HD61602/HD61603
(Segment Type LCD Driver)

HITACHI

Description

The HD61602 and the HD61603 are liquid crystal
display driver LSIs with a TTL and CMOS
compatible interface. Each of the LSIs can be
connected to various microprocessors such as the
HMCS6800 series.

The HD61602 incorporates the power supply
circuit for the liquid crystal display driver. Using
the software-controlled liquid crystal driving
method, severa types of liquid crystals can be
connected according to the applications.

The HD61603 is aliquid crystal display driver LS|
only for static drive and has 64 segment outputs
that can display 8 digits per chip.

Features

» Wide-range operating voltage
— Operates in a wide range of supply voltage:
22V to55V

— Compatible with TTL interface at 4.5 V to
55V

 Low current consumption

— Can run from a battery power supply (100
MA max. at 5V)

— Standby input enables standby operation at
lower current consumption (5 pA max. on
5V)

* Internal power supply circuit for liquid crysta
display driver (HD61602)

— Internal power supply circuit for liquid crys-
tal display driver facilitates the connection
to amicroprocessor system

Ordering Information

Type No. Package

HD61602R 80-pin plastic QFP (FP-80)
HD61602RH 80-pin plastic QFP (FP-80A)
HD61603R 80-pin plastic QFP (FP-80)

Ver satile Segment Driving Capacity

Display Frame Freq. (Hz)
Type No. Driving Method Segments Example of Use at fogc =100 kHz  Package
HD61602  Static 51 8 segments x 6 digits + 3 marks 33 80-pin plastic
1/2 bias 1/2 duty 102 8 segments x 12 digits + 6 marks 65 QFP (FP-80,
FP-80A, TFP-80)
1/3 bias 1/3 duty 153 9 segments x 17 digits 208
1/4 duty 204 8 segments x 25 digits + 4 marks 223
HD61603 Static 64 8 segments x 8 digits 33 80-pin plastic
QFP (FP-80)
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HD61602/HD61603

Pin Arrangement
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HD61602/HD61603

Block Diagram
HD61602
SYNC
LCD driving
osC timing
enerator ||
REA% g Cgl;?vn;?n aolriurgs)n output
WE Data RAM write
RE contioller timing generator ?_T
DD fj> Data latch Parallel/serial | | 7j> Segment[—-\, Segment output
77—/ 8bits x 2 converter Display [ driver (51 lines)
data RAM
SB —o— {} Address j>
Mode decoder
setting = Operation
latch | mode
Vi
LCD driving Vo Driving voltage
voltage generator | V3 selection
HD61603
SYNC
LCD driving
osc timing
enerator
READY 9 szg?n Common output
WE RAM write
RE contioller timing generator 7:1
DD fj> Data latch Parallel/serial
78— 4bitsx 4 converter Display i [Segment| |\ segment output
data RAM .y driver |_ (64 lines)
SB —o—= {} ] Address ?
Mode - decoder
setting ==
latch =
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HD61602/HD61603

Terminal Functions

HD®61602 Terminal Functions

Terminal No. of Connected

Name Lines Input/Output to Function

Vop 1 Power supply Positive power supply.

READY 1 NMOS open MCU While data is being set in the display data RAM and

drain output mode setting latch in the LSI after data transfer, low
is output from the READY terminal to inhibit the next
data input.
There are two modes: one in which low is output
only when both of CS and RE are low, and the other
in which low is output regardless of CS and RE.

Ccs 1 Input MCU Chip select input. Data can be written only when this
terminal is low.

WE 1 Input MCU Write enable input. Input data of Dy to D7 is latched
at the rising edge of WE.

RE 1 Input MCU Resets the input data byte counter. After both CS
and RE are low, the first data is recognized as the
1st byte data.

SB 1 Input MCU High level input stops LSI operations.

1. Stops oscillation and clock input.
2. Stops LCD driver.
3. Stops writing data into display RAM.

Do—D+ 8 Input MCU Data input terminal for 8-bit x 2-byte data.

Vsg Power supply Negative power supply.

VREF1 1 Output External Reference voltage output. Generates LCD driving

R voltage.
VREE2 1 Input External Divides the reference voltage of Vgggq With external
R R to determine LCD driving voltage. Vgggo = V1.
Ve, Voo 2 Output External Connection terminals for boosting C of LCD driving
C voltage generator. An external C is connected
between V¢ and Vo,
V4, Vo, V3 3 Output External LCD driving voltage outputs. An external C is
(Input) C connected to each terminal.

COMy-COM3 4 Output LCD LCD common (backplate) driving output.

SEGy-SEG5, 51 Output LCD LCD segment driving output.

SYNC 1 Input MCU Synchronous input for 2 or more chips applications.
LCD driver timing circuit is reset by high input. LCD
is off.

0SsC, 2 Input External Attach external R to these terminals for oscillation.

0SC, Output R An external clock (100 kHz) can be input to OSC1.

Note: Logic polarity is positive. 1 = high = active.

HITACHI
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HD61602/HD61603

HD61603 Terminal Functions

Terminal No. of Connected

Name Lines Input/Output to Function

Vpp 1 Power supply Positive power supply.

READY 1 NMOS open  MCU While data is being set in the display data RAM and

drain output mode setting latch in the LSI after data transfer, low
is output from the READY terminal to inhibit the next
data input.
There are two modes: one in which low is output
only when both of CS and RE are low, and the other
in which low is output regardless of CS and RE.

