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Preliminaly

GENERAL DESCRIPTION

The EM65160 is a 160-channel output common and segment driver LSI for driving large scale STN dot matrix LCD (liquid
crystal display) panel using as PDA, computers and workstation. Since this product can be used as segment or common
driver, a LCD panel can be configured only with this product. Through the use of SST (super slim TCP) technology, it is deal
for substantially decreasing the size of LCD module frame.

In common driver mode, it can be selected in single mode and dual mode by a mode pin (MD), data input/output pins are
bi-directional, four data shift direction are pin selectable.

In segment driver mode, it can be selected 4-bit parallel input mode or 8-bit parallel input mode by a mode pin (MD).

FEATURES

Both common mode and segment mode

- Display duty application: up to 1/480 duty

- Supply voltage for the logic system: +2.5 to +5.5V

- Supply voltage for LCD driver: +15 to +42V

- Number of LCD driver outputs: 160

- Low output impedance

- Low power consumption

- CMOS silicon process (P-type Silicon substrate)

- 186 pin TCP (tape carrier package) package

- Built-in display-off function: when /DSPOF is “L”, all LCD drive output remain at the Vg level.

Common Mode

- Shift clock frequency: 4.0MHz (Max.)

- Built-in 160 bits bi-directional shift register (divisible into 80bits*2)

- Available in a single mode or in a dual mode

- Data input/output pins are bi-directional, four data shift direction are pin selectable.

- Shift register circuit reset function when /DSPOF active

Segment mode

- Shift clock frequency: 14MHz(Max.) (Vpp=+5V % 10%)

- 8MHz(Max.) (Vpp=12.5V to +4.5V)

- Adopts a data bus system

- 4-bits/8-bits parallel input mode are selected by mode pin (MD)

- Automatic transfer function of an enable signal

- Automatic counting function which, in the chip select, causes the internal clock to be stopped by automatically counting
160 of input data

- Line latch circuit reset function when /DSPOF active

* This specification are subject to be changed without notice. 1 6/27/2002 (V1.1)
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Table-1 Pin Arrangement

Pin NO. Symbol 1/0 Description
1 to 160 Y1 -Yieo O LCD driver output
161,186 Vor, Vor - Power supply for LCD driver
162,185 Vior, Vior - Power supply for LCD driver
163,184 Vs, Vasr - Power supply for LCD driver
165 DIR I Display data shift direction selection
166 Vb - Power supply for logic system
167 S/C I Segment/common mode selection
168 EI
130 EIgT I/0  |Input /output for chip select or data of shift register
169 to 176 DI, - DI, I Display data inp1'1t for segment mode
DI, Dual mode data input for common mode
177 XCK I Display data shift clock input for segment mode
178 /DSPOF I Control input for deselect output level
179 LP I Latch pulse input/shift clock input for shift register
181 FR I AC-converting signal input for LCD driver waveform
182 MD I Mode selection input
164,183 Vss - Ground (0 V)
Segment Mode
Table-2 Pin Functions Of Segment Mode
Symbol 1/0 | Connected to Functions
Vb I Power Supply |Power supply for internal logic connects to +2.5 to +5.5V
Vss 1 GND Connect to Ground
Power supply for LCD driver level
Vor > VoL ¢ Normally > the bias voltage used is set by resistor divider
Vir’ Vi I Power Supply | * Ensure that the voltage are set such that V_ <V,; <V, <V,
Viasr * Vi * To further reduce the difference between the output waveforms of LCD driver output pin
Y, and Y, > externally connect Vig and Vi (i=0,12,43)
Input for display data
DI, - DI, I Controller ¢ In 4-bit parallel input mode > input data into DIy — DI;, connect DI — DI, to Vgg or Vpp
¢ In 8-bit parallel input mode > input data into DI — DI,
Clock signal for taking display data
XCK I troll
C Controller Data is read on the falling of the clock pulse
Latch signal for display data
Lp I Controller e Data is latched on the falling edge of the clock pulse
Selection of segment mode/common mode
S/IC Mode selection
8/C I Vss/Vop H Segment mode
L Common mode
Directional selection for reading display data
DIR Data read direction
DIR I Vss/Vbp L Yie0t0 Y,
H Yl to Y160

* This specification are subject to be changed without notice. 3
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Symbol

1/0

Connected to

Functions

/DSPOF

Controller

Control signal for output deselect level
¢ The input signal is level-shifted from logic voltage level to LCD driver voltage level > and
controls LCD drive circuit
e When the signal is low - the output (Y; — Y40) of LCD drive be set to level Vgg > the
contents of line latch are reset » but read the display data in the data latch regardless of]
condition of /DSPOF
e When this signal is high, the operation returns to the normal status.

