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Cautions

Keep safety first in your circuit designs!

1

Renesas Technology Corporation puts the maximum effort into making semiconductor products better and more reliable, but
there is always the possibility that trouble may occur with them. Trouble with semiconductors may lead to persond injury, fire
or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate measures such as (i)
placement of substitutive, auxiliary circuits, (ii) use of nonflammable materia or (iii) prevention against any malfunction or
mishap.

Notes regarding these materias

1

These materials are intended as areference to assist our customers in the selection of the Renesas Technology Corporation
product best suited to the customer's application; they do not convey any license under any intellectual property rights, or any
other rights, belonging to Renesas Technology Corporation or athird party.

Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any third-party's rights,
originating in the use of any product data, diagrams, charts, programs, agorithms, or circuit application examples contained in
these materials.

All information contained in these materials, including product data, diagrams, charts, programs and agorithms represents
information on products at the time of publication of these materials, and are subject to change by Renesas Technology
Corporation without notice due to product improvements or other reasons. It is therefore recommended that customers contact
Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor for the latest product
information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other lossrising from these
inaccuracies or errors.

Please d so pay attention to information published by Renesas Technology Corporation by various means, including the
Renesas Technology Corporation Semiconductor home page (http://www.renesas.com).

When using any or all of theinformation contained in these materials, including product data, diagrams, charts, programs, and
algorithms, please be sure to evaluate al information as atotal system before making afinal decision on the applicability of
theinformation and products. Renesas Technology Corporation assumes no responsibility for any damage, liability or other
loss resulting from the information contained herein.

Renesas Technology Corporation semiconductors are not designed or manufactured for use in adevice or system that is used
under circumstances in which human lifeis potentialy at stake. Please contact Renesas Technology Corporation or an
authorized Renesas Technology Corporation product distributor when considering the use of a product contained herein for
any specific purposes, such as apparatus or systems for transportation, vehicular, medica, aerospace, nuclear, or undersea
repeater use.

The prior written approva of Renesas Technology Corporation is necessary to reprint or reproduce in whole or in part these
materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be exported under alicense
from the Japanese government and cannot be imported into a country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the country of destination is
prohibited.

Please contact Renesas Technology Corporation for further details on these materials or the products contained therein.




HD66503

(240-Channel Common Driver with Internal LCD
Timing Circuit)

HITACHI

Description

The HD66503 is a common driver for liquid crystal dot-matrix graphic display systems. This device
incorporates a 240 liquid crystal driver and an oscillator, and generates timing signals (alternating signals
and frame synchronizing signals) required for the liquid €rystal“display. It also achieves low current
consumption of 100 pA through the CMOS process. Combined'with the HD66520, a 160-channel column
driver with an internal RAM, the HD66503 is optimal for usein displays for portable information tools.

Features

e LCD timing generator: 1/120, 1/240 duty cyeleinternal, generator

e Alternating signal waveform generator: Pin programmable 2 to 63 line inversion
e Recommended display duty cycle: 14420, 1/240(master mode): 1/120 to 1/240 (slave mode)
e Number of LCD driver: 240

e Power supply voltage: 2.7 to 515V

e High voltage: 8 to 28-V LCD.drive voltage

e Low power consumpti©ns 100 pA (during display)

e Internal display off function

e Oscillator eireuit withistandby function: 130 kHz (max)

¢ Display timingoperation clock: 65 kHz (max) (operating at 1/2 system clock)

e Package: 272-pin TCP

e CMOS process

Ordering Information

Type No. TCP Outer Lead Pitch (um)
HD66503TAO0 Straight TCP 200
HD66503TBO Folding TCP 200
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HD66503

Pin Arrangement

X240 11 272 V2R
X239 2 271 V5R
X238 13 270 V6R
X237 14 260 | VIR
X236 15 268 Veer
X235 16 267 | Veeo
X234____17 266_____| MIS
X233 I8 Doc
X232 19
X231 10
57| MWS0
256 | MWS1
255 | Mws2
254 | MWS3
‘ 253 | MwS4
252 MWS5
251 | SHL
X10[ 231 250 GND
X9 1232 20| cC
X8[____1233 248 R
X7[___1234 247C_| CR
X6[__1235 246 | Veor
X5 1236 245 | Vgg
X4 1237 244 | vIL
X3[__1238 243[ | v6L
X2 239 242 V5L
X1[___J240 241 vaL

