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MOS INTEGRATED CIRCUIT

LPD7225

PROGRAMMABLE LCD CONTROLLER/DRIVER

The pPD7225 is a software-programmable LCD (Liquid Crystal Display) controller/driver. The uPD7225 can be

serially interfaced with the CPU in a microcomputer and can directly drive 2, 3, or 4-time division LCD. The uPD7225

contains a segment decoder which can generate specific segment patterns. In addition, the pPD7225 can be used to

control on/off (blinking) operation of a display.

FEATURES
e Can directly drive LCD

* Programmable time-division multiplexing

Static drive

Divide-by-2, 3, or -4 time division multiplexing

* Number of digits displayed

7-segment

Divide-by-4  time division...............
Divide-by-3 time division...............
Divide-by-2  time division...............
STALIC oo
14-segment

Divide-by-4  time division...............

» Bias method
Static, 1/2, 1/3
* Segment decoder output

16 digits

10 2/3 digits
8 digits

4 digits

8 digits

7-segment : Numeric characters 0 to 9, six symbols

14-segment: 36 alphanumeric characters, 13 symbols

« Blinking operation
e Multi-chip configuration possible
« 8-bit serials interface

75X series and 78K series compatible

« CMOS
¢ Single power supply

ORDERING INFORMATION

Part Number

Package

Quality level

UPD7225G00

52-pin plastic QFP (bend)

Standard (for general electrics application)

UPD7225G01

52-pin plastic QFP (straight)

Standard (for general electrics application)

uUPD7225GB-3B7

56-pin plastic QFP (bend)

Standard (for general electrics application)

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by
NEC Corporation to know the specification of quality grade on the devices and its recommended applications.

The information in this document is subject to change without notice.

Document No. IC-1555A (2nd edition)
(O.D. No. 1C-5825D)
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PIN CONFIGURATION: 52-pin QFP (Top View)
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PIN CONFIGURATION: 56-pin QFP (Top View)
uPD7225GB
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1. PIN FUNCTIONS

1.1 Sl (Serial Input) ...... Input

This pin is used for inputting serial data (commands/data). Data to be displayed as well as 19 deffernet
commands for controlling the operation of the uPD7225 can be input to this pin.

1.2 SCK (Serial Clock) ...... Input

This pin is used for inputting the shift clock for serial data (Sl input). The content of the Sl input is read into the
serial register at the rising edge of this clock one bit at a time. SCK input is effective when CS = 0 and BUSY = 1. If
BUSY =0, this input is ignored. If CS =1, this signal is ignored regardless of the BUSY status.

1.3 C/D (Command/Data) ...... Input

This input indicates whether the signal input from the Sl pin is a command or data. A low level indicates data; a
high level indicates a command.

1.4 BUSY...... Tri-state output

This is an active-low output pin that is used to control serial data input disable/enable. A low level disables serial
data input; a high level enables serial data input. This pin becomes high impedance when csS=1.

1.5 CS (Chip Select) ...... Input

When CS is changed from high level to low level, the SCK counter in the uPD7225 is cleared and serial data input
is enabled. At the same time, the data pointer is initialized to address 0. When CS is set to high level after serial
data is input, the contents of the data memory are trnasferred to the display latch and displayed on the LCD.

1.6 SYNC (SYNChronous) ...... Input/Output

The SYNC pin is used to make a wired OR connection when the common pins are shared or when blinking
operation is synchronized in a multi-chip configuration.

When the pPD7225 is reset (RESET = 0), the SYNC pin outputs the clock frequency (fcv) divided by four (refer to
Figure 1), and synchronizes the system clock (fc./4) of the pPD7225. When the reset is released (ﬁl’ =1), the
display timing of each uPD7225 is synchronized with the common drive signal timing shown in Figure 2.

Figure 1. SYNC Pin Status During Reset (RESET = 0)

SNC L L L L L
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Figure 2. SYNC Pin Status after Reset (RESET = 1)

|1 frame
Static |

COMO

SYNC

Divie-by-2 1 frame
time division

COMO
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Divie-by-3 1 frame
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s UL UL UL U U

Divie-by-4 1 frame
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COMO

e UL UL U U

1.7 RESET...... Input

This is an active low reset input pin.
1.8 SO0-S31 (Segment) ...... Output

These pins output segment drive signals.
1.9 COMO0-COM3 (COMmon)...... Output

These pins output common drive signals.
1.10 CL1, CL2 (Clock)

A resistor is connected across these pins for internal clock generation. When inputting an external clock, use the
CL1 pin for input.

1.11 Vica, Vice, Vics

LCD driver power supply pin.



NEC uPD7225

1.12 Vob

Positive power supply pin. Either pin 7 or pin 33 can be used.

1.13 Vss

GND pin.
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2. INTERNAL SYSTEM CONFIGURATION
2.1 Serial Interface

The serial interface consists of an 8-bit serial register and a 3-bit SCK counter.

The serial register clocks in the serial data from the Sl pin at the rising edge of SCK. At the same time, the SCK
counter increments (+1) the serial clock. As a result, if an overflow occurs (when eight pulses are counted), input
from the Sl pin is disabled (m = 0), and the contents of the serial register is output to the command/data register.

The SCK should be set to high before serial data is input and after the data has been input (after eight clocks are
input to SC_K).

Serial data must be input to the Sl pin beginning with MSB first.

MSB LSB

Sl pin D7 D6 D5 D4 D3 D2 D1 DO

1 PD7225

2.2 Command/Data Register

The command/data register latches the contents of the serial register in order to process the serial data clocked
into the serial register. After the serial data is latched, if the clocked in data is specified as command, the
command/data register transfers its contents to the command decoder. |If specified as data the command/data
register transfers its contents to data memory or the segment decoder.

2.3 Command Decoder

When the contents of the command/data register are specified as a command (C/I_D was high when data was
input), the command decoder, clocks in the contents of the command/data register and controls the uPD7225.

2.4 Segment Decoders

The uPD7225 has a 7-segment decoder for use with divide-by-3 and divide-by-4 time division, and a 14-segment
decoder for use divide-by-4 time division.