FR

Controller

AC signal for LCD drive
e Input a frame inversion signal
e The LCD driver output voltage level can be set by line latch output signal and FR signal

MD

VSS/VDD

Mode selection

MD Mode selection
H 8-bit parallel input
L 4-bit parallel input

E]Ol 4 E102

Input/output for chip selection
« In output state - after 160-bit of data have been read > set to “L” then set to “H”
e In input state - the chip is selected when EI is set to “L” > then 160-bit of data have been
read > the chip is deselected
DIR EIO;
H Input
L Output

EIO,
Output
Input

Yi-Yieo

LCD Panel

LCD driver output.
One of four levels is output according to the combination of the FR signal and display data

Common Mode

Table-3 Pin Functions Of Common Mode

Symbol

1/0

Connected to

Functions

VDD

Power supply

Power supply for internal logic connects to +2.5 to +5.5V

Vss

GND

Connect to Ground

VOR: VOL
V12R= V12L

V34R= V34L

Power supply

Power supply for LCD driver level
e Normally > the bias voltage used is set by resistor divider

¢ Ensure that the voltage are set such that Vg <Vu3 <V, <V,
e To further reduce the difference between the output waveforms of LCD driver output pin

Y, and Y ¢ ,externally connect Vig and Vi (1=0,12,34)

EIO, > EIO,

Data input/output shift for bi-directional shift register
e When EIO,(EIO,) is input > it will be pull-down
e When EIO,(EIO,) is output > it will not be pull-down
DIR EIO, EIO,
H Input Output
L Output

Input

LP

Controller

Shift clock for bi-directional shift register
e Data is shifted on the falling edge of the clock

* This specification are subject to be changed without notice. 4
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Common Mode (Continuous)

Symbol 1/0 | Connected to Functions
Directional selection of bi-directional shift register
DIR Data read direction
DIR I Controller L Yis0t0 Y
H Yl to Ymo
Control signal for output deselect level
¢ The input signal is level-shifted from logic voltage level to LCD driver voltage level > and
controls LCD drive circuit
/DSPOF ! Controller e When the signal is low » the output (Y; — Yy40) of LCD drive be set to level Vgg > the
contents of shift register are reset not read
e When this signal return to high, the operation returns to the normal status.
AC signal for LCD drive
FR I Controller e Input a frame inversion signal
e The LCD driver output voltage level can be set by line latch output signal and FR signal
Mode selection
MD Mode selection
MD I Vs/Vbp H Dual mode
L Single mode
Selection of segment mode/common mode
S/IC Mode selection
S/C I V/Vbb H Segment mode
L Common mode
Dual mode data input
DI; ! Controller e In dual mode > data can input from 81 bit
DIy-DIg 1 Vss or Vpp Not used, avoiding floating.
XCK 1 Vss or open Not used
LCD driver output.
Yi-Yieo o LCD Panel ¢ One of four voltage levels is output according to FR signal and the data of shift register

FUNCTIONAL DESCRIPTIONS

Active Control

In case of segment mode, controls the selection or de-selection of the chip. Following a LP signal, and after the chip select
signal is input, a select signal is generated internally until 160bits of data have been read in. Once data input has been
completed, a select signal for cascade connection is output, and the chip is deselected. In case of common mode, controls the
input/output data of bi-directional pins.

SP Conversion & Data Control

In case of segment mode, keep input data which are 2 clocks of XCK at 4-bit parallel mode into latch circuit, or keep input
data which are 1 clock of XCK at 8-bits parallel mode into latch circuit, after that they are put on the internal data bus 8 bits at
a time.

Data Latch Control

In case of segment mode, selects the state of the data latch which reads in the data bus signals. The shift direction is controlled

by the control logic, for every 16 bits of data read in, the selection signal shifts one bit based on the state of the control circuit.

* This specification are subject to be changed without notice. 5 6/27/2002 (V1.1)
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Data Latch

In case of segment mode, latches the data on the data bus. The latched state of each LCD driver output pin is controlled by the
control logic and the data latch control, 160 bits of data are read in 20 sets of 8 bits.