Ccs 1 Input MCU Chip select input. Data can be written only when this
terminal is low.

WE 1 Input MCU Write enable input. Input data of Dy to D3 is latched
at the rising edge of WE.

RE 1 Input MCU Resets the input data byte counter. After both of CS
and RE are low, the first data is recognized as the
1st byte data.

SB 1 Input MCU High level input stops the LSI operations.

1. Stops oscillation and clock input.
2. Stops LCD driver.
3. Stops writing data into display RAM.

Dg—D3 4 Input MCU Data input terminal from where 4-bit x 4 data are
input.

Vss 1 Power supply Negative power supply.

V3 1 Input Power Power supply input for LCD drive. Voltage between

supply Vpp and V3 is used as driving voltage.

COMq 1 Output LCD LCD common (backplate) driving output.

SEG,-SEGg3; 64 Output LCD LCD segment driving output.

SYNC 1 Input MCU Synchronous input for 2 or more chips applications.
LCD driver timing circuit is reset by high input. LCD
is off.

0SsC, 2 Input External Attach external R to these terminals for oscillation.

0SC, Output R An external clock (100 kHz) can be input to OSC;.

Note: Logic polarity is positive. 1 = high = active.
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HD61602/HD61603

Display RAM
HD61602 Display RAM

The HD61602 has an internal display RAM shown
infigure 1. Display datais stored in the RAM, or is
read according to the LCD driving timing to

display on the LCD. One hit of the RAM
corresponds to 1 segment of the LCD. Note that
some bits of the RAM cannot be displayed
depending on LCD driving mode.

Common address
(COME—COMg)

4 bits

Display RAM

Segment address (SEGy—SEGsgq)

51 bits

Figurel Display RAM

1177

HITACHI



HD61602/HD61603

Reading Data from Display RAM: A display
RAM segment address corresponds to a segment
output. The data at segment address SEGn is
output to segment output SEGn terminal.

A common address corresponds to the output
timing of a common output and a segment output.
The same common address data is simultaneously
read. The data of display RAM s reproduced on
the LCD panel.

When a 7-segment type LCD driver is connected,
for example, the correspondence between the
display RAM and the display pattern in each mode
isasfollows:

Static drive

In the static drive, only the column of COMg
of display RAM is output. COM; to COM3
are not displayed (figure 2).

1/2 duty cycledrive

In the 1/2 duty cycle drive, the columns of
COMg and COM; of display RAM are output
in time sharing. The columns of COM, and
COM 3 are not displayed (figure 3).

LCD connection

Display RAM

COM;

COM;

COM;

COMg| f

e

d c DP g b a

SEGg SEGy SEG;o SEG1; SEG;y SEG13 SEG14 SEG1s

Figure2 Example of Correspondence between L CD Connection and Display RAM
(Static Drive, HD61602)

LCD connection

Display RAM
COM;,
COM,
COM, g c b
COM, e d DP
SEG, SEGs SEGg; SEG; SEGg SEGq

Figure3 Example of Correspondence between L CD Connection and Display RAM
(/2 Duty Cycle, HD61602)
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HD61602/HD61603

1/3 duty cycledrive manipulation to turn on/off the display of “Y”
(figure 4).

In the 1/3 duty cycle drive, the columns of

COMg to COM,, are output in time sharing. 4. 1/4duty cycledrive

No column of COM3 is displayed.
In the 1/4 duty cycle drive, all the columns of

“Y” cannot be rewritten by display data (input COM to COM3 are displayed (figure 5).
on an 8-segment basis). Please use bit

LCD connection Display RAM
COM;
COM, | Y a b
COM; f g c
COM, e d DP

SEG; SEG, SEG; SEGg

Figure4 Example of Correspondence between LCD Connection and Display RAM
(1/3 Duty Cycle, HD61602)

LCD connection Display RAM
COM; f a
COM, g b
COM; e c
COM, d DP

SEG, SEG; SEG,

Figure5 Example of Correspondence between L CD Connection and Display RAM
(1/4 Duty Cycle, HD61602)
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HD61602/HD61603

Writing Data into Display RAM: Data is written
into the display RAM in the following five
methods:

1. Bit manipulation

Data is written into any bit of RAM on a bit
basis.

2. Static display mode

8-hit data is written on a digit basis according
to the 7-segment type LCD pattern of static
drive.

3. 1/2 duty cycle display mode

8-hit data is written on a digit basis according
to the 7-segment type LCD pattern of 1/2 duty
cycledrive.

4. 1/3 duty cycle display mode

8-hit data is written on a digit basis according
to the 7-segment type LCD pattern of 1/3 duty
cycledrive.

5. 1/4 duty cycle display mode

8-hit data is written on a digit basis according
to the 7-segment type LCD pattern of 1/4 duty
cycledrive.

The RAM area and the allocation of the segment
data for 1-digit display depend on the driving
methods as described in “Reading Data from
Display RAM”.

1180

8-bit data is written on a digit basis corresponding
to the above duty cycle driving methods. The digits
are alocated as shown figure 8 (alocation of
digits). As the data can be transferred on a digit
basis from a microprocessor, transfer efficiency is
improved by allocating the LCD pattern according
to the allocation of each bit data of the digit in the
data RAM.