Note : This figure does not specify the tape carrier package dimensions.
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Pin Description

Classi- Number
fication Symbol Pin No. Pin Name 1/0 of Pins Functions
Power Ve 246 Ve Power 2 V..—GND: logic power supply
supply Ve, 267 supply
GND 250 GND Power 1
supply
Ve, 245 Vee Power 2 Ve~V LCD drive circuits power
Veer 268 supply supply
V1L, R 244 V1 Input 2 LCD drive level power supply
269 See Figure 1.
V2L, R 241 V2 Input 2
272
V5L, R 242 V5 Input 2
271
V6L, R 243 V6 Input 2
270
Control  M/S 266 Master/slave Input 1 Controls the initiation and termination of
signals the)LCD timing generator. In addition,
the input/output is determined of 4
signal pins: display data transfer clock
(CLY); first line marker (FLM);
alternating signal (M); and display off
control (DOC). See Table 1 for details.
DUTY 259 Duty Input 1 Selects the display duty cycle.
Low level: 1/120 display duty ratio
High level: 1/240 display duty ratio
MWSO0to 257 MWSO0 Input 6 The number of line in the line
MWS5 256 MWS1 alternating waveform is set during
255 MWS2 master mode.
254 MWS3 The number of lines can be set
253 MWS4 between 10 and 63.
252 MWS5 When using the external alternating
signal or during slave mode, set the
number of lines to 0. See Table 2.
MEOR 258 M Exclusive- Input 1 During master mode, the signals
OR alternating waveform output from pin M
is selected.
During low level, the line alternating
waveform is output from pin M.
During high level, pin M outputs an
EOR (exclusive OR) waveform between
a line alternating waveform and frame
alternating waveform. Set the pin to low
during slave mode. See Table 3.
HITACHI
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Classi-
fication Symbol

Pin No.

Number
Pin Name 110 of Pins

Functions

Control CR,R,C
signals

247
248
249

CR 3
R
C

These pins are used as shown in Figure
4 in master mode, and as shown in
Figure 5 in slave mode.

RESET

261

Reset Input 1

The following initiation will be proceeded

by setting to initiation.

1) Stops the internal oscillator or the
external oscillator clock input.

2) Initializes the counters of the liquid
crystal display timing generator and
alternating signafs(M) generator.

3) Set display off eontrol output (DOC)
to low and,turnsoff display.

After reset, display off €ontrol output

(DOC) willstay lovwfor four more frame

cycles (four elocks of FLM signals) to

prevent errordisplay at initiation. The
electrical characteristics are shown in

Table 4. See Figure 2.

However, when reset is performed

during operation, RAM data in the

HD66520 which is used together with

the HD66503 may be destroyed.

Therefore, write data to the RAM again.

LCD CL1
timing

263

Clock 1 1O, 1

The bidirectional shift register shifts data
at the falling edge of CL1. During master
mode, this pin-outputs a data transfer
clock with a two times larger cycle than
the internal oscillator (or the cycle of the
external clock) with a duty of 50%.
During slave mode, this pin inputs the
external data transfer clock.

FLM

264

FirSt line 1/10 1
marker

During master mode, pin FLM outputs
the first line marker. During slave mode,
this pin inputs the external data first line
marker. The shift direction of the first
line marker is determined by DUTY and
SHL signal as follows. Set signal DUTY
to high during slave mode. See Table 5.

262

M I/0 1

Pin M inputs and outputs the alternating
signal of the LCD output.
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Classi-
fication Symbol

Pin No.

Pin Name

Number
110 of Pins

Functions

LCD SHL
timing

251

Shift left

Input 1

Pin SHL switches the shift direction of
the shift register. Refer to FLM for
details.

DISPOFF

260

Display off

Input 1

Turns off the LCD.