The 7-segment decoder can generate signals for numeric characters 0 to 9 and six different symbols. The 14-
segment decoder can generate signals for 36 alphanumeric characters and 13 different symbols. When the WITH
SEGMENT DECODER command is executed, if the contents of the command/data register are specified as data, the
contents will be input to the segment decoder, and converted to display codes, and then automatically written to the
data memory. Whether to select the 7-segment decoder or 14-segment decoder is determined by the most
significant bit (bit 7) of the data input to the segment decoder. It the most significant bit is 0, the 7-segment decoder
will be selected. Ifitis 1, the 14-segment decoder will be selected. If the 7-segment decoder is selected (however,
divide-by-3 and divide-by-4 time division), the lower 4 bits (bit 3 to bit 0) of the input data (C/I_D = 0) will be decoded
and written to the data memory.

If the 14- segment decoder is selected (however, divide-by-4 time division), the lower 7 bits of the input data (C/_D
= 0) will be decoded and written to the data memory.
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7 3 0 7 6 0
Lo] | 1] |
[ Decode data \— Decode data
Specifies 7-segment Specifies 14-segment
decoder decoder

When displaying the output of the segment decoder (display data) on the LCD, use an LCD configured as shown
in Figure 3 or Figure 4.
If another type of LCD is used, the displayed pattern will be different.

Figure 3. 7-Segment Type LCD

When configuring the LCD for divide-by-3 time division mode, connect as follows:

SEGn +1 COMO

SEGn + 2

SEGn

com1i

SEGn b, c, DP
SEGn+1 :a,d, g
SEGn+2 :e,f

COMO0 ta, b, f
COM1 1c,eqg
Com2 . d, DP

s
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When configuring the LCD for divide-by-4 time division mode, connect as follows:

SEGn

i

SEGn+1

o
g
Y

10

(—7

COMO

coMm1i

2

COM2

(YO — coms

SEGn
SEGn+1:
COMO
CcoM1
COM2
COM3

:a, b, c, DP

d,e f,g

1, f
:b, g
ic, e
. d, DP
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Figure 4. 14-Segment LCD

The 14-segment type LCD can be used only in the divide-by-4 time division mode. For the 14-segment LCD type,
connect segments and commons as follows:

SEGn +3 SEGn + 2
COMO

- com1

- com2

? coms

SEGn+1 SEGn

/\\ a //\ SEGn  :h,i k,n
SEGn+1:d,e,f
SEGn+2:4a,b,c, DP
f b SEGn+3:g,j,I,m
COMO :a,g,h
COM1  :b,i,jf
\/ \/ COomM2 1c, ek, |

Ve A\

The following shows the input data and display pattern, and the configuration of the display data which is
automatically written into the data memory. For the 7-segment type, the lower 4 bits (D3 to DO) are decoded. For the
14-segment type, the input data and display pattern correspond to 8-bit ASCII code. The first address to which the
display data is written is indicated as address N.

11
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Figure 5. 7-Segment LCD
Data memory Data memory
) Divide-by-3 Divide-by-4 ) Divide-by-3 Divide-by-4
Data Display tin|1\(/e| d?vis%on tirrll\(/el dei‘vis)gon Data Display tirrll\t/eI d?vis%on tirrll\(/eI dei‘vis)gon
(HEX) | pattern |N+2 N+1 N | N+1 N (HEX) | pattern |N+2 N+1 N | N+1 N
-’ -’
00 :D 3 5 3 D 7 08 :- 3 7 3 F 7
-'o -'o
il A
01 gD 0 0 3 0 6 09 0’- 1 7 3 B 7
(:'Q _'O
-’ 520
02 ‘7- 2 7 1 E 3 0A g- 0 2 0 2 0
_UO C:Uo
-’ -0
03 g- 0 7 3 A 7 0B :- 3 7 0 F 1
_'O _UO
CZ’ -0
04 0'-' 1 2 3 3 6 oC :<30 3 5 0 D 1
Nam\Jg! - O
Al ol
05 0’- 1 7 2 B 5 oD g- 0 6 0 A 0
_'O _UO
Al ol
06 :- 3 7 2 F 5 OE ‘7- 2 6 2 E 4
-'O "O
-’ CZO
07 523' 0 1 3 0 7 OF 5230 0 0 0 0 0
Nam\Jg! =Vo

12
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Figure 6. 14-Segment LCD
Upper bit
A B c D
Data | Display Data memory Display Data memory | . splay Data memory | . splay Data memory
(HEX) | pattern N+3N+2N+1 N [ PAltern N+3N+2N+1 N | Patern IN+3N+2N+1 N | Patlem IN+3N+2N+1 N
0 B%H o 0 0 0 O %%: o 4 7 E 2 9%{ o A 7 C O =%5 o 2 3 6 4
1 %{ 0 0 6 0 0 I%: o 2 7 6 4 :%:O 0 7 E 8
2 %ﬁo 2 3 C 4 H%: O 8 7 8 5 :%ao 2 3 6 C
3 %: o 2 7 8 4 I%o 0 1 E O B%go 1 5 8 4
4 [%E o 2 6 2 4 H%: ] 8 7 8 1 B%%o 8 1 0 1
5 %9 2 5 A 4 :%o 2 1 E 4 Eﬁ:o 0 6 E O
6 :%90 2 5 E 4 I%o 2 1 6 4 :EEHO 4 0 6 2
% 7 B%H 0 0 0 2 %: o 0 7 0 O :c%o 0 5 E 4 g{ 4 6 6 8
% 8 H%H o 0 0 0 A :%:E: o 2 7 E 4 :%: ] 2 6 6 4 Bgo% ] 5 0 0 A
9 H%HO 5 0 0 0 %: o 2 7 A 4 B%%o 8 1 8 1 B%Ho 9 0 0 2
A HZH F 0 0 F 9%: ] 0 6 C O B%HO 4 1 8 2
B H%% A 0 0 5 :%Ho 2 0 6 A
c E%VEH 4 0 8 2 :%%o 0 0 E O B%Ho 1 0 0 8
D B%EHO 2 0 0 4 %HO 2 0 8 4 :%: ) 1 6 6 2
E %% 1 0 8 8 :%: ] 1 6 6 8
F %%”EH 4 0 0 2 :%: ] 0 7 E O

13
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2.5

Data Memory/Data Pointer

The data memory is a memory which stores display data (32 x 4 bits). Data input by serial transfer, command

immediate data, etc., is written to the data memory.

v

Specified by data pointer

Address
0 1 2 3 4 5 6 7 8 9 10 29 30 31
I I I I I I I I I I T~ 1 I I
0 [ O I Y I T D I [
R S A N U N A A R
) 1 [ (O T T T R e R [
Bit T T T H R R N
2 [ O I Y I T D I [
3 S S A A N U A i A B B
[ (O T T T R e R I

In the data memory, either data from the serial register (when the segment decoder is not used) or data from the
segment decoder (when the segment decoder is used) is written as display data.