Figure 6 shows the digit address (displayed as
Adn) to specify the store address of the transferred
8-bit data on a digit basis.

Figure 7 shows the correspondence between each
segment in an Adn and the 8-bit input data.

When data is transferred on a digit basis 8-hit
display data and digit address should be specified
as described above.

However, when the digit address is Ad6 for static,
Ad12 for 1/2 duty cycle, or Ad25 for 1/4 duty
cycle, display RAM does not have enough bits for
the data.

Thus the extra bits of the input 8-bit data are
ignored.

In bit manipulation, any one bit of display RAM
can be written. When data is transferred on a bit
basis, 1-bit display data, a segment address (6 bits)
and a common address (2 bits) should be specified.

HITACHI



HD61602/HD61603

(1) Static

SEG,
SEG,
SEG,
SEGs

SEG, |
SEGs
SEGs
SEG,
SEGs
SEG,
SEGi0
SEGy

SEG, |
SEGy3
SEGy4
SEGys
SEGys
SEGy
SEGg

SEGs

ars

(2) 1/2 duty cycle

COMo COM; COM,  COMy COM; COM,
T

display display
COMy COM; COM, COM4

SEG, SEG,|
SEGy | Ao SEG,| Ado
SEG, SEG,
SEGs | SEGs;
SEG, SEG,| Ad1
SEGs | AdL SEGs
SEGe SEGe
SEG, | SEG,| Ad2
SEGg SEGg
SEGs| , SEGq |
SEG1o SEG;,| Ad3
SEGy | SEGy |
SEG1, SEG1,
SEGi| , o SEGis| Ad4
SEG1, SEG14
SEGus | SEGss
SEG16 SEG;s| AdS
SEG,,| Ad4 SEG |
SEGys | / SEGis| Ads %
SEGs | Ad12 SEGsy| Ad16

(3) 1/3 duty cycle

display
COMo COM; COM, COM,4
SEG, T T T
L AdO
SEG,
SEG,
- AdL
SEG;
SEG,
L Ad2
SEGs
SEGs
- Ad3
SEG-
SEGg
L Ad4
SEGe
SEG
0L ads
SEG1;
SEG
2L ade
SEG13
SEG
YL ad7
SEGis
SEG
L Ads
SEGy7
SEGg :
| Ad24
SEGso Ad25

(4) 1/4 duty cycle

Figure 6 Allocation of Digit (HD61602)

(1) Static display

SEGg
SEGgn+1
SEGgn+2
SEGgn+3
SEGgn+4
SEGgn+s
SEGgn+6

SEGgn+7

COM,

Bit
7

6

5

Bit

(2) 1/2 duty display

SEGyn
SEG4n+1
SEG'4n+2

SEGun+3

(3) 1/3 duty display

COMyCOM; COM,COM; COM,
Bit SEG Bit
7 6 3n 7 6
5| 4 SEGzn+1| 5 | 4 | 3
3| 2 SEGgmz2| 2 | 1 %“
Bit
Ll
(4) 1/4 duty display
COM,COM; COM, COM;
SEGzn| Bl | 6 | 5| 4
SEGonm| 3 | 2 | 1 | B

Figure7 Bit Assignment in an Adn (HD61602)
HITACHI




HD61602/HD61603

HD61603 Display RAM

The HD61603 has an internal display RAM as
shown in figure 8. Display data is stored in the
RAM and output to the segment output terminal.

Reading Data from Display RAM: Each bit of
the display RAM corresponds to an LCD segment.
The data at segment address SEGn is output to
segment output SEGn terminal. Figure 9 shows an
example of the correspondence between the
display RAM hit and the display pattern when a 7-
segment type LCD is connected.

Writing Data into Display RAM: Data is written
into the display RAM in the following two
methods:

1. Bit manipulation

Data is written into any bit of RAM on a bit
basis.

2. Static display mode

8-hit data is written on a digit basis according
to the 7-segment type LCD pattern of static
drive.

Display RAM

b
(1co't|v|0){|\

64 bits
Segment address (SEGo—SEGg3)

Figure8 Display RAM (HD61603)

LCD connection

Display RAM

COM0|f|e|d|c|DP|g|b|a|

SEGg
SEGq

SEGg SEGy SEGio SEG1; SEG12 SEG13 SEG14 SEG15 SEG1s

Figure9 Example of Correspondence between Display RAM Bit and Display Pattern
(HD61603)
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HD61602/HD61603

The 8-bit data is written on a digit basis into the
digit address (displayed as Adn) shown in figure
10. When data is transferred from a micro-
processor, four 4-bit data are needed to specify the
digit address and an 8-bit display data. Figure 11
shows the correspondence between each segment

in an Adn and the transferred 8-bit data.

In bit manipulation, any one bit of display RAM
can be written. When data is transferred on a bit
basis, 1-bit display data and a segment address (6
bits) should be specified.

COMq
SEGy ‘
SEG,| | :
SEG,| | :
SEGs| AdO| !
sEG,| | i
seGs| | sEGs| |
SEGs| | SEGus| |
SEG,| | sEGs| |
SEGg SEGys
SEGe| | SEGs| |
SEGe| | SEGss| |
SEGy1| Ad1| SEGs:|Ad6
SEG,| | SEGss| |
SEGys| | SEGss| |
SEGy| | SEGss| |
SEG;s| | SEGss| |
SEGas SEGsg
SEG;;| | SEGs,| |
SEG.s| | SEGss| |
SEGio| Ad2 | SEGse| Ad7 |
SEGy| | SEGg| |
SEG,| | SEGe| |
SEGy| | SEGe| |
SEGy| | SEGes| |
SEGa| |

COMg

SEGg | B
SEGgn+1| 6
SEGgn+2| 5
SEGgn+3| 4
SEGgn+4| 3
SEGgn+s| 2
SEGgn+s| 1
SEGens7| 9.