During master mode, liquid crystal drive
output X1 to X240 can be set to level V1
by setting the pin to low. By setting the
HD66520 to level V1 in the same way,
the data on the display can be erased.
During slave modegset,DISPOFF high.

265

Display off
control

I/0 1

Controls the display-off function. During
master mode{'pin DOC.Becomes an
output pin and‘controls display off after
reset and display off according to signal
DISPOEF. In this case, connect this
signal to the HD66520's pin DISPOFF.
During slave mode, pin DOC becomes
an input pin for display off control signal.
Inithis‘case, connect this signal to the
master HD66503's pin DOC.

LCD X1to
drive X240
output

240
tol

X1to
X240

Output 240

Selects one from among four levels (V1,
V2, V5, and V6) depending on the
combination of M signal and display
data. See Figure 3.

Note: 30 input/outputs (excluding driver block)
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M signal
Display data

Output level

Figur

¢

\
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Table1 M/S Signal Status

M/S Mode LCD Timing Generator CL1, FLM, M, DOC Input/Output State
H Master 1/120 or 1/240 duty cycle control Output
L Slave Stop Input

Table2 MSWO0 to MSW5 Signals Status

Number Line Alternating

of Lines MWS5 MWS4 MWS3 MWS2 MWS1 MWSO0 Waveform Pin M State
0 0 0 0 0 0 0 — Input

1 0 0 0 0 0 1 Disable Qutput

2 0 0 0 0 1 0 2-line alternation

3to63 Otol Otol Oto1l Oto1l ltol ltol 3-line, alternation to
63-line alternation

Table3 MEOR Signal Status

Mode MEOR Types of Alternating Wayeforms Output by Pin M

Master H Line alternating waveform @ frame’alternating waveform
L Line alternating waveform

Slave L —

Table4 Power Supply Conditions

Iltem Symbol Min Typ Max Unit
Reset time treset 1.0 — — us
Rise time t, — — 200 ns

Table5 FLM Status Control

Mode DUTY SHL Shift Direction of First Line Marker
Master H H X240 — X1
L X1 — X240
L H X120 — X1, X240 — X121
L X1 — X120, X121 — X240
Slave H H X240 — X1
L X1 — X240
HITACHI
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Internal Block Diagram

ViL
V6L
V5L
V2L

X1 to X240

LCD driver

mo D240

VEEL
Veer Level shifter
Vccz
GND
%0 L240
Bidirectional shift register
A A A
DUTYS CL1P| [FLMP
RESET ? '1;
LCD timing
generator

FLMM

_ CRP
MSS

CR oscillator

CR R C

Level
shifter

FLMM

' ¥

Display off
ntroller

> O—0O
IS DUTY,  MEOR SHL

'WS5
to MWSO

DISPOFF
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HD66503

1. CR Oxcillator: The CR oscillator generates the HD66503 operation clock. During master mode, since
the operation clock is needed, connect oscillation resistor R; with oscillation capacitor C; as follows. When
the external clock is used, input external clock to pin CR and open pins C and R (Figure 4).

When using the HD66503 during slave mode, the operation clock will not be needed; therefore, connect pin
CRto V. and open pins C and R (Figure 5).

2. Liquid Crystal Timing Generator: The liquid crystal timing generator creates various signals for the
LCD. During master mode (M/S = Vo), the generator operates the HD66503's internal circuitry as a
common internal driver using the generated LCD signals. In addition, signals CL1, M, and DOC created by
this generator can synchronously display data on aliquid crystal display by inputting them into the RAM-
provided segment driver HD66520 used together with HD66503. During slave mode (M/S = GND), this
generator stops; the slave HD66503 operates based on signals CL1, M, DOC, and FlM génerated by the
master HD66503.

3. M/S Switcher: Controls the input and output of LCD signals CL1, FLM, Mand DOC.
This circuit outputs data when M/S = V. (master mode) and inputs@ata wheniM/S = GND (slave mode).

4. Alternating Signal Generator: Generates the aternatingdignalfor the liquid crystal display. Since the
alternating signal decreases cross talk, it can alternate among 2 10’63 lines. The number of lines are
specified with pins MWS0 to MWS5 is set to either V ¢ 0PGND.