When the segment decoder is not used, all bits or the lower 4 bits of the serial data (C/5 = 0) input to the serial
register are assigned and written to the specific bits in location 2 to location 4 in the data memory according to the
specified time division. When the segment decoder is used, the contents of the serial register (C/B = 0) are decoded
by the segment decoder, and the corresponding display data are allocated to the location specified in data memory
by the time division specification (devide-by-3, -4 time division) and the MSB (Most Significant Bit) of the serial data.
(a) to (d) below describe these operations.

The contents of the data memory can be modified in 4-bit units or in bit units using a command.

@

(b)

14

Static
The lower 4 bits of the contents of the serial register are written to bit 0 in each address (the upper 4 bits are
ignored).

bit3 bit0

D3 D2 D1 DO

n+3 n+2 n+1 Address n

Only the content of bit 0 in each address are effective as display data.
After the data is written, the data pointer points to address n + 4.

Divide-by-2 time division
The contents of the 4 even bits of the serial register are written to bit 0 in the four addresses, and the contents

of 4 odd bits of the serial register are written to bit 1.

bit3 bit0

D7 | D6 D5| D4 D3| D2 D1| DO

n+3 n+2 n+1 Address n

The contents of bits 0 and 1 of each address are effective as display data.
After the data is written, the data pointer points to address n + 4.
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(d)

Divide-by-3 time division

The contents of the 8 bits of the serial register of the segment decoder output (8 bits) are written to bits 0, 1, and
2 of each address. In this case, 0 will be automatically written to bit 2 of address n + 2. For segment decoder
output, 0 will also be automatically written to bit 2 (D2) of address n.

bit3 bito
0 |D7| D6 D5| D4 | D3 7| p1| DO
n+2 n+1 Address n

The contents of bits 0, 1, and 2 of each address are effective as display data.

After the data is written, the data pointer points to address n + 3.

The segment decoder output written to the data memory corresponds to segments (a to g, DP) shown in Figure
3 as follows:

bit3 bit0

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

n+2 n+1 Address n

Divide-by-4 time division
The contents of the 8 bits of the serial register or the segment decoder output (8 bits) are written to bits 0, 1, 2,
and 3 of each address. For segment decoder output, 0 is automatically written to bit 3 (D3) of address n.

bit3 bit0

p7|D6|Ds|D4| | 5| p2|D1| DO

n+1 Address n

The contents of all bits of each address are effective as display data.

After the data is written, the data pointer points to address n + 2.

When 7 segments are used, the segment decoder output written to the data memory corresponds to segments
(ato g, DP) shown in Figure 3 as follows:

bit3 bit0

d|le|g|f] |DPlc|bf|a

n+1 Address n

When 14 segments are used, the segment decoder output is written to bits 0, 1, 2, and 3 of each address. In
this case, Os are automatically written to bit 3 of address n + 2, and bit 0 of address n+ 1.

bit3 bit0

p15D14/p13p12l | 7;[D10| D9 | DB p7|D6 | D5 | 7f D3| D2 | D1| DO

n+3 n+2 n+1 Address n

15
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All bits of each address are effective. After the data is written, the data pointer points to address n + 4.
The segment decoder output written to the data memory corresponds to segments (a to n, DP) shown in Figure
4 as follows:

m{l]j]g DP c | b | a dle] f|]O n|k|i]h

n+3 n+2 n+1 Address n

All contents of the 32 x 4-bit data memory are transferred to the 32 x 4-bit display data latch when the CS is set
to high. In this case, if the DISPLAY ON command has been set, the contents of the display data latch are
converted to the segment drive signal in 32-bit units in synchronization with COM0-COMS3 signals, and output
from the segment pins.

The figure below shows the relationship of the data memory, segment pins, and common signal selection
timing.

Figure 7. Data Memory, Segment Pins, and Common Signal Selection Timing

S0 S1 S2 S3 S4 S5 S6 S7 S8 S9S10 S$28529S30S31
COM 0 0
COM 1 1 .
Bit
COM 2 2
COM 3 3
01 2 3 4 5 6 7 8 9 10 28 29 30 31
Address

The data pointer (5 bits) specifies the address (0-31) of the data memory to which the display data will be
written (at the same time, the data pointer specifies the blinking data memory address (0-31)). The LOAD
DATA POINTER command is used to set the address to the data pointer (the data pointer can be initialized by
setting the CSto low). When the data pointer is counted up to 31, it then becomes 0 at the next count, and thus
it repeats the operation shown below.

( 0 31)

It should be noted that, if display data is written sequentially from address 0 in the divide-by-3 time division
mode, addresses 30 and 31 will not be written. However, if the data is written in the divide-by-3 time division
mode again, data will be written from addresses 30, 31, followed by 0 so that the display data previously written
to address 0 will be modified.

uPD7225
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2.6 Blinking Data Memory

The blinking data memory stores blinking data used to control display on/off operation (blinking). Blinking
operation can be performed in segment units. Each bit in blinking data memory corresponds to a bit in the data
memory; if a bit in the blinking data memory is set to 1, the corresponding segment will blink.