Line Latch / Shift Register

In case of segment mode, all 160 bits, which have been read into the data latch block are simultaneously latched on the falling
edge of the LP signal, and output to the level shifter block.

In case of common mode, shifts data from the data input pin on the falling edge of the LP signal.

Level Shifter

The logic voltage signal is boost to the LCD driver voltage level, and output to the driver block.

4-level Driver

Drive the LCD driver output pins from the line latch/shift register data, selecting one of 4 levels (Vy, V12, V43, Vss) based on
the S/C, FR and /DSPOF

Clock control Logic

Controls the operation of each block. In case of segment mode, when a LP signal has been input, all blocks are reset and the

control logic waits for the selection signal output from the active control block.

Once the selection signal has been output, operation of the data latch and data transmission are controlled, 160 bits of data are

read in, and the chip is deselected. In case of common mode, controls the direction of data shift.

Relation between FR, data input and Liquid crystal display driver output voltage level, Explain as following table 4:

Table-4 Liquid Crystal Display Driver Output Voltage Level (Segment Mode)
(a) Segment Mode

FR Latch data /DSPOF Driver output voltage level
H H H Vo
H L H V,
L H H Vgs
L L H Vs
X X L Vss
Vs <Vus<V,<V,  H:Vpp L: Vs X:Don’t care
(b) Common Mode
FR Latch data /DSPOF Driver output voltage level
H H H Vss
H L H \
L H H Vo
L L H 2
X X L Vgs

Vs < V< Vo<V, H:Vpp, L:Vss, X: Don’t care

* This specification are subject to be changed without notice. 6 6/27/2002 (V1.1)
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Table-5 Relationship Between The Display Data And Driver Output Pin
(a) Segment Mode (4-bit Parallel Mode)

Data Figure of clock
MD | DIR | EIO; | EIO, g
Input | 14 2nd 3rd 38h | 3% | 40w
DIy Yis7 Yis3 Yia0 Yo Ys Y,
DI Y Y Y Y Y Y
L L Output lnput 1 158 154 150 10 6 2
DI, Yiso Yiss Yisi Yu Y, Y3
DI, Yieo Yise Yisy Yo Ys Y,
DI, Y, Ys Yo Yiso | Yise | Yieo
DI Y Y Y Y Y Y
L H Input Output 1 3 7 11 151 155 159
DI, Y, Y Yio Yiso Yisa Yisg
DI, Y, Ys Yy Yig Yis3 Yisy
(b) Segment Mode (8-bit Parallel Mode)
Data Figure of clock
MD | DIR | EIO;, | EIO, g
Input | 1y 2nd 3rd 18 | 19 | 20n
DI, Yiss Yiss Yizr Yy Yo Y,
DII Y154 YI46 YI38 YI8 Yl() Y2
DI, Yiss Yir | Yizo Yio Yu Y;
DI Y Y Y Y Y Y
H L Output Input 3 156 148 140 20 12 4
DI4 Y157 YI49 YI4I Y21 Y13 YS
DIS Y158 YISO YI42 Y22 Y14 Y()
D]6 Y159 YlSl Y143 Y23 YIS Y'7
D]7 Y160 YISZ Y144 Y24 Y16 YS
DI, Y Y6 Yo Y4 Yis Yieo
D, Y, Yis Yo Yis Yisi Yiso
DI, Ys Y Yo Yia Yiso Yisg
DI Y Y Y Y Y Y
H H Input Output 3 5 13 21 141 149 157
DI4 Y4 Y12 Y20 Y140 YI48 Y|56
DI Y3 Yu Yoo Yz Y Yiss
DI Y, Yio Yig Yisg | Yiage | Yisa
DL, Y, Yo Yy Yisz | Yiss Yis3
(c) Common Mode
MD DIR Data transfer direction EIO, EIO, DI,
L H Y=Y 60 Input Output X
(Single) L Y0 =Y Output Input X
Y, —Y
H 1= 280 Input Output Input
H Ys1—Yi60
(Dual) Yiso— Ysi
L Yoo Y, Output Input Input