Moreover, the alternating signal can be externally input,by grounding pins MWS0 to MWSE. In this case,
the alternating signal isinput from pin M.

|C R CR| |C R CR|

OPEN OPEN External clock

Figure4 Oscillator Connection in Master Mode

|c R CR|

OPEN OPEN Vg

Figure5 Oscillator Connection in Slave M ode
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5. Display Off Contral Circuit: Controls display-off function by using external display off signal DISPS
and automatic display off signal FLMM generated by the liquid crystal timing generator. Automatic display
off signal FLMM is an internal signal that is used to turn off the display in four frames after signal reset is
released. Asaresult, it is possible to turn off display using the display off signal that is sent randomly from
an externa LS| and automatically prevent incorrect display after reset release.

6. Bidirectional Shift Register: Thisis a 240-bit bidirectional shift register. This register can change the
shift direction using signal SHL. During master mode, the scan signal of the common driver can be
generated by sequentially shifting first line marker signal FLM generated internally. During slave mode, a
scan signal is generated by sequentially shifting first line marker signal FLM input from pin FLM.

7. Leve Shifter: Boosts the logic signal to a high voltage signal for the LCD.

8. LCD Drive Circuit: One of the LCD levels V1, V2, V5, and V6 are selécted ‘andsoutput via pin X
according to the combination of the datain the bidirectional shift register andisignal M.

Table6 Output Level of LCD Circuit

Data in the Shift Register M Qutput Cevel
1 1 V2
0 1 V6
1 0 V1
0 0 V5

HITACHI
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Internal Function Description

1. Generation of SignalsCL1 and FLM: Signal CL1 shifts the scanning signal of the common driver. It
isa50% duty-ratio clock that changes level synchronously with the rising edge of oscillator clock CR.

FLM isaclock signal that is output once every 240 CL 1 clock cycles for a duty of 1/240 (DUTY = V),
and every 120 CL1 clock cyclesfor aduty of 1/120 (DUTY = GND).

2. Generation of Signal M: Signal M alternates current in the LCD. It alternates the current to decrease
cross talk after a certain number of lines ranging from 2 to 63 lines. The number of lines can be specified
with pins MWS0 to MWS5 by setting each pin to either V. or GND (H or L). Ingaddition, when pin
MEOR is connected to GND, signal M is a simple line aternating waveform, and whenpin MEOR is
connected to V., signal M is an EOR (exclusive OR) of line alternating wavefermiand frame alternating
waveform.

w L NN

FLM / \

Figure6 Generation of Signals CL1 and FLM

(When MWSO0 to MWSS5 = 6)

TN\ s\ e\ e

M
(MEOR = GND)

M
(MEOR=Vco) _/ \ /
FLM /N

Figure7 Generation of Signal M

HITACHI
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3. Auto Display-Off Control: This functions prevents incorrect display after reset release. The display is
turned off four frames following after reset release. In addition, the display off control signal shown in
Figure 8 is output by pin DOC. This pin is connected to pin DISPOFF of the HD66520.

RESET
FLM | 2 | | | | ° L
BoC |
Figure8 Automatic Display-Off Control Function
‘\
4

HITACHI
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Application Example

Outline of HD66503 System Configuration

The HD66503 system configuration is outlined in Figures 9 and 10. Refer to the connection list (Table 7)
for connection details.

e When asingle HD66503 is used to configure asmall display (Figure 9)
¢ When two HD66503s are used to configure alarge display (Figure 10)

———————————— HD66520

F No. 1
LCD When using the internalfescillator %, Refer to
No. 1 COM1 connection list A

‘ When using an external,clock Refer to
()

connection list D

COM240

Note: One HD66503 drives common signals and supplies timing signal to,the HD66520.