The blinking data memory is addressed by the data pointer at the same time the data memory is addressed. Data
is written by using the WRITE BLINKING DATA MEMORY command, and bit manipulation can be performed by
using the AND BLINKING DATA MEMORY, or OR BLINKING DATA MEMORY command. The BLINKING ON
command is used to initiate blinking operation or select the blinking interval (refer to 3.2)

2.7 Display Data Latch

The display data latch stores the data of the 32 x 4-bit segment driver. Each bit of the display data latch
corresponds to a bit in the data memory. All contents of the data memory are transferred to the display data latch at
the rising edge of CS, and the contents displayed on the LCD are modified. If blinking is set, the contents of data
memory are modified by the contents of blinking data memory and the resulting values are transferred to the display
data latch.

The display data written to the display data latch is successively selected by the control function performed by the
LCD timing control, and converted to segment drive signal before output.

2.8 LCD Driver

The LCD driver consists of the segment driver and the common driver, and generates the segment drive signal
and common drive signal.

The segment driver outputs a segment signal so that the relationship with the common drive signal is select level if
the drive data stored in the display data latch is 1. If the drive data stored in the display data latch is 0, the output of
the segment driver will be non-select level.

The common drive signal sequentially drives the LCD common poles according to the time divison specificaion.

2.9 LCD Timing Control

The LCD timing control generates the LCD drive timing according to the number of time divisions, the frequency
division ratio, and bias method, and supplies it to the LCD driver. In addition, the LCD timing control outputs a SYNC
signal from the SYNC pin in order to synchronize the display timing of each uPD7225 when configured in a multi-chip
configuration.

In a multi-chip configuration, the common signal can be used in common or blinking operation can be
synchronized by making a wired-OR connection with the SYNC pin of each uPD7225.

17
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3. FRAME FREQUENCY AND BLINKING FREQUENCY SETTING

3.1 Frame Frequency Setting

The frame frequency is set according to M1, MO (number of time-divisions setting), and F1, FO (frequency division

ratio) as indicated in the figure below.

Figure 8. Frame Frequency Setting

Static Divide- by-2 time Divide- by-3 time Divide- by-4 time
division division division
M1, MO
1 1 1 0 0 0
F1,FO
{8 foL foL foL
0 0 2 2"x2 2'%x3 2'x4
1 {8 foL feu foL
0 2° 2°x 2 2°x3 2°x4
1 {8 foL feu foL
0 2° 2°x2 2°x3 2°x4
1 1 {8 foL feL foL
211 211 X 2 211 X 3 211 X 4

3.2 Blinking Frequency Setting

The blinking frequency can be set in two settings by KO in the BLINKING ON command.

18

fcL = Clock oscillation frequency

Figure 9. Blinking Frequency Setting

KO Blinking frequency
0 foL
217
foL
1 T

fcL = Clock oscillation frequency
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4. LCD DRIVE POWER SUPPLY PIN VOLTAGE SETTING

The bias method for setting the LCD drive power supply pin allows a different voltage to be supplied to each pin.

Figure 10. Voltage Setting

Vici Vicz Vics
Static Vob Vop - Vicp Vob = Viep
1/2 bias Vop — % Vico Voo — % Vico Vop — Viep
1/3 bias Vop — % Vico Voo — % Vico Vop — Viep

OVico : LCD voltage

The following shows a circuit example which supplies voltages between VDD and VSS as the LCD drive reference

voltage.
(1) Static
Voo
Voo
Vicl
HPD7225 R1
Vic2
Vic3
Vss Re
GND

(2) Divide-by-2, -3 time division (1/2 bias)

Vob
Vob
upD7225 Vel
Vic2
Vic3
Vss
GND

Vicp
Ri= — xRz
Vob — Vicp

+ Vicp: LCD drive voltage
- Rz is used for contrast adjustment.

Vicp
Ri= ——— xRz
2(Vop — Vicb)

19
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(3) Divide-by-3, -4 time division (1/3 bias)

Vob
Vicl
Vic2

uPD7225

Vic3
Vss

20

i
L3
—3

T Vob
> R1

R1

R1

/Rz

J7 GND

R1

Vicp

- 3(Vop — Vicb)

x R2

uPD7225
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5. CLOCK CIRCUIT

The clock oscillator can be configured by connecting a resistor (R) across the CL1 and CL2 clock pins. When
using the external clock, CL1 can be used to input the external clock (CL2: Open).

Figure 11. External Circuit for Clock Oscillation Pins

uPD7225 uPD7225
L1 CLL External clock
for +——— 0osC R for +———— 0sC
To LCD timing CcL2 To LCD timing CcL2
control control Open

Remark fcL = Clock oscillation frequency (when using the external clock, this frequency is same as that of the
external clock frequency.)

When configuring a multi-chip system using the SYNC pin, a clock with the same frequency and same phase must
be supplied to the CL1 pin of each uPD7225.

21
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6.

RESET FUNCTION

When a low level of 12 clock cycles or more is input to the RESET pin, the uPD7225 will be reset to the following

conditions:

22

» This condition is the same as when M2 - M0 =0, F1, FO = 0 are executed by the MODE SET command.

» Display data transfer from the data memory to the display data latch ——— This condition is the same as when
the UNSYNCHRONIZED TRANSFER command is executed.

» Command/data register output ——— This condition is the same as when the WHITOUT SEGMENT DECODER
command is executed.

» LCD display ——- This condition is the same as when the DISPLAY OFF or the BRINKING OFF command is
executed.

Function when the uPD7225 is reset

* S0-S31 and COMO0-COMS3 pins output VDD
» Serial data input ——— Disabled (BUSY = 0) (However, cS= 0)

When used in a multi-chip system, the reset state must be released (rising edge of RESET) within 5 ps.

Figure 12. Reset Signal in Multi-Chip System

0.7Vop
RESET
0.3Vop

[ =1
12 clock cycles 5 us max.
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7. SERIAL DATA INPUT

Serial data is input to the Sl pin with MSB first in synchronization with the serial clock in 8-bits units. When CS is
set to low, the uPD7225 sets the BUSY to low (this initializes the SCK counter and the data pointer to 0) in order to
perform internal processing. Therefore, after the uPD7225 completes internal processing, the first bit (MSB) should
be input in synchronization with the SCK after the BUSY signal is set to high. The serial data is transferred to the
serial register in bit units at the rising edge of SCK. Inputting eight serial clocks completes the transfer of all 8 bits of
data to the serial register. At the rising edge of the eighth serial clock, the BUSY is set to low, and the status of the
c/D pin is clocked in to specify whether the data is a command or data. Afterwards, the contents of the serial register
are clocked into the command/data register.

