT

Oscillation Start
Voltage Vsta1 tstg = 10 — — 1.8 \
(low-speed)

Oscillation Hold
Voltage Vhold1 1.8 — — \Y
(low-speed)

(Current consumption)

CHARACTERISTIC SYMBOL TEST CONDITION MIN | TYP. | MAX | UNIT
. VDD = 3.0V Display ON — | 23.0 | 400
bower Suooly Voltade DD ©P | cPM1 mode Display OFF — — [390]
ower supply Voltag " oLp | VDD = 30V Display ON — 65 | 140 | “
DD In HALT mode Display OFF — — 12.0
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3-4. Specifications for 3.0-V remote controller (Dual clock)

H-OSC : 2 MHz (with X'tal), L-OSC : 32.768 kHz (with X'tal)

(Recommended operating conditions)

CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. MAX | UNIT
fq = 2 MHz (X'tal),
Power Supply Voltage VpD f| = 32.768 kHz (X'tal) 2.4 3.0 3.6 \
_— fL Vpp = 3.0V — 32768 | — kHz
Oscillation Frequency i Vpp = 3.0V — 20 — MHz
(Oscillation characteristics)
CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. MAX | UNIT
Oscillation Start
VOItage Vsta’l tsta = 10s _ _ 2.0 \
(low-speed)
Oscillation Hold
Voltage Vhold1 2.0 — — \
(low-speed)
Oscillation Start
Voltage Vsta2 tsta = 8ms — — 24 \
(high-speed)
Oscillation Hold
Voltage Vhold2 24 — — Vv
(high-speed)
(Current consumption)
CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. MAX [ UNIT
Vpp = 3.0V Display ON — 0.85 1.2
IDD °P | cPM3 mode Display OFF — — 12| ™A
Vpp = 3.0V Display ON — 17.0 | 24.0
power Susoly Voltage IDD SLOW'| b\ mode Display OFF — [ = | 230
upply g oD | VDD = 30V Display ON — 70 [ 120
DD In HALT mode Display OFF — | = [ no]|”
Vpp = 3.0V
IDD STOP || "STOP mode - 08 | 12

2000-04-20 52/61



TOSHIBA

TMP04060F-XXX(JTMP04060-XXXS)

3-5. Specifications for 3.0-V remote controller (Dual clock)

H-OSC : 455 kHz (with X'tal), L-OSC : 32.768 kHz (with X'tal)

(Recommended operating conditions)

CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. MAX | UNIT
fq = 1 MHz (X'tal),
Power Supply Voltage VpD f| = 32.768 kHz (X'tal) 2.2 3.0 3.6 \
_— fL Vpp = 3.0V — 32768 | — kHz
Oscillation Frequency i Vpp = 3.0V — 255 | — K2
(Oscillation characteristics)
CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. MAX | UNIT
Oscillation Start
VOItage Vsta’l tsta = 10s _ _ 2.0 \
(low-speed)
Oscillation Hold
Voltage Vhold1 2.0 — — \
(low-speed)
Oscillation Start
Voltage Vsta2 tsta = 8ms — — 2.2 \
(high-speed)
Oscillation Hold
Voltage Vhold2 2.2 — — Vv
(high-speed)
(Current consumption)
CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. MAX [ UNIT
Vpp = 3.0V Display ON — 0.5 1.0
IDD P | cpM3 mode Display OFF — — 10| ™
Vpp = 3.0V Display ON — 17.0 | 24.0
IDD SLOW'| b\ mode Display OFF — [ = | 230
Power Supply Voltage :
| HOLD Vpp = 3.0V Display ON — 7.0 12.0 A
bD In HALT mode Display OFF — — 110 | “
\Y =3.0V
DD sToP InDETOP mode - 08 | 12
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EXAMPLE OF APPLICATION CIRCUIT (1)
Calculator 1 (1.5V)

LCD

d

SEG1 to 27/COM1 to 4

XHout

XH|N
TEST

XL

oUT ) H-0SC

XLIN 78 kHz

(*3) 1 L-0SC

&
16 kHz

*1

BRESET

Vss T

15V

VbD

vg —i—¢

’—II—
O
N

v p—r—

IN IN IN IN 10 10 10 10 10 10 10 10 10 10 10 10
1 2 3 4 01 02 03 04 11 12 13 14 21 22 23 24

(*1) : When internal CR oscillator is used for high-speed oscillator, XH|y is connected to GND.
(*2) : Insert a resistor (Rf = 470 k()) between XLy and XLoyT-

(*3) : A 0.1-uF capacitor is connected between BRESET and Vgg.