Figure9 When Using a Single HD66503

—————— = HD66520

N
COoM1
No. 1 No. 2
No. 1 ! to Upper
display When using the Refer to Refer to
COM240 internal oscillator  connection list B connection list C
COM241 When using an Refer to Refer to
\ external clock connection list E  connection list C
to Lower
No@ L ™ display
COM480
L » HD66520

Note: Upper and lower displays are driven by separate HD66503s to ensure display quality. No. 1 operates in master
mode, and No. 2 operates in slave mode.

Figure10 When Using Two HD66503s

HITACHI
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IHOVLIH

MWSO0, MWS1,
Connection MWS2, MWS3,
Example M/S  DUTY MWS4, MWS5 MEOR RESET DISPOFF CR Cc CL FLM M Doc SHL X1 to X240
A H H Sets the number  H From From Ry ToCLlof ToFLMof  ToM of To DISPOFF L COM1 to COM240
of lines for CPUor  controller HD66520 HD66520 HD66520 of HD66520
alternating the external
current C; C; H COM240 to COM1
B H H Sets the number From Ry ToCLlof ToFLMof ToM of To DOC of L COM1 to COM240
of lines for controller HD66520 HD66520 HD66520 HD66503
alternating the HD66503 HD66503 HD66503 —
current C; TO DISPOFF H COM240 to COM1
of HD66520
C L H Sets the number — FromCL1 FromFLM FromMof From DOC L COM241 to COM480
of lines for of HD66503 of HD66503 HD66503  of HD66503
alternating the
current H  COM480 to COM241
circuit
D H H Sets the number H From — ToCLlof ToFLMof ToM of To DISPOFF L COM1 to COM240
of lines for CPU or HD66520 HD66520 HD66520 of HD66520
alternating the external
current reset H  COM240 to COM1
circuit
E H H Sets the number H From From From ToFLM of  To M of To DOC of L COM1 to COM240
of lines for CPUor  controller  extern, HD66520 HD66520 HD66503
alternating the external oscillator HD66503 HD66503 P
current reset To DISPOFF H COM240 to COM1
circuit of HD66520

Notes: H = V¢ (Fixed)
L = GND (Fixed)
“—" means “open”

R;: Oscillation resistor

C;. Oscillation capacitor

g

L3|qel

1517 UOI109UU0D £0G99AH

1517 UO1I99UU0D E0S99CH

€0999aH




HD66503

Example of System Configuration (1)

Figure 11 shows a system configuration for a 240 x 160-dot LCD panel using segment driver HD66520
with internal bit-map RAM. All required functions can be prepared for liquid crystal display with just two
chips except for liquid crystal display power supply circuit functions. Refer to Timing Chart (1) for details.

T F 240
T
R seq2
1 a0
- LCD
-~ 89S 3
) —
© Z segl59
> % a seg160 Line scan direction
~ [ ¥=]
> T — B
ee — — 1 EE
S8 88
X1, X2, X3,.....4.. X240
13 FLM, CL1, M LCD driver
7 «—/— MWSO to 5
1 Doc Soc HD66503 6
/ /
|LCD display.timing'control circuit| 1 MEOR
——» |DISPOFF l«—/—RESET
cR Rk puTY SHL Mis| 1
>_\/\/\/\J Lgl—vfc
777
{ | V1, V2, V5, V6
V1,V2,V3,V4
1 DISPOFF
16 A0to A15
T
8 DBO to DB7 o
T -
3 CS, WE, OE

Power supply circuit

Figure1l System Configuration (1)
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Example of System Configuration (2)

Figure 12 shows a system configuration for a 240 x 320-dot LCD panel using segment driver HD66520
with internal bit-map RAM. Refer to Timing Chart (1) for details.

240

:

LSO
LS1
SHL

segl
seg2

Y

LCD

Y

Y

HD66520
(ID No. 0)

Yy

segl159
segl60

segl6l ™
segl62

Y

/

HD66520
(ID No. 2)

seg319
seg320  Line scan direction

—. >
,//’/"<4<<“‘\\\\\\\_4<4’/,,/

Y

Y

N
/ |
N
)

~
£
S
o

com2
com239
com240

X1 X2, X300 ...