H:VDD, L:Vss 5 X: Don’t care

* This specification are subject to be changed without notice. 7
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Connection example of plural segment driver
Case of DIR=""L"
Yo — Y, Yip —> Y, Yip — Y,
EIO , EIO | > EIO , EIO > EIO , EIO
DIR | DIR | DIR |
5 = A
4] 7 4] 7 %l 7
) Y ) S o) <
555 555 S5=€A
XCK l l
LP
MD
FR
DI, ~ DI,
VSS
Figure-3. Connection Example Of Plural Segment Driver (DIR=""L"")
Case of DIR="H"
Yo «<—Y, Yo €<—Y, Yo «—Y,
EIO, EIO , [« EIO EIO | |« EIO EIO Vs
DIR | DIR | DIR |
a a a
a4 7 ) 7 ) 7
S5Z2EKs S5SEs S5SEs
XCK l l
LP
MD
FR
DI, ~ DI,
VDD
Figure-4. Connection Example Of Plural Segment Driver (DIR="H")
Timing chart of 4-Device cascade Connection of Segment Drivers
R X
e ] I
xew UL oo e e e JUUuL
N L EENN LD EENN LD EEEN DR EE [T T T1
I device A I device B I device C I device D I
El
(device A)
EO
(device A) Ll
EO
(device B) I_I
EO
(device C) |_|

n: 4-bit parallel mode 40
8-bit parallel mode 20

Figure-5. Timing Chart Of 4-Device Cascade Connection Of Segment Drivers
6/27/2002 (V1.1)
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Single mode case of DIR="L"

First T T T T Last
Yy -mmmmmmemmmmemseesees Y, Yig -mmemmmemmmemmeessees Y, Yig -mremmmemmmemmeeseees Y,
DI —>{EIO , IQL EIO , EIO , 'E'- EIO , EIO , 'E'- EIO ,
~ o ~ o ~ o
535958 ¢% 5 3958¢% 55958 ¢%
LP l l
Vo OF Vg
VSS l
DSPOF
FR
Figure-6. Connection Of Plural Common Driver Of Single Mode (DIR=""L"")
Single mode case of DIR="H"
Last T T T T First
Yig commemmmeesmeesseeees Y, Yig wreeemmeemmeessmeesses Y, Yigp commemmmemsmeesseesse Y,
EIO , % ElO, EIO , % ElO, EIO , & EIO , f«—DI
o o o
55858¢ 55858 ¢ 55858¢
LP l 1

Vo or Vg

Figure-7. Connection Of Plural Common Driver Of Single Mode (DIR="H"")

Connection of plural common driver of dual mode

Dual mode case of DIR=""L"

DIR

Voo  or Vss

Figure-8. Connection Of Plural Common Driver Of Dual Mode (DIR=""L"")

* This specification are subject to be changed without notice. 9
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g
Dual mode case of DIR="H
Last 2 First 2 Last 1 First 1
Yig mmmmmemmeemmeeeseees Y Y Y Yy Y, Yig reemmeemmeessesseoes Y,
EIO , % E0 EIO , % EIO, EIO , % EIO  |«—DI |
@ % o @ % o %
-~ o & = = = =
Sasaof S a5sa0of Sa5sa0of
Lp 1 l
Vo of Vg
VSS
VDD
DSPOF
FR
DI 2

Figure-9. Connection Of Plural Common Driver Of Dual Mode (DIR="H")

Power Supply Circuit for LCD drive

Resistive dividing

Driving bias voltage is generally generated by a resistive divider.(Figure 17)

Precaution when connecting or disconnecting the power.

This LSI has a high voltage LCD driver, so it may be permanently damaged by a high current which may flow if a voltage is
supplied to the LCD driver power supply while the logic system power supply is floating.

We recommend you connecting the serial resistor (50~100€2) or fuse to the LCD drive power V, of the system as a current
limiter. And set up the suitable value of the resistor in consideration of LCD display grade.

When connecting or disconnecting the power supply, show the following recommend sequence.

VDD
VDD
VSS
VDD
DSPOF Vs
VDD
v,
0 VSS

Figure-10. Sequence For Connecting Or Disconnecting The Power Supply

* This specification are subject to be changed without notice. 10 6/27/2002 (V1.1)
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Preliminary

In graphic display, the size of the LCD becomes larger and the display duty ratio becomes smaller, so the stability of LCD

drive voltage level is more important than in small display system.

Since the LCD for graphic display is large and has many picture elements, the load capacitance becomes large. The high

impedance of the power supply for LCD drive produces distortion in the drive waveforms, and degrades display quality. For

this reason, the LCD drive voltage level impedance should be reduced with operational amplifier. (Figure 17)

Range of Operating Voltage: VO

It is necessary to set the voltage for VO within the VDD operating voltage range shown in the diagram below.