(*4) : A 0.1-uF capacitor is used for quadrupler.
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EXAMPLE OF APPLICATION CIRCUIT (2)
Calculator 2 (3.0V)

LCD

d

SEG1 to 27/COM1 to 4

XHout
*1
XH|N 1)
TEST
XLout
*2) H-0SC
XLIN 1.1 MHz
*3) 1 L-
BRESET ) o4 Losc
T 30 kHz
Vss 1 t

3.0V

1 VbD

Ve
V|

IN IN IN IN 10 10 10 10 10 10 10 10 10 10 10 10
1 2 3 4 01 02 03 04 11 12 13 14 21 22 23 24

fk
L

(*1) : When internal CR oscillator is used for high-speed oscillator, XH|y is connected to GND.
(*2) : Insert a resistor (Rf = 470 k()) between XLy and XLoyT-

(*3) : A 0.1-uF capacitor is connected between BRESET and Vgg.

(*4) : A 0.1-uF capacitor is used for quadrupler.
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EXAMPLE OF APPLICATION CIRCUIT (3)
Remote controller 1 (Vpp = 3.0V, fq = 2 MHz, f| = 32.768 kHz)

LCD

N g

= @D iRED

SEG1 to 27/COM1 to 4

TEST XHin Tll—o H-0SC
= 2 MHz
XHouTt p——1—¢

Xy f——i—¢ L-0sC

= 32.768 kHz
XloyT p——1——¢

BRESET

C1

”

Vgs -

-

C2

VbD

0o 10 10 10 10 10 10 10 10 10 10 10 '8
V| |

1 2 3 4 01 02 03 04 11 12 13 14 21 22 23 24

=
=
=
=

(*1) : A 0.1-uF capacitor is connected between BRESET and Vgg.

(*2) : Recommended high-speed oscillator circuit capacitor : 22 pF
(*3) : Recommended low-speed oscillator circuit capacitor : 15 pF
(*4) : A 0.1-uF capacitor is used for quadrupler.
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EXAMPLE OF APPLICATION CIRCUIT (4)
Remote controller 2 (Vpp = 3.0V, fq = 455 kHz, fi = 32.768 kHz)

LCD

N g

= @D iRED

SEG1 to 27/COM1 to 4

TEST XHin Tll—o H-0SC
= 455 kHz
XHouTt p——1—¢

Xy f——i—¢ L-0sC

= 32.768 kHz
XloyT p——1——¢

BRESET

C1

”

Vgs -

-

C2

VbD

0o 10 10 10 10 10 10 10 10 10 10 10 '8
V| |

1 2 3 4 01 02 03 04 11 12 13 14 21 22 23 24

=
=
=
=

(*1) : A 0.1-uF capacitor is connected between BRESET and Vgg.

(*2) : Recommended high-speed oscillator circuit capacitor : 22 pF
(*3) : Recommended low-speed oscillator circuit capacitor : 15 pF
(*4) : A 0.1-uF capacitor is used for quadrupler.
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EXAMPLE OF APPLICATION CIRCUIT (5)

Remote controller 3 (Vpp = 3.0V, f| = 36.864 kHz)

LCD

dl

[

TEST

1

C2

IN IN IN IO

SEG1 to 27/COM1 to 4

1

XHiN

XHouTt

XLiN

XLout

BRESET

Vss

VbD

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

VB
Vi

@D iRED

Vecd

(*1) :

Recommended low-speed oscillator circuit capacitor :

15 pF
(*2) : A 0.1-uF capacitor is connected between BRESET and Vggs.
(*3) : A 0.1-uF capacitor is used for quadrupler.