’3 FLM. CLL, M LCD driver e MWSOtOS
; (0]
1 5o A HD66503 6
/ DOC
|LCD display timing control circuit| 1 MEOR
o L BisPoFF =1~ RESET
CR R C putY sHL MS| 1
W LJJC
777
I V1, V2, V5, V6
V1, V2, V3, V4
1 DISPOFF
16 A0 to Al15
T
8 DBO to DB7 -
: -

3 TS, WE, OF
T

Power supply circuit

Figure12 System Configuration (2)
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(T) 1reyo Buiwil €T 34n6I4

10 lines

10lines  [——— "
10 lines

AUIUUUL. JUUUIHL. JUTUUHL. JUUUULL..

120 121 122 130 131 132 140 141 142 240 1

] 1

6]V5 CTve Vlvs

T e Lvs i

o V6 | V5 o

s V6 | V5 L

M
CR
240 1
cL1
FLM
X1
(com1) ve V1|vs
X2
(Com2) ve| vs |V1
X120
(COM120) V6|V5
X121
(COM121) V6]V5
X122
(COM122) V6|V5
X240 o s

(COM240) V2

(T) 1reyD Buiwi L

€0999dH




HD66503

Example of System Configuration (3)

Figure 14 shows a system configuration for a 320 x 480-dot LCD panel using segment driver HD66520
with internal bit-map RAM. Refer to Timing Chart (2) for details.

A0 to A15 16,
' DBOt0 DB7 8,
~ CS.WE.OE 3,
YyYvvy YYy Y vyyY ¥ Vee
DI9IZ IZ |1
Dllalm |z |2 s Lsl
olI5llo |5 |1=
mo|% |8 o Ls1 HD66520 HD66520 "
LAl B R (ID No.0) (ID N§.2)
[ z SHL SHU
= 777
o~ 777
I © v v
320
Q 8 | n o w v : w 0 w v
SRy <\ B —  agi@s o &3
=] s s W W
= 28123 53
-4 - = é coml '
> T - ->< com2 '
g |9 Pay '
g 91| - :
o :
© 3g (=] : LCD
SIS é : '
Q. N 1
g2 o - : :
— ] 1
< :
@ 1
LT s :
O — ¢=1 '
ool Q ,
com239 QL 1
com240 o H o
c T [¢e]
+ com241 @ ' <
V com242 ? ,
5 1
EEE N e 2 :
Ol 48 > ] :
o 4 % = :
LR S 5
z [} = - H
2 SNG|| & :
% o @), O O N '
m 32 |2 : ,
z a | = : !
o6 | = : :
g &@ (2] -
12 ul >< com479 !
0 =< g N com480 o0 | o oo
T e noe ' ©o - N
e iR S/ |ay 3% 59 28
5 2 g5l §§ —  §§1 8§ — — §§
B = D a -
u 3w
Vee
7 Vee LS1 Lso
L0 HD66520 HD66520 Ls1
(ID No.1) (ID No.3)
SHL Hl_j7
Power supply circuit I Y Y
V1, V2, V5, V6 V1, V2, V3, V4

Figure14 System Configuration (3)
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(@) 1reyo Buiwiy T 8INBI4

T 'ON €0599aH

Z 'ON €0599dH

M 10lines  4——-roo L. 10 lines  Lb—----- -

CR

cL1
FLM |_|

~JUUHUUL. JUUHUUL. JUULUUL. JULTUL..

20 21 22 240 241 242 250 251 252 260 261 262 480

[ 1

X1 —& VI |vs
(com) ve T lve

x2 i
(com2) V6| v5 V6 | v5 [vi
X240

V6| v2 V5 V6| vz V5
(com240) V2 R L

X241 —6 VI |us
(COM241) ve Vs

X242 Tt
(COM242) V6] V5

X480
(COM480) V6| y2 V5 ... V6| y2 V5 ... V6| y2 V5

T w6 Vivws

Ve |vs [vi

(2) 1reyD Buiwi L
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Power Supply Circuit

it VCCl' VCCZ
VIL, VIR
R1
N
! >.— V6L, V6R
+
/
R1
N
! > V3L, V3R
+
/
R2 § ‘
N
! > va
+
/
R1 §
V5L, VSR

R1

& Ny

‘ V2L, V2R

VEEL! VEER

Contrast

-25V

GND
ov

Vs

Note: The values of R1 and R2 vary with the LCD panel used. When the bias factor is 1/15,
for example, the values of R1 and R2 can be determined as follows:
R1 1