VO(V)

42
40
30

Operating voltage range

20
10

20 25 3.0 4.0 50 5.5

VDD (V)

Absolute Maximum ratings

Figure-11 Operating Voltage Range (VDD-VO)

Table-6 Absolute Maximum Ratings

Parameter Symbol | Conditions Applicable pins Ratings Unit
Supply voltage (1) Vbp Vbp -0.3 to +7.0 \4
VO Ta=250C VOL’ VOR -0.3 to +45.0 \%
Supply voltage (2) Vi Referenced to Vi, Vigr -0.3 to V+0.3 \4
V43 V43L9 V43R -0.3 to V0+O.3 A\

Ves (OV) DI XCK, LP, DIR, FR, MD, S/C, EIO

Input voltage Vi Elgi’ /DSP(’)F ’ o ’ ’ Pl 203 to Vppt0.3 \Y
Storage temperature Ty -45 to +125 C

* This specification are subject to be changed without notice. 11
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Recommended Operation Conditions
Table-7 Recommended Operation Conditions

Parameter Symbol | Conditions Applicable pins Min. Type Max. Unit
Supply voltage (1) Vpp Referenced to Vop +2.5 +5.5 \Y%
Supply voltage (2) Vo Vss (0V) Vo, Vor +15 +42 \Y%

Operating temperature Topr -20 +85 [

Note: Ensure that voltages are set such that Vs <V43 <V, <V

DC Characteristics
Segment Mode
Table-8 DC Characteristics Of Segment Mode
(Vss==0V, Vpp =+2.5 to +5.5V, Vo= +15 to +42V, T, = -20~+85°C)

Parameter Symbol Conditions Applicable pins Min. Typ. Max. Unit
Inout voltase Vi DI, -DI,, XCK, LP, DIR, FR, MD,| 0.8Vyp \%
P & Vi S/C, E1O,, EIO,, /DSPOF 02Ves |V
\% Iog=-0.4mA Vpp-0.4 \Y%
Output Voltage O OH = EIO,, EIO, DD
Vor To; =+0.4mA +0.4 v
Input leakage ]LIH VIZVDD DIO -D]7, XCK, LP, D]R, FR, MD, +10 },I,A
current L Vi=Vss S/C, EIO,, EIO,, /DSPOF -10 LA
V=+40V 0.7 1.0
Output resistance Ron [AVon|=0.5V |V =+30V Y- Yieo 1.0 1.5 kQ
V=20V 1.5 2.0
Stand-by current Igrg *1 \ 50.0 uA
Consumed current
I *2 2. A
(Deselection) DDt Voo 0 m
Consumed.current oo - Voo 8.0 mA
(Selection)
Consumed current Iy *4 Vo 1.0 mA
Note:

1. Vpp=+5.0V, V=+42.0V, Vi=Vs
2. Vpp=+5.0V, V=+42.0V, V=V, fxcx=14MHz, No-load, EI=Vpp,
3. Vpp=+5.0V, V=+42.0V, V=V, fxcx=14MHz, No-load, EI=Vi
4. Vpp=+5.0V, V=+42.0V, V=Vss, fxex=14MHz, fx=80Hz, No-load, EI=Vs

(The input data is turned over by data taking clock (4-bit parallel input mode)

* This specification are subject to be changed without notice. 12 6/27/2002 (V1.1)
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Common mode
Table-9 DC Characteristics Of Common Mode
(Vss =0V, Vpp =+2.51t0 5.5V, Vo =+15 to +42V, Ta = -20~85°C)

Parameter Symbol Conditions Applicable pins Min. Typ. Max. Unit
Input voltage Vi DI, -DI;, XCK, LP, DIR, FR, MD,| 0.8Vpp \%
Vi S/C, EIO,, EIO,, /DSPOF 0.2Vpp \Y
Output voltage Von loy=-0.4mA EIO,, EIO, Vip-0-4 v
VoL Io = +0.4mA +0.4 \Y
Input leakage current Iy Vi=Vpp DI, -DI;, XCK, LP, DIR, FR, MD, +10 LA
I V=Vgs S/C, EIOy, EIO,, /DSPOF -10 HA
V=*+40V 0.7 1.0
Output resistance Ron  |IAVon=0.5V| V=30V Y- Yieo 1.0 1.5 kQ
V=20V 1.5 2.0
Input pull-down
Ipp Vi=Vpp XCK, EIO, EIO, 100.0 A
current
Stand-by current Iste *1 Vss 50.0 LA
Consumed current (1) Ipp *2 Vobp 80.0 LA
Consumed current (2) 1o *2 Vo 160.0 LA