L-OsC
36.864 kHz
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PACKAGE DIMENSIONS

LQFP60-P-1414-0.80 Unit : mm
18.2+0.3 R
14.0+0.2 R
45 31
. {HHHHHAHAHAHAHA
g - B 4
j—I—46-EE— 1T 30
 — - I -
 —— I -
 m—— I — |
 a— i1
I — N [0 ]
 — - I I 3
 — - 3 §| o
] 3 v ™~
 —— . — |
1] I —
 — - o o — |
 m— - I —
60 I 1T 16
N :
I:::i::#l:}.’::l::::l:::
puuuygpauUguy gL
1 15
1.4TYP | 0.35+0.1
0.8]

Weight : g (Typ.)
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BARE CHIP
1. Pad assignment

_________ o © N 0 I <
vy w w vy vy w v wv v v v v v (%]
oo0Oo0ooOOoOoooOoooooan
so || O o | s
s0 || O o |
sa || O o |l .
s22 |1 O O || 102a
sz 1 O O || o2
s2a fI O O ] 022
s25 |1 O O || 021
s26 || O (TOP VIEW) O || or
sz |1 & O || 013
coma | O O || o
coms ff [ O || on
comz | 0 O || 100a
comt ff O O || 1003
va il O O || 1002
ve |l O O || 1001
obooooOooooooooooan
- N VW K Z F O Z FF a - & &
VU VUV »w w - DD N - 2 u»w - 2 2 2 2
> w o O> T O w £ £ £ =
24 x x
o
Chip size 3.41x3.88 (mm)

Chip thickness 450 * 30 (zm)

Substrate voltage Vss
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2. Pad location table (x10-3mm)
No. [PAD NAME X POINT Y POINT No. |PAD NAME| PAD NAME X POINT
1 C1 - 1567 1251 31 S24 (OUTT) 1567 - 1251
2 C2 - 1567 1006 32 | S23 1567 -1006
3 | Vss - 1567 799 33 [s22 1567 -799
4 BRESET - 1567 600 34 | S21 1567 -601
5 XLIN - 1567 450 35 | S20 1567 -450
6 XLouTt - 1567 300 36 | S19 1567 -300
7 | Vvbp - 1567 150 37 [s18 1567 - 150
8 | XH|N - 1567 0 38 [s17 1567 0
9 XHouTt - 1567 -150 39 | S16 1567 150
10 | TEST - 1567 -300 40 | S15 1567 300
11 TP - 1567 -480 41 S14 1567 450
12 | IN1 - 1567 - 658 42 | S13 1567 600
13 | IN2 - 1567 - 808 43 | S12 1567 799
14 | IN3 - 1567 -1006 44 | S11 1567 1006
15 | IN4 - 1567 -1251 45 | S10 1567 1251
16 | 1001 -1336 - 1805 46 | S9 1336 1805
17 | 1002 -1072 - 1805 47 | S8 1072 1805
18 | 1003 - 846 - 1805 48 | S7 846 1805
19 | 1004 -648 - 1805 49 | S6 648 1805
20 [ 1011 -460 - 1805 50 | S5 460 1805
21 | 1012 -300 - 1805 51 | S4 300 1805
22 (1013 -150 - 1805 52 | S3 150 1805
23 (1014 0 - 1805 53 | S2 0 1805
24 | 1021 150 - 1805 54 | S1 -150 1805
25 | 1022 300 - 1805 55 | COM4 -300 1805
26 | 1023 460 - 1805 56 | COM3 -460 1805
27 11024 648 - 1805 57 | COM2 - 648 1805
28 | S27 (OUT4) 846 - 1805 58 | COM1 - 846 1805
29 [ S26 (OUT3) 1072 -1805 59 | VA -1072 1805
30 | S25(0UT2) 1336 - 1805 60 | VB -1336 1805
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