4R1+R2 15
If R1 = 3 kQ, then R2 = 33 kQ

Figure16 Power Supply Circuit
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Absolute Maximum Ratings

Iltem Symbol Ratings Unit Notes

Power voltage Logic circuit Ve —-0.3to0 +7.0 \% 2
LCD drive circuit Vg Vee—30.0t0 V. + 0.3 \% 5

Input voltage (1) VTl -0.3to V. +0.3 \% 2,3

Input voltage (2) VT2 Vege—0.3t0 V. +0.3 \% 4,5

Operating temperature Toor —-30to +75 °C

Storage temperature T -55to +110 °C

Notes: 1. Ifthe LSl is used beyond its absolute maximum rating, it may be permanehftly damaged. It
should always be used within the limits of its electrical characteristics in order to prevent
malfunction or unreliability.

2. Measured relative to GND (0V).

3. Applies to all input pins except for V1L, V1R, V2L, V2R, V5L VSR, V6kzand V6R, and to
input/output pins in high-impedance state.

4. Applies to pins V1L, V1R, V2L, V2R, V5L, V5R, V6L, and V6R.

5. Apply the same voltage to pairs V1L and V1R, V2L and V2R V5L and V5R, V6L and V6R, and
Veg and Vegg.
It is important to preserve the relationships Vg, = Veeai2 ¥1L = VIR > V6L = V6R > V5L = V5R 2
V2L = V2R 2 Vg = Ve
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Electrical Characteristics

DC Characteristics (Vcc=2.7t05.5V, V Ve =810 28V, GND = 0V, Ta=-30t0 +75°C)

Measurement
Item Symbol Min Typ Max Unit Condition Notes
Input high level  VIH 08V, — Ve \Y 1
voltage
Input low level  VIL 0 — 0.2 V. \Y, 1
voltage
Output high VOH Vee—04 — — \Y, on =—0.4 mA 2
level voltage
Output low VOL — — 0.4 \Y; o = +0.4mA 2
level voltage
Driver “on” Ron — — 2.0 kQ Ve Vee 028V, 13, 14
resistance load current:£150 puA
Input leakage I -1.0 — 1.0 UA VIN =0to V. 1
current (1)
Input leakage Iz -25 — 25 HA VIN =V to V. 3
current (2)
Operating fop 10 — 200 kHz Master mode 4
frequency (1) (external clock operation)
Operating fomrz 5 — 500 kHz Slave mode 5
frequency (2)
Oscillation fosct 70 100 130 kHz C, = 100 pF £5%, 6, 12
frequency (1) R; =51 kQ £2%
Oscillation fosca 21 30 39 kHz C, = 100 pF £5%, 6, 12
frequency (2) R; =180 kQ £2%
Power | onot — — 80 LA Master mode 7,8
consumption (1) 1/240 duty cycle,

C, =100 pF,

R, = 180 kQ

V—GND =3V,

Vee—Vee = 28V
Power Tsnpd — — 20 [TAN Master mode 7,9
consumption (2) 1/240 duty cycle external

clock

fos = 30 kKHz

V.c—GND = 3V,

Vee—Vee = 28V
Power | onps — — 10 A Slave mode 7,10
consumption (3) 1/240 duty cycle

during operation

fo =15 kHz

V.—GND = 3V,

VeeVee = 28V

HITACHI
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Measurement
Iltem Symbol Min Typ Max Unit Condition Notes
Power lee — — 20 HA Master mode 7,11
consumption 1/240 duty cycle,
C, =100 pF,
R, = 180 kQ
V—GND = 3V
Vee—Vee = 28V,
Notes: 1. Applies to input pins MEOR, MWS0 to MWS5, DUTY, SHL, DISPOFF, M/S, RESET, and CR,
and when inputting to input/output pins CL1, FLM, DOC, and M.
2. Applies when outputting from input/output pins CL1, FLM, DOC, and M.
3. Applies to VIL/R, V2L/R, V5L/R, and V6L/R. X1 to X240 are open.
4. Figure 17 shows the external clock specifications:
Duty'= l x 100%
TH+ TL
E)étfkmal OPEN OPEN Min | Typ | Max | Unit
CR R C Duty ) 45 50 55 %
trep — — 50 ns
tiep — — 50 ns