Figure10 Allocation of Digits
(HD61603)

HITACHI

Figure1l Bit Assignmentin an Adn
(HD61603)
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HD61602/HD61603

Operating Modes
HD61602 Operating M odes
The HD61602 has the following operating modes:

1. LCD drive mode

d. /4 duty cycledisplay mode
8-bit data is written into the display RAM
according to the digit in 1/4 duty cycle
drive.

1184

Determines the LCD driving method.

a Static drive mode
LCD isdriven statically.

b. /2 duty cycledrive mode

LCD is driven at 1/2 duty cycle and 1/2
bias.

c. 1/3duty cycle drive mode

LCD is driven at 1/3 duty cycle and 1/3
bias.

d. 1/4duty cycledrive mode

LCD is driven at 1/4 duty cycle and 1/3
bias.

Data display mode

Determines how to write display data into the
data RAM.

a. Static display mode

8-bit data is written into the display RAM
according to the digit in static drive.

b. 1/2 duty cycle display mode
8-bit data is written into the display RAM
according to the digit in 1/2 duty cycle
drive.

c. /3 duty cycledisplay mode
8-bit data is written into the display RAM
according to the digit in 1/3 duty cycle
drive.

3. READY output mode
Determines the READY output timing.

After a data set is transferred, the data is
processed internally. The next data cannot be
acknowledged during the processing period.
The READY output reports the period to the
MPU. The timing when the READY is output
can be selected from the following two modes:

a. READY is mode aways available (figure
12).

b. READY ismode available by CS and RE
(figure 13).

4. LCD OFF mode

In this mode, the HD61602 stops driving LCD
and turns it off.

5. External driving voltage mode

A mode for using external driving voltage (V,
V2, and V3)

The above 5 modes are specified by mode setting
data. The modes are independent of each other and
can be used in any combination. Bit manipulation
is independent of data display mode and can be
used regardless of it.

HITACHI



HD61602/HD61603

WE

READY

/|

Input inhibit - '— Next data

Data transfer i
period |

period ! ! transfer

Figure12 READY Output Timing (When It Is Always Available)

v

RE | | / AN /]
READY : : /: :
Data transfer 4_ Input inhibit 4 ‘ﬂi Next data
period ‘ period ! ‘ transfer
Figure 13 READY Output Timing (When It IsMade Available by CS and RE)
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HD61602/HD61603

HD61603 Operating M odes
The HD61603 has the following modes:
1. READY output mode
Determines the READY output timing.

After a data set is transferred, the data is
processed internally. The next data cannot be
acknowledged during the processing period.
The READY output reports the period to the

MPU. The timing when READY is output can
be selected from the following two modes:

a. READY isawaysavailable (figure 14).

b. READY ismode available by CS and RE
(figure 15).

2. LCD OFF mode

In this mode, the HD61603 stops driving the
LCD and turnsit off.

cs

WE

READY

o

Input inhibit -

Data transfer it
period |

L ! :« Next data
period ! | transfer

Figure14 READY Output Timing (When It Is Always Available)

CS

WE

RE i

READY

Data transfer -
period

Input inhibit - F Next data
period ‘ transfer

Figure15 READY Output Timing (When It IsMade Available by CS and RE)
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HD61602/HD61603

Input Data Formats
HD61602 Input Data Formats

Input data is composed of 8 hits x 2. Input them as
2-byte data after READY output changes from low
to high or low pulse is entered into RE terminal.

1. Display data (updates display on an 8-segment

basis)
1st byte

T T T T

Display address

0] 0|0 (digit address Adn)

7 6 5 4 3 2 1 0
2nd byte
T

Display data
Il Il

7 6 5 4 3 2 1 0

a Display address
Digit address Adn in accordance with
display mode

b. Display data
Pattern data that is written into the display
RAM according to display mode and the
address

2. Bit manipulation data (updates display on a
segment basis)

1st byte

COM
address
7 6 5 4 3 2 1 0

Display|
0 1 data g g g

O O SEG address

7 6 5 4 3 2 1 0

a Display data
Data that is written into 1 bit of the
specified display RAM.
b. COM address
Common address of display RAM
c. SEG address
Segment address of display RAM

Mode setting data

External power

1st byte supply
T
/ ReaDY| Drive mode
1 0 O 0 bit bi‘ts

7 6 5 4 3 2 1 0

T
orrion| Display
U U U U u bit modg bits

7 6 5 4 3 2 1 0

a. Display mode bits
00: Static display mode
01: 1/2 duty cycle display mode
10: 1/3 duty cycle display mode
11: 1/4 duty cycle display mode
b. OFF/ON hit
1: LCD off (set to 1 when SYNC is
entered)
0: LCD on
c. Drive mode bits
00: Static drive
01: 1/2 duty cycledrive
10: 1/3 duty cycledrive
11: 1/4 duty cycle drive
d. READY bhit

0: READY bus mode; READY outputs O
only while CS and RE are 0. (reset to
0 when SYNC is entered)

1: READY port mode; READY outputs
0 regardless of CS and RE.

e. External power supply bit
0: Driving voltage is generated internally.
1: Driving voltage is supplied externally.
(Set to 1 when SYNC is entered.)