NOTE:
1. VDD = +5V, VO = +42V, V[ = Vss
2. Vpp =15V, Vo=+42V, {1 p = 41.6kHz, frg = 80Hz, case of 1/480 duty operation, No-load

AC Electrical characteristic
Segment mode 1
Table-10 AC Electrical Characteristics Of Segment Mode 1
(Vss =0V, Vpp =+4.5 to +5.5V, V= +15 to +42V, T, = -20~85°C)

Parameter Symbol Condition Min. Type Max. Unit
Shift clock period  *1 Twek Tgr,Tr=10ns 71 ns
Shift clock “H” pulse width Twekn 23 ns
Shift clock “L” pulse width TwekL 23 ns
Data setup time Tps 10 ns
Data hold time Ton 20 ns
Latch pulse “H” pulse width Twirn 23 ns
Shift clock rise to latch pulse rise time Tip 0 ns
Shift clock fall to latch pulse fall time TsL 25 ns
Latch pulse rise to shift clock rise time Tig 25 ns
Latch pulse fall to shift clock fall time Tin 25 ns
Input signal rise time  *2 Tr 50 ns
Input signal fall time  *2 Tk 50 ns
Enable setup time T 21 ns
/DSPOF removal time Tsp 100 ns
/DSPOF “L” pulse time TwpL 1.2 Us
Output delay time (1) Tp C =15pF 40 ns
Output delay time (2) Tppi, Trpo C =15pF 1.2 us
Output delay time (3) Tpp3 C =15pF 1.2 s

NOTES:
1. Take the cascade connection into consideration.

2. (Twek — Twekn — Tweke) / 2 is maximum in the case of high-speed operation.

* This specification are subject to be changed without notice. 13 6/27/2002 (V1.1)
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Segment mode 2
Table-11 AC Electrical Characteristics Of Segment Mode 2
(Vss =0V, Vpp =+2.5 to +4.5V, V= +15 to +42V, T, = -20~85°C)

Parameter Symbol Condition Min. Type Max. Unit
Shift clock period  *1 Twek Tr,Tr=10ns 125 ns
Shift clock “H” pulse width Twekn 51 ns
Shift clock “L” pulse width TwekL 51 ns
Data setup time Tphs 30 ns
Data hold time Tpu 40 ns
Latch pulse “H” pulse width Twipn 51 ns
Shift clock rise to latch pulse rise time Tip 0 ns
Shift clock fall to latch pulse fall time TsL 51 ns
Latch pulse rise to shift clock rise time Tis 51 ns
Latch pulse fall to shift clock fall time Tin 51 ns
Input signal rise time  *2 Tr 50 ns
Input signal fall time  *2 Tk 50 ns
Enable setup time Ty 36 ns
/DSPOF removal time Tsp 100 ns
/DSPOF “L” pulse time Twor 1.2 Us
Output delay time (1) Tp C =15pF 78 ns
Output delay time (2) Tpp1, Trp2 C =15pF 1.2 us
Output delay time (3) Tpp3 C =15pF 1.2 s

NOTES:
1. Take the cascade connection into consideration.

2. (Twex — Twekn — Tweke) / 2 1s maximum in the case of high-speed operation.

Common mode
Table-12 AC Electrical Characteristics Of Common Mode
(Vss =0V, Vpp =+2.5 to +5.5V, Vo= +15 to +42V, T, = -20~85°C)

Parameter Symbol Condition Min. Type Max. Unit

Shift clock period Twrp Tr,Tr=20ns 250 ns

. . . Vpp=+5.0V£10% 15 ns
Shift clock “H” pulse width Twirn Vot 2.5V—4.5V 30 "
Data setup time Tsy 30 ns
Data hold time Ty 30 ns
Input signal rise time Tr 50 ns
Input signal fall time Tg 50 ns
/DSPOF removal time Tsp 100 ns
/DSPOF “L” pulse time TwpL 1.2 us
Output delay time (1) TpL C =15pF 200 ns
Output delay time (2) Tppy, Tppa  |Cr=15pF 1.2 us
Output delay time (3) Tpp; C =15pF 1.2 us

* This specification are subject to be changed without notice. 14 6/27/2002 (V1.1)
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Timing diagram
Timing characteristics of segment mode
< TWLPH >
LP Tin
—_— Ts
> [ >
TLS N » TWCKH N
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