When successively inputting 2 or more bytes of serial data, CS must be set to low until all bytes of data are input.

The BUSY is set to low each time a byte of data is input. The BUSY becomes high when the serial data is clocked in

from the serial register to the command/data register, so that the next serial data can be input.

When input of all serial data is complete, the data memory contents can be displayed by setting CSto high. CS
must not be set to high while display data is being transferred (before eight clocks has elapsed.) If it becomes
necessary to interrupt serial data transfer when transferring two or more bytes of data due to an interrupt for the CPU
interrupt, execute the PAUSE TRANSFER command after checking that the byte has been transferred, then set cs
to high. In this case, even if CS is set to high, the contents of the data memory will not be transferred to the display
data latch.

To resume serial data transfer, set CS to low in the same way as when initiating a normal transfer. However, in
this case, the contents of the data pointer are not cleared so that data write operation starts from the next data
memory address when serial data transfer is resumed (C/I_D =0).

Note In a multi-chip system in which the BUSY pins of chips are made a wired-OR connection, avoid setting the
cs pins of two or more chips simultaneously.

Figure 13. Inputting Byte

Seri(aé!ldr;’:ilﬁ’a)l X o7 X 6 X5 X b2 X b1 X Do

SCK I [ I

L L,
impedance impedance
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Figure 14. Inputting 5 Bytes Successively

Serial data | Byte 1 |_:| Byte 2 | : | Byte 3 |:: | Byte 4 | : | Byte 5 |

s ] [
BUSY | L L L L L[t
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8. COMMAND

8.1 MODE SET

This command sets the number of time divisions for the LCD display static drive or the time-division drive, bias
method, and frame frequency.

a. M1 and MO specify the number of time divisions for static drive or time-division drive.

M1 MO

0 0 - Divide-by-4 time division drive
1 0 —---mmm e Divide-by-3 time division drive
1 1 - Divide-by-2 time division drive
0 1 - Static drive

b. M2 specifies the bias method.

M2
0 1/3 bias method
1 1/2 bias method
0/1 Static

c. F1 and FO specify the frequency division ratio which determines the frame frequency (refer to Figure 8).

F1 FO Frequency division ratio
0 (O 1/27

0 1 1/28

1 (O 1/29

i 1/211

This command controls display data modification.

Normally, modification of display data is performed at the rising edge of the CS signal (transferring display data
from the data memory to the display data latch). However, after this command is executed, display data is modified
at the first alternate current drive cycle (Frame frequency x Number of time divisions) after the CcS signal is set to
high.
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8.3 UNSYNCHRONIZED TRANSFER

This command controls display data modification.
After this command is executed, display data is modified at the rising edge of the gpin.

8.4 PAUSE TRANSFER

This command disables display data modification.

After this command is executed, display data can not be modified at the first rising edge of the cs pin; instead,
modification is put off until the second rising edge of the cS pin. In addition, the data pointer is not cleared at the first
rising edge of the csS pin (refer to 2.5).

This command is used when it becomes necessary to set the cs pin to high due to an interrupt for the CPU in the
middle of serial data input operation.

8.5 BLINKING ON

This command sets the blinking operation status. The blinking frequency is set by the least significant bit of the
command (bit KO).

KO Blinking frequency (Hz)
0 fe/2Y fci: Clock oscillation frequency
1 feu/2'

8.6 BLINKING OFF

This command stops blinking operation.

8.7 DISPLAY ON

After this command is executed, LCD display operation starts according to the display data contained in the
display data latch.
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8.8 DISPLAY OFF

When this command is executed, the relationship of all common drive signals and segment drive signals enters
the non-select state. As a result, the display is turned off. Transferring display data from the data memory to the
display data latch is not affected by this command execution.

8.9 WITH SEGMENT DECODER

After this command is executed, input data is sent to the segment decoder, and the decoded code is written to the
data memory.

8.10 WITHOUT SEGMENT DECODER

After this command is executed, input data is written to the data memory without going through the segment
decoder.

8.11 LOAD DATA POINTER

This command sets immediate data D4-DO to the data pointer.

8.12 WRITE DATA MEMORY

This command stores immediate data D3-DO0 to the data memory addressed by the data pointer, and increments
(+1) the contents of the data pointer.

8.13 OR DATA MEMORY

This command ORs the contents of the data memory addressed by the data pointer and immediate data D3-DO,
and stores the result to the data memory, then increments (+1) the contents of the data pointer.
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8.14 AND DATA MEMORY

This command ANDs the contents of the data memory addressed by the data pointer and immediate data D3-DO,
and stores the result to the data memory, then increments (+1) the contents of the data pointer.

8.15 CLEAR DATA MEMORY

This command clears the contents of the data memory and the data pointer.

8.16 WRITE BLINKING DATA MEMORY

This command stores immediate data D3-DO to the blinking data memory addressed by the data pointer, and
increments (+1) the contents of the data pointer.

8.17 OR BLINKING DATA MEMORY

This command ORs the contents of the blinking data memory addressed by the data pointer and immediate data
D3-D0, and stores the result to the blinking data memory, then increments (+1) the contents of the data pointer.

8.18 AND BLINKING DATA MEMORY

This command ANDs the contents of the blinking data memory addressed by the data pointer and immediate data
D3-D0, and stores the result to the blinking data memory, then increments (+1) the contents of the data pointer.

8.19 CLEAR BLINKING DATA MEMORY

This command clears the contents of the blinking data memory and the data pointer.
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9. DISPLAY OUTPUT

The following describes the serial data organization, display data organization in the data memory, segment drive

signal, and common drive signal when the display is active in the static and divide-by-2, -3, -4 time division modes.