1-byteinstruction

1st byte

1 1 O o O O O O

7 6 5 4 3 2 1 0

The first data (first byte) is ignored when bit 6
and bit 7 in the byte are 1.
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HD61602/HD61603

HD61603 I nput Data Formats

Input data is composed of 4 bits x 4. Input them as
four 4-bit data after READY output changes from
low to high or low pulse is entered into RE

terminal.

1. Display data (updates display on an 8-segment

basis)
1st byte 2nd byte
T T T
Display address
0 0 g g U | (digit address Adn)
Il Il
3 2 1 0 3 2 1 0
3rd byte 4th byte
‘Displa‘y data ‘Displa‘y data
Bit7, 6 ., 5 4 Bit3, 2 1 0
3 2 1 0 3 2 1 0
a Display address

Digit address Adn shown in figure 10.

Display data

Pattern data that is written into the display
RAM as shownin figure 11.

2. Bit manipulation data (updates display on a

segment basis)
1st byte 2nd byte
0 1 [Py O O] o o
3 2 1 0 3 2 1 0
3rd byte 4th byte
0 ‘ 0 |SEG a‘ddress éEG aadress‘
Bit5, 4 Bit3, 2 . 1 _ 0
3 2 1 0 3 2 1 0
a. Display data
Data that is written into 1 bit of the
specified display RAM.
b. SEG address
Segment address of display RAM (segment
output)
1188

Mode setting data

1st byte 2nd byte
1 | o| 0| o0 o R o O
3 2 1 0 3 2 1 0
3rd byte 4th byte
o | 0O 0O O O [OFFONl 0 0
3 2 1 0 3 2 1 0
a.  OFF/ON bit
1. LCD off (set to 1 when SYNC i
entered.)
0: LCD on
b. READY bhits

0: READY bus mode; READY outputs O
only while CS and RE are 0. (reset to
0 when SYNC isentered.)

1: READY port mode; READY outputs
0 regardless of CS and RE.

1-byteinstruction

1st byte
T
1 1 O O
3 2

The first data (4 bits) is ignored when bit 3
and 2 inthedataare 1.
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HD61602/HD61603

How to Input Data
How to Input HD61602 Data

Input datais composed of 8 bits x 2. Teke care that
the data transfer is not interrupted, because the first
8-hit data is distinguished from the second one by
the sequence only.

If data transfer is interrupted, or at power on, the
following two methods can be used to reset the
count of the number of bytes (count of the first and
second bytes):

1. Set CS and RE inputs low (no display data
changes).

2. Input 2 or more “1-byte instruction” data in
which bit 7 and 6 are 1 (display data may
change).

The data input method via data input terminals
(CS, WE, Dg to D) is similar to that of static
RAM such as HM6116. An access of the LS| can
be made through the same bus line as ROM and
RAM. When output ports of a microprocessor are
used for an access, refer to the timing specifi-
cations and figure 16.

Power on

|

RE /v 7 /g
READY ST\ >
*5

SYNC ()() / \2

SB 55

Dg-D- ¢ (IstX2nd X Xist X2ndX X st X2ndX

Mode setting data Mode setting data Display data

Notes: 1. READY output is indefinite during 12 clocks after the oscillation start at power on (clock:

OSC, clock).

2. High pulse should be applied to SYNC terminal when using two or more chips

synchronously.

3. Inthe mode in which READY is always available, READY output is in definite while SYNC

is high.

4. Reset the byte counter after power on.

5. READY output period is within 3.5 clocks in the mode setting operation and bit
manipulation or within 10.5 clocks when the display data (8 bits) is updated.

6. Connect a pull-up resister if WE or RE may be floating.
7. Itis not always necessary to follow this example.

Figure16 Exampleof Data Transfer Sequence

HITACHI
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HD61602/HD61603

How to Input HD61603 Data

Input datais composed of 4 hits x 4. Take care that
data transfer is not interrupted, because the first 4-
bit data to the fourth 4-bit data are distinguished
from each other by the sequence only.

If data transfer is interrupted, or at power on, the
following two methods can be used to reset the
count of the number of data (count of the first 4-bit
data to the fourth 4-bit data):

1. SetCS and RE low.

2. Input 4 or more “1-byte instruction” data (4-
bit data) in which bit 3 and 2 are 1 (display
data may change).

The data input method via data input terminals
(CS, WE, Dy to Dy) is similar to that of static
RAM such as HM6116. An access of the LS| can
be made through the same bus line as ROM and
RAM. When output ports of a microprocessor are
used for an access, refer to the timing specifi-
cations and figure 17.

Power on

......

READY /_____, AN _/ \
*1 *5 *3 *L *5

SYNC ( /_\ *2

SB Iqé

Dg-Ds - 1stY2ndYard X4th X Y1st XendXaraX 4th X st XondX ardY 4thX

Mode setting data

Notes: 1. READY output is indefinite during 12 clocks after the oscillation start at power on (clock:

OSC, clock).

2. High pulse should be applied to SYNC terminal when using two or more chips

synchronously.