Figure17 ExternahClock

5. Regulates to operation frequency limitsyof the bidirectional shift register in the slavemode.
6. Connect resistance Rf and capacitance Cf as follows:

Figure18 Timing Components

Input and output currents are excluded. When a CMOS input is floating, excess current flows
from the power supply through to the input circuit. To avoid this, VIH and VIL must be held to V.
and GND'levels, respectively.

This value is specified for the current flowing through GND under the following conditions:
Internal oscillation circuit is used. Each terminal of MEOR, MWSO0 to MWS5, DUTY, SHL,
DISPOFF, M/S, and RESET is connected to V.. Oscillator is set as described in note 6.

This value is specified for the current flowing through GND under the following conditions: Each
terminal of MEOR, MWSO0 to MWS5, DUTY, SHL, DISPOFF, M/S, and RESET is connected to
V.. Oscillator is set as described in note 4.
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10. This value is specified for the current flowing through GND under the following conditions: Each
terminal of MEOR, MWS0 to MWS5, DUTY, SHL, DOC, DISPOFF, RESET, and CR is
connected to V.., M/S to GND, and frequency of CL1, FLM, M is respectively established as
follows.

f., = 15 kHz, f.,,, = 62.5 Hz, f,, = 120 Hz

11. This value is specified for the current flowing through V. under the following condition described
in note 8. Do not connect any lines to pin X.

12. Figure 19 shows a typical relation among ocsillation frequency R, and C,. Oscillation frequency
may vary with mounting conditions.

300

200

—a— C; =100 (pF)

fosc = (kHz)

100

Figure19 Ocsillation Erequeney Characteristics

13. Indicates the resistance between onegpin,from X1 to X240 and another pin from the V pins
V1L/R, V2L/R, V5L/R, and V6L/R /when‘a load'current is applied to the X pin; defined under the
following conditions:

Vee—Vee = 28 (V)
V1L/R, V6L/R = V=1/10 (Vee—Vee)
V5L/R, V2L/IR 2V + 120V —Vie)

RON
VL, VIR 'e)

V6L, VR 0

+———CO Pin X (X1 to X240)
V5L, V5R '®)

V2L, V2R

O

A4/

Connect any of these MOS switch

Figure20 On Resistance Conditions
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14.V1L/R and V6L/R should be near the V. level, and V5L/R and V2L/R should be near the V.
level. All these voltage pairs should be separated by less than AV, which is the range within
which R, the LCD drive circuits’ output impedance is stable. Note that AV depend on power
supply voltages V .—Vg.. See Figure 21.

AV

AV

Figure21 Relationship between Driver Out

*
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AC Characteristics (Ve =2.7t05.5V, Vc—Vee = 81028V, GND = 0V, Ta=-30t0 +75°C)

Slave Mode (M/S = GND)

Item Symbol Min Typ Max Unit Notes
CL1 high-level width tewn 500 — — ns 1
CL1 low-level width tewt 500 — — ns 1
FLM setup time tes 100 — — ns 1
FLM hold time tey 100 — — ns 1
CL1 rise time t, — — 50 ns 1
CL1 fall time t — — 50 1

Note: 1. Based on the load circuit shown in Figure 22.

Test point O

CL1

FLM

¢

SON jig capacitance)

)

ad Circuit

tes e

0.8 Ve
0.2 Vee

Figure23 Slave Mode Timing
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Master Mode (M/S = V)

Typ Max

Unit Notes

CL1 delay time

us

FLM delay time

us

M delay time

— 500

ns

FLM setup time

ns

CR

CL1

FLM

0.8 Ve

gure24 Master Mode Timing
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