9.1 Static

When displaying just the digit “6” in the static mode:

a. Serial data organization: 0D, 07
b. Display data organization in the data memory

Address
n+7|n+6|(n+5(n+4 | n+3 | n+2|(n+1
| Bit |Contentsofbit0 0 1 1 1 1 1 0

c. Power supply (static)
Vico = Vict = Vop
Vic2 = Vics = Vob — Vicp

d. Relationship between common and segment

SEGn

SEGn +5 40 SEGn + 1
), SEGn + 6
U SEGnN + 2

b O\ SEGn +7

SEGh +4

SEGn + 3

COMO
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e. Segment and common drive signals

VicO
SEGn, SEGh + 2 - SEGn + 6
Vic3
VicO
SEGn + 1, SEGn +7
Vie3
Vic0
COMO
Vic3
— — — —  VicO
COMO-SEGn ---4--4--4--4--4--4--4--- 0o
. — — -VicO
COMO - SEGn + 1 0
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9.2 Divide-by-2 Time Division

When displaying just the digit “6” in the divide-by-2 time division mode:

a. Serial data organization: F5
b. Display data organization in the data memory

Address
n+3 | n+2|n+1 n
) Contents of bit 0 1 1 1 1
Bit
Contents of bit 1 1 1 0 0

c. Power supply (1/2 bias)
Vico = Vop
Vic1 = Vic2 = Vob - 1/2 Viep
Vic3 = Vobp — Vicp

d. Relationship between common and segment

SEGn + 3 4%0; SEGn

SEGn+2 ——

X 0O— seon+1

COMO

CoM1
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e. Segment and common drive signals

t0 t1 t2 t3 t0 t1 t2 t3 t0 tl
—_— Vic0

SEGn

—  Vic3
—_— VicO

SEGn +1

—  Vic3

— — — — — VicO

SEGn + 2

. o . o — Vi3

— — — — — VicO

SEGn + 3

. o . o —  Vic3

Vic0

COMO Vicl

Vic3
VicO

CoM1 Vicl

Vie3

VicO

Vicl

COMO - SEGn + 3

-Vicl

=VicO

Vicl

COML1 - SEGn

-Vicl
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9.3 Divide-by-3 Time Division

When displaying the digit “6.” in the divide-by-3 time division mode:

a. Serial data organization
» Without segment decoder: FE
» With segment decoder : 06
(However, the floating point is set to “1” by command.)
b. Display data organization in the data memory

Address

n+2| n+1 n

Contents of bit 0 1 1 0
Bit Contents of bit 1 1 1 1
Contents of bit 2 0 1 1

c. Power supply (1/3 bias)
Vico = Vop
Vic1 = Vob - 1/3 Vico
Vicz2 = Vop - 2/3 Viep
Vics3 = Vop — Viep

d. Relationship between common and segment

SEGn +1
SEGn + 2
SEGn
COMO
[ @ P COM1
COM2
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e. Segment and common drive signals

t0 t1 t2 t3 t4 t5 t0 t1 t2 t3

— VicO
Vicl
SEGn Vic2

— — Vi3

— — — — Vic0

Vicl

SEGn +1 ‘ Vie2
— — — Vic3

— — — Vic0

Vicl

SEGn + 2 Vie2
— — Vic3

VicO
Vicl
COMO Vie2

Vic3

VicO

Vicl
COM1

Vic2

Vic3

VicO

Vicl
COM2 Vie2

VicO
VicO

Vic2
COM1 - SEGn + 2
=Vic2

=VicO

Vic2
COM2 - SEGn + 2

=Vic2
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9.4 Divide-by-4 Time Division
When displaying the digit “6.” in the divide-by-4 time division mode:

a. Serial data organization
» Without segment decoder: FD
» With segment decoder : 06
(However, the floating point is set to “1” by command.)

Address
n+1 n
Contents of bit 0 1 1
Contents of bit 1 1 0
Bit
Contents of bit 2 1 1
Contents of bit 3 1 1
b. Power supply (1/3 bias)
Vico = Vob
Vici = Vobp — 1/3 Viep
Vicz2 = Vop -2/3 Vicp
Viecs = Vob — Vicp
c. Relationship between common and segment
SEGn
SEGn +1
COMO f ] ! '} coMm1
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d. Segment and common drive signals

t7 t0 t1 t2 t3 t4 t5 6 t7 t0 t1 2

— — — Vic0

Vicl

—,_ Vic2

Vic3

SEGn

— — — Vic0

Vicl
SEGn +1
Vic2

— E— E— Vic3

Vic0

Vicl
COMO

Vic2

Vic3

Vic0

Vicl
COM3

Vic2

Vic3

Vic0

Vicl
COM1

Vic2

Vic3

Vic0

Vicl
COM2

Vic2

Vic3

VicO

Vic2
COMO - SEGn +1
=Vic2

=VicO

Vic2

COM1 -SEGn---4--1--1--4--1--1--1--1--1--1--1---
=Vic2
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10. ELECTRICAL CHARACTERISTICS

Absolute Maximum Rating (T a =25 °C)

Item Symbol Condition Rating Units
Power supply voltage Voo -0.3t0 +7.0 Y
Input voltage Vi -0.3 to Voo +0.3 Vv
Output voltage Vo -0.3 to Voo +0.3 Y
Operating temperature Topt -10to +70 °C
Storage temperature Tstg -65 to +150 °C

DC Characteristics (T a=-10to +70 °C, Voo =5V £ 10%)

Item Symbol Condition Specification Units
MIN. TYP. MAX.

High level input voltage ViH 0.7 Voo Vob Y
Low level input voltage Vi 0 0.3 Voo \%
High level output voltage Von Wﬁ m lon = -10 pA Voo - 0.5 Y
Low level output voltage Vou BUSY, loL = 100 UA 0.5 \Y

VoL2 WZ, lo. =900 LA 1.0 \%
Output short-circuit current los SY_NC Vo=1V -300 UA
High level input leakage current lum Vi = Voo 2 UA
Low level input leakage current I Vi=0V -2 UA
High level output leakage current ILon Vo = Vop 2 UA
Low level output leakage current ILoL Vo=0V -2 UA
Common output impedance Rcom COMO to COM3*, Vop = Vicp 5 7 kQ
Segment output impedance Rsec S0 to S31*, Vb = Vico 7 14 kQ
Power supply voltage lop CL1 external clock, fc = 200 kHz* 100 250 HA

OAbnormal current will flow if the external clock supply is removed.
Remark [OL. Applies to Static, 1/2 bias, 1/3 bias
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AC Characteristics (T a=-10to +70 °C, Vopo =5V £ 10%)

Item Symbol Condition Spedffication Units
MIN. TYP. MAX.