3. Inthe mode in which READY is always available, READY output is in definite while SYNC

is high.

4. Reset the 4-bit data counter after power on.

5. READY output period is within 3.5 clocks in the mode setting operation and bit
manipulation or within 10.5 clocks when the display data (8 bits) is updated.

6. Connect a pull-up resister if WE or RE may be floating.
7. ltis not always necessary to follow this example.

Mode setting data Display data

Figure17 Exampleof Data Transfer Sequence
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HD61602/HD61603

Noteson READY Output

Note that the READY output will be unsettled
during 1.5 clocks (max) after inputting the first 2-
byte data for setting the mode after turning the
power on. This is because the READY bit data of
mode setting latches and the mode of READY pin
(READY bus or port mode) are unsettled until the
completion of mode setting.

There are two kinds of the READY output
waveforms depending of the modes:

1. READY bus mode (READY bit = 0)
2. READY port mode (READY hit = 1)

However, if you input SYNC before mode setting,
waveform will be determined; when you choose
READY bus mode, (1) a in figure 18 will be
output, and when you choose READY port mode,
(2) a will be output. The figures can be applied
both to HD61602 and HD61603.

Power on
CE
WE
Do-D7 X 2nd >
7 READY output is unsettled.
Mode setting data
(2-byte data) /1 5 clocks (max)
s
Mode setting latch is unsettled.
Mode setting data are
Power on latched.
we | N/ |
RE
______ I
READY b ;. \ /
Note: CS=low |~ 77
1.5 clocks (max)
(1) READY Bus Mode
Power on
WE [N/ N
READY
Note: CS = low, RE = high
1.5 clocks (max)
3.5 clocks (max) !
(2) READY Port Mode

Figure18 READY Output According to Modes
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HD61602/HD61603

Standby Oper ation

Standby operation with low power consumption
can be activated when pin SB is used. Normal
operation of the LSl is activated when pin SB is
low level, and the LSl goes into the standby state
when pin SB is high level. The standby state of the
LSl isasfollows:

1. LCD driverisstopped (LCD is off).

2. Display data and operating mode are held.

3. The operation is suspended while display
changes (while READY is outputting low.) In
this case, READY outputs high within 10.5
clocks or 3.5 clocks after release from the
standby mode.

4. Oscillation is stopped.

When this mode is not used, connect pin SB to
Vss

Multichip Operation

When an LCD is driven with two or more chips,
the driving timing of the LCD must be
synchronized. In this case, the chips are
synchronized with each other by using SYNC
input. If SYNC input is high, the LCD driver
timing circuit is reset. Apply high pulse to the
SYNC input after the operating mode s set.

A high pulse to the SYNC input changes the mode
setting data. (The OFF/ON hit is set and the
READY hit is reset. See 3. Mode Setting Data in
“Input Data Formats’.) Transfer the mode setting

datainto the LSI after every SYNC operation.

If a power on reset signal is applied to the SYNC
pin, the LCD can be off-state when the power is
turned on.

When SYNC input is not used, connect pin SYNC
to VSS

When SB input is used, after standby mode is
released, a high pulse must be applied to the SYNC
input, and mode setting data must be set again.

Restriction on Usage
Minimize the noise by inserting a noise by-pass

capacitor (= 1 pF) between Vpp and Vgg pins.
(Insert one as near chip as possible.)

1192
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HD61602/HD61603

Liquid Crystal Display Drive Voltage
Circuit (HD61602)

What isL CD Voltage?

HD61602 drives liquid crystal display using four
levels of voltages (figure 19); Vpp, V1, Vo, and V3
(Vpp is the highest and V3 is the lowest). The
voltage between Vpp and Vziscaled V| cp and it

is necessary to apply the appropriate V| cp accord-
ing to the liquid crystal display. V3 always needs to
be supplied regardiess of the display duty ratio
since it supplies the voltage to the LCD drive
circuit of HD61602.

Figure19 LCD Output Waveform and Output
Levels
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HD61602/HD61603

When Internal Drive Power Supply Is
Used

When the internal drive power supply is used,
attach C,—C, for charge pump circuits and variable
resistance R, for deciding display drive voltage to
HD®61602 as shown in figure 20.

Internal voltage is available by setting external
voltage switching bits of mode setting data 0.

Figure 21 shows voltage characteristics between
VDD and VREFl' VOltage is divided at R]_, and then
input into Vgepo. Voltage between Vpp and Ve
is equivalent to AV in figure 21, and so V| cp can

be changed by regulating the voltage.

VRee is usualy regulated by variable resistance,
but when replacing R; with two nonvariable
resistances take Vggp; between max and min into
consideration as shown in figure 21.

Internal drive power supply is generated by using
capacitance, and so large current cannot flow.
When large liquid crystal display panel is used,
examine the external drive power supply.

C
Power lf 1 Voo
C Ty iy,
p—|R
16
q 1 Vief1 <—| Regulator
nor | v Vrer2 Voltage follower
e
]
|€2720 Vi, ~~—7——— Charge
Cs 21 2 % (V1 - Vpp) pump
v circuit
[ Ca 22 3 x (V1 — Vpp)
[ V3
23-26 COM
T 11 SEG,
LCD 76 HD61602
1 SEG;
1 5| seG,
R; =1 MQ variable
C1=0.3 pF
Cy—C4 = 0.3 uF
C5=0.1t0 0.3 uF
Co=1WF

Figure20 Example
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HD61602/HD61603

When External Drive Power Supply Is
Used

An external power supply can be used by setting
external voltage switching bits of mode setting
datato 1. When alarge liquid crystal display panel
is used, in multichip designs, which need accurate
liquid crystal drive voltage, use the external power
supply. Seefigure 22.

R>—Rs is connected in series between Vpp and
Vss, and by these resistance ratio each voltage of
AV and V| cp is generated and then supplied to V4,
V,, and V3. C,—C, are smoothing capacitors.

When regulating brightness, change the resistance
value by setting Ry, variable resistance.

Vpp—Vss (V)
23456
L |
\ |
— A ! .
S 16 +-------"=r===—im—. Min
= 1.7 !
1.9 4----- N — T
é 2.0 N ! »
> 214 \ |
2.2 i S N Max
2.3+

Figure21 Voltage Characteristics between
Vpp and Vye1

Positive
power
supply

Ce

I

.

(1) Static Drive

Vss

VREFl

VRer2
Vel
Vez

Positive
power
supply

Notes: 1. When standby mode is used, a transistor is required.

P Vpp  Positive c X Vbb
6 VSS power 6 VSS
supply
VREF1 VREF1
VRer2 ‘ VReF2
NC— V1 NC—Vey
Csz% NC—{ V¢, c,Res [NC— Ve,
—1 Vi r—1 A
R3 % Cs Rs
V, t— V,
Cs C, Ra
—t V3 — V3 Ce21pF
Rs Rs
SB —@ T, SB —@ T,
r r
(2) 1/2 Duty Cycle Drive (3) 1/3 and 1/4 Duty Cycle Drive
2. R,-Rg should be some kQ-some tens of kQ, and C,—C, should be 0.1 uF-0.3 pF.

Figure22 Examplewhen External Drive Voltage | s Used
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HD61602/HD61603

Liquid Crystal Display Drive Voltage
(HD61603)

As shown in figure 23, apply LCD drive voltage
from the external power supply.

Oscillation Circuit
When Internal Oscillation Circuit |s Used

When the internal oscillation circuit is used, attach
an external resister Rpge as shown in figure 24.
(Insert Rogc as near chip as possible, and make the
OSC; side shorter.)

When External Clock s Used

When an external clock of 100 kHz with CMOS
level is provided, pin OSC,; can be used for the
input pin. In this case, open pin OSC,.

Positive power Vbp
supply L,,fll Vss
R1

Note: When standby mode is used, a transistor is required.

C621HF

Figure 23 Example of Drive Voltage Generator

Rosc Rosc
E NC
80 79 80 79 HDetlfo“gUB 80 79
0SC; 0SC, 0SC; OSC, ' 0SC; O0SC,

Multichip operation

Figure 24 Example of Oscillation Circuit
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HD61602/HD61603

HD74LS138
+5V
-
A
A e R —J >
A15 C —
A
ddress bus v
D
Do Data bus Do
E
BAH +5V ( T‘ =
W W |0 O Dg-D; 370SC W W[ O — C
- \; lu]8 Q DiD g VREFiiHDl4049iJSBV \; e Q DeD os%os
RIW > > REF1
Voo n VRer2 . Vop 0 VRer2
1 READY l READY
SB HD61602 SB
Veel—=+5V l { Ve Vil ; gvss HD61602 v
V. Val— V.
* q? Va1 C%MO ’ —Va ’
Ve, COM; SEG, ~~--- SEGs, Ve,  SEGy--------- SEGs t
\
HD68O9|  +5V =W\ 7
cPU L T e O o I I A
(T | o e
. ) ( )
Liquid crystal
Figure25 Example (1)
HD74LS138
+5V
% -
Ay A =
e B D
Ais C —
Address bus
Y
Ds-
Dy Data bus Do
E
BAH +5V ( T‘ — |
TR S NI HD14049UB ) - S
i glzI8g P>g 2 B2 o g9
RW| Vo & o O Voo & o 0
T READY = READY
SB V. SB
HD61603 3 HD61603 Vs
vl = T il
1
COM, SEG, -~~~ SEGes SEG--------- SEGes
HD6809| +5V ‘
crul b T
R | oo e
. ) ( )
Liquid crystal

Figure26 Example(2)
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HD61602/HD61603

Absolute Maximum Ratings

Item Symbol Limit Unit
Power supply voltage* Vpp, V1, Vo, V3 -0.3t0 +7.0 \Y,
Terminal voltage* Vr -0.3to Vpp +0.3 \Y
Operating temperature Topr —20to +75 °C
Storage temperature Tstg —55to0 +125 °C

* Value referenced to Vgg =0 V.

Note: If LSIs are used above absolute maximum ratings, they may be permanently destroyed. Using them
within electrical characteristics limits is strongly recommended for normal operation. Use beyond
these conditions will cause malfunction and poor reliability.