Operating frequency fc 50 200 kHz
Oscillation frequency fosc R =180 kQ + 5% 85 130 175 kHz
High level clock pulse width twHe CL1, external clock 2 16 us
Low level clock pulse width twic CL1, external clock 2 16 us
SCK frequency tevk 900 ns
High level ﬁpulse width twHK 400 ns
Low level SCK pulse width twik 400 ns
BUSY 1 - SCK | hold time tHBK 0 ns
Sl set time (against SCK 1) tsik 100 ns
Sl hold time (against SCK 1) thk 200 ns
8th pulse of SCK 1 — BUSY | toke CL=50pF 3 us
delay time
CS | - BUSY | delay time tocse | CL=50 pF 15 us
BUSY low level time twie twhes = 48/fc** CL = 50 pF 4 44 (57¢| e
C/D set time (against 8th pulse of tspk 9 us
SCK 1)
C/D hold time (against 8th pulse of tHkD 1 us
SCK 1)

Remark [R. UNSYNCHRONIZED TRANSFER MODE
For SYNCHRONIZED TRANSFER MODE,
twrcs = (48/fc + AC driver frequency)

[B. BLINKING ON

. Specification )
Item Symbol Condition Units
MIN. TYP. MAX.

CS hold time (against 8th pulse of tHkcs 1 us
SCK 1)
High level CS pulse width twHes v s
Low level CS pulse width twies ! us
SYNC load capacitance Cusy tevc =5 us 50 pF

Remark [H. 8/fc
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Capacitance (T a=25 °C, Voo =0 V)

Rating
Iltem Symbol Condition Units
MIN. TYP. MAX.

Input capacitance Cin 10 pF
f=1 MHz pins

Output capacitance Coum1 Except BUSY other than those 20 pF

Output capacitance Cour2 | BUSY used for 15 pF
- p— measurement

Input/output capacitance Cio SYNC 15 pF

- are0 V.
Clock capacitance Cc CL1 30 pF

DC Characteristics (T a=0to +70 °C, Vob = 2.7 t0 5.5 V)

Item Symbol Condition Spedffication Units
MIN. TYP. MAX.

High level input voltage ViH1 Exceptﬁ 0.7 Voo Vobp \%

ViH2 SCK 0.8 Vop Vop \%
Low level input voltage Vit Except SCK 0 0.3 Voo v

Vi2 SCK 0 0.2 Voo \%
High level output voltage Vo SYNC, BUSY, lon = =7 LA Voo - 0.75 v
Low level output voltage Vou1 BUSY, loL = 100 pA 0.5 \Y

VoLz SYNC, loL = 400 LA 0.5 \Y
Output short-circuit current los SYNC, Vo=0.5V —-200 UA
High level input leakage current ILim Vi = Vop 2 UA
Low level input leakage current I Vi=0oV -2 UA
High level output leakage current ILo Vo = Vop 2 UA
Low level output leakage current ILoc Vo=0V -2 UA
Common output impedance Rcom COMO to COM3*, Voo = Vico 6 kQ
Segment output impedance Rsec SO to S31*, Vob = Vicp 12 kQ
Power supply voltage Iop CL external clock, Voo = 3 V * 10%, 30 100 HA

fc = 140 kHz*

OAbnormal current will flow if the external clock supply is removed.
Remark [OL. Applies to Static and 1/3 bias
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AC Characteristics (T a=0to +70 °C, Voo = 2.7 Vt0 5.5 V)

Item Symbol Condition Spedffication Units

MIN. TYP. MAX.
Operating frequency fc 50 140 kHz
Oscillation frequency fosc R =180 kQ 5%, Voo =3V =10 % 50 100 140 kHz
High level clock pulse width twHe CL1, external clock 3 16 us
Low level clock pulse width twic CL1, external clock 3 16 us
SCK frequency tevk 4 us
High level ﬁpulse width twHK 1.8 us
Low level SCK pulse width twik 1.8 us
BUSY 1 — SCK hold time thek 0 ns
Sl set time (against SCK 1) tsik 1 us
Sl hold time (against SCK 1) thk 1 us
8th pulse of SCK 1 — BUSY | toke CL=50pF 5 us
delay time
CS | - BUSY | delay time tocse | CL=50 pF 5 us
BUSY low level time twis twHcs > 48/fc** CL =50 pF 4 44 (57)°|  1lfc
C/D set time (against 8th pulse of tspk 18 us
SCK 1)
C/B hold time (against 8th pulse of tHkD 1 us
SCK 1)
Remark [2. UNSYNCHRONIZED TRANSFER MODE
For SYNCHRONIZED TRANSFER MODE,
twrcs = (48/fc + AC driver frequency)
[B. BLINKING ON
Item Symbol Condition Specification Units
MIN. TYP. MAX.
CS hold time (against 8th pulse of tHkcs 1 us
SCK 1)
High level CS pulse width twHes v s
Low level CS pulse width twies ! us
SYNC load capacitance Cisy |teve=7.1ps 50 pF
Remark [4. 8/fc
AC Timing Measurement Voltage
0.7Voo > Measurement < 0.7Veo
0.3Voo points 0.3Voo
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Timing Wave-Form

teve (ire)
twhe
CL1 \ \
twic
twees | twhcs
tocss
cs \
N _—— 7/
tHkes

------ \\ *1 T ,l----.\\

\

BUSY 05Vt 05VY 4
_______ tHBK tevk -TTTT ="
tokB_ [twLr
twik
o A T /
SCK
*3
twHK
tsik tHki
tspk tHkD
cib

. Vobo-0.5VwhenVobo=5V*10 %, Voo -0.75V whenVop=2.7t05.5V
[P. 0.8VwhenVop=2.7Vto55V
[B. 0.2VwhenVop=27Vto55V
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Typical Characteristic Curve (T a =25 °C)

42

Oscillation frequency (kHz)

Operating current (u«A)

External resistor and oscillation frequency

CL2 CL1
. Voo =5V
200 RN A R
100
50 =4
N
= Vobo =3V M
Ty .
100 200 500
External resistor R (k ohms)
Power supply voltage and operating current
CL2 CL1
External clock fe = 200 kHz
100
fc = 140 kH /
50
/
20
Ty
3 4 5

Power supply voltage VDD (V)

Oscillation frequency (kHz)

Power supply voltage and oscillation frequency

CL2 CL1]
140
R
R =180 kQ
[
120
/
100
80
T
3 4 5

Power supply voltage VDD (V)
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11. DIMENSIONS

52 PIN PLASTIC QFP ([114)

detail of lead end

n
L
1
o |
=t = - =
o [7| N
L
NOTE ITEM MILLIMETERS  INCHES
Each lead (?gnterllne is Iocate_d within 0.29 mm (Q.QOS inch) of A 21.0+0.4 0.82740.016
its true position (T.P.) at maximum material condition.
+0.009
B 14.020.2 0.551%5503
+0.009
c 14.0£0.2 0.551%5:008
D 21.0+£0.4 0.827+0.016
F 1.0 0.039
G 1.0 0.039
+0.004
H 0.40%0.10 0.016%5005
| 0.20 0.008
J 1.0 (T.P.) 0.039 (T.P.)
+0.008
K 3.5+0.2 0.138_0_009
+0.008
L 2.2+0.2 0.08770°009
+0.10 +0.004
M 0.15_5.05 0.006_5'003
N 0.15 0.006
+0.2 +0.009
P 2601 010229002
Q 0.1+0.1 0.004+0.004
S 3.0 MAX. 0.119 MAX.

P52G-100-00-2
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52PIN PLASTIC QFP (STRAIGHT) ([114)

44

B
39 27
C—0 26—
—] ——
——] ——
—] ——
—] ——
——] i ——
] e U
—] ——
—] ——
—] ——
—] ——
—— O —
e ] 14—

NOTE

Each lead centerline is located within 0.20 mm (0.008 inch) of
its true position (T.P.) at maximum material condition.

ITEM MILLIMETERS  INCHES

A 22.0+0.4 0.866+0.016

+0.009

B 14.0£0.2 0.551*+3-999

+0.009

C 14.0£0.2 055178992

D 22.0+0.4 0.866+0.016
F 1.0 0.039
G 1.0 0.039

+0.004

H 0.40£0.10 0.016+9-994
I 0.20 0.008

J 1.0 (T.P.) 0.039 (T.P.)

+0.009

K 4.0£0.2 0.157+9-999

+0.10 +0.004

M 0.15*9-39 0.00679-994

+0.2 +0.009

P 26792 010279992
T 1.0 0.039
u 1.45 0.057

P52G-100-01-2
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56 PIN PLASTIC QFP (10 x10)

A
B
|| 4039 ‘ 779 ||
 — | [T
LI I detail of lead end
|- M1
 — [T
 — [T ?7
—==— -—E=— C D S
 — [T
= - | + 7§
=== ] LR
 — [T -Q
o O [ [T
2= ‘ P
~
G- H
| M
/J N
NOTE ITEM MILLIMETERS  INCHES
Each lead centerline is located within 0.13 mm (0.005 inch) of A 13.2+0.4 0.520+0.016
its true position (T.P.) at maximum material condition. B 10.0+0.2 0.394+0.008
c 10.00.2 0.394+0.008
D 13.240.4 0.520+0.016
F 0.75 0.030
G 0.75 0.030
+0.004
H 0.30+0.10 0.012*3-964
I 0.13 0.005
J 0.65 (T.P.) 0.026 (T.P.)
K 1.6+0.2 0.063+0.008
+0.009
L 0.8+0.2 0.031*3-093
+0.10 +0.004
M 0.15%3-58 0.0063:903
N 0.10 0.004
P 2.7 0.106
Q 0.1+0.1 0.004+0.004
R 5°45° 5°45°
S 3.0 MAX. 0.119 MAX.

S56GB-65-3B7-3
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12. RECOMMENDED SOLDERING CONDITIONS

When mounting the puPD7225 by soldering, soldering should be performed under the following recommended

conditions.
Should other than recommended conditions be used, consult with our sales personnel.

Table 1. Recommended Soldering Conditions

Product Package Recommended conditions reference code

uPD7225 GO0 52-pin plastic QFP Pin partial heating

UPD7225 GO1

uPD7225 GB-3B7 56-pin plastic QFP IR30-00

VP15-00

Table 2. Soldering Conditions

Recommended
conditions reference Soldering method Soldering conditions
code
IR30-00 Infrared reflow Package peak temperature: 230 °C,
Time: 30 seconds max. (210 °C min.),
Number of soldering operations: 1
VP15-00 VPS Package peak temperature: 215 °C,
Time: 40 seconds max. (200 °C min.),
Number of soldering operations: 1
Pin partial heating Pin partial heating Pin temperature: 300 °C max.,
Time: 10 seconds max.

Note Do not use different soldering methods together (however, the pin partial heating can be used with the other
soldering methods).
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[MEMO]
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No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in this
document.

NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual
property rights of third parties by or arising from use of a device described herein or any other liability arising
from use of such device. No license, either express, implied or otherwise, is granted under any patents,
copyrights or other intellectual property rights of NEC Corporation or others.

While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customers must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.

NEC devices are classified into the following three quality grades:

"Standard", "Special", and "Specific". The Specific quality grade applies only to devices developed based on
a customer designated "quality assurance program" for a specific application. The recommended applications
of a device depend on its quality grade, as indicated below. Customers must check the quality grade of each
device before using it in a particular application.

Standard: Computers, office equipment, communications equipment, test and measurement equipment,
audio and visual equipment, home electronic appliances, machine tools, personal electronic
equipment and industrial robots

Special: Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support)

Specific: Aircrafts, aerospace equipment, submersible repeaters, nuclear reactor control systems, life

support systems or medical equipment for life support, etc.
The quality grade of NEC devices is "Standard" unless otherwise specified in NEC's Data Sheets or Data Books.

If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact an NEC sales representative in advance.
Anti-radioactive design is not implemented in this product.
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