Recommended Operating Conditions

Limit
Item Symbol Min Typ Max Unit
Power supply voltage Vpp 2.2 — 55 \%
Vi, Vo, Vg 0 — Vbb v
Terminal voltage* Vt 0 — Vbp \
Operating temperature Topr =20 — 75 °C

* Value referenced to Vgg =0 V.
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HD61602/HD61603

Electrical Characteristics

DC Characteristics (1) (Vgs=0V, Vpp =4.5t05.5V, Ta=-20to +75°C, unless otherwise noted)

Limit

Item Symbol  Min Typ Max Unit Test Condition
Input high voltage ~ OSC, \ 0.8Vpp — Vpp \Y

Others ViH2 20 — Vpp \Y,
Input low voltage 0sC, Vi1 0 — 02Vpp V

Others V||_2 0 — 0.8 \Y
Output leakage READY loH — — 5 MA VO =Vpp
current
Output low READY VoL — — 0.4 v loL = 0.4 mA
voltage
Input leakage Input i1 -1.0 — 1.0 MA  ViN=0-Vpp
current™! terminal

Vi iz —20 — 20 MHA  Viy=Vpp—V3

Vs, V3 I3 -5.0 — 5.0 pA
LCD driver voltage = COMy—COM;  Vy; — — 0.3 \Y, +ld = 3 pA for each
drop COM, V3 =Vpp-3V

SEGy—-SEGgg Vo — — 0.6 \Y *ld = 3 pA for each

SEG, V3 = VDD_S \Y
Power supply Iob — — 100 MA  During display*2
current Rosc = 360 kQ
Ibp — — 5 MA At standby
Internal driving Vi, Vo, V3 V1r — — 0.4 \Y, Vrer2 = Vpp—1V,
voltage drop C1—C4 =0.3 pF,
RL =3 MQ
Notes: 1. Vy, V,: apply only to HD61602.
2. Except the transfer operation of display data and bit data.
1199
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HD61602/HD61603

DC Characteristics(2) (Vss=0V, Vpp =2.2t0 3.8V, Ta=-20 to +75°C, unless otherwise noted)

Limit
Item Symbol  Min Typ Max Unit Test Condition
Input high voltage V4 08Vpp — Vpp \Y,
Input low voltage Vi 0 — 0.1Vpp V
Output leakage READY lon — — 5 MA  ViN=Vpp
current
Output low READY VoL — — 0.1Vpp V loL =0.04 mA
voltage
Input leakage Input i1 -1.0 0 1.0 MA  ViN=0-Vpp
current™! terminal
Vi hio —-20 — 20 HA  ViN=Vpp-Vs3
Vs, Va3 I3 -5.0 — 5.0 pA
LCD driver voltage COMe-COM3; Vg — — 0.3 \Y +ld = 3 pA for each
drop COM, V3 =Vpp-3V
SEGy—-SEGgy Vgo — — 0.6 \Y *ld = 3 pA for each
SEG, V3 = VDD_3 \Y
Power supply Isg — — 50 HA During display*2
current Rosc = 330 kQ
Iss — — MA At standby
Internal driving V1, Vo, V3 Vir — — 0.4 \Y Vrer2 = Vpp-1V,
voltage drop C,—C4 =0.3 pF,
RL = 3 MQ,
VDD =3-3.8V

Notes: 1. Vy, V,: apply only to HD61602.

2. Except the transfer operation of display data and bit data.
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HD61602/HD61603

AC Characteristics (1) (Vgs=0V, Vpp =4.51t05.5V, Ta=-20to +75°C, unless otherwise noted)

Limit
Item Symbol Min Typ Max Unit Test Condition
Oscillation frequency 0SC, fosc 70 100 130 kHz Rosc = 360 kQ
External clock 0sC, fosc 70 100 130 kHz
frequency
External clock duty 0SC; Duty 40 50 60 %
1/0 signal timing ts 400 — — ns
tH 10 — — ns
twh 300 — — ns
twi 400 — — ns
twr 400 — — ns
toL — — 1.0 ps Figure 31
ten 400 — — ns
top1 9.5 — 10.5 Clock  For display
data transfer
top2 25 — 35 Clock  For bit and mode
data transfer
Input signal rise time and fall time t,, t — — 25 ns
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HD61602/HD61603

AC Characteristics (2) (Vgs=0V, Vpp =2.2103.8V, Ta=-20t0 +75°C, unless otherwise noted)

Limit
Item Symbol Min Typ Max Unit Test Condition
Oscillation frequency 0SC, fosc 70 100 130 kHz Rosc = 330 kQ
External clock 0sC, fosc 70 100 130 kHz
frequency
External clock duty 0SC; Duty 40 50 60 %
1/0 signal timing ts 15 — — us
(Vpp =3.0-3.8V) ty 1.0 _ _ us
twh 15 — — ps
twi 15 — — us
toL — — 2.0 us Figure 32
twr 15 — — ps
ten 2.0 — — ps
top1 9.5 — 10.5 Clock  For display
data transfer
top2 25 — 35 Clock  For bit and mode
data transfer
Input signal rise time and fall time t,, t — — 25 ns
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HD61602/HD61603

Do-D-

Vi

READY

WE

READY

7Z Vig

VoL

top1, top2

Figure29 READY Timing (When the READY Output I's Always Available)
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HD61602/HD61603

Vo 7Z VoH

Within

EN WH 1 clock
ViH V,
SYNC IH
Vi

Figure30 SYNC Timing

10 kQ
Measurement
terminal
(READY)

1S2074H

[N

S

o

=

fe)
Ldldl¢
dd4—e

30 pF

Figure31 BusTimingLoad Circuit (LS TTL Load)

Vpp
470 kQ
Measurement
terminal
(READY)

ISOpF

Vss

Figure32 BusTiming Load Circuit (CMOS L oad)
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