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Display with Low-Voltage Drive
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Description

The HD66136T is a 400-channel segment driver that drives a dot-matrix STN liquid crystal display
(LCD) panel at low voltage. The number of LCD drive outputs can be switched between 400 and 38
4, which enables application to many models of LCD panels. The HD66136T operates with a low 5-
V LCD drive voltage and a low 3-V logic drive voltage, and it can be used together with common
drivers HD66131T, HD66135T, and HD66137T. The HD66136T also incorporates a shadowing
correction circuit and is suitable for high-quality image processing. The HD66136T is packaged in a
flex tape-carrier package (TCP).

Features

* Duty cycle: Up to 1/512
* LCD drive voltage: 2.7t0 5.5V
* 400 LCD drive circuits
* LCD drive output switch: 400 and 384
» Operating voltage: 2.7t0 5.5V
* Eight or twelve data bits
* Shift clock speed
— 33 MHz max/3 V
— 40 MHz max/5 V
* Low power consumption
» Shadowing correction circuit
* Display-off function
* Straight/flex TCP
» Automatic generation of the chip enable signal
 Standby function
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Pin Arrangement
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Note: This figure does not reflect the actual tape-carrirer-package dimensions.

Figure 1 Pin Arrangement

HITACHI



HD66136T

Block Diagram

Y1 to Y400
/\ %
VOL VOR
VOSL ¥8§R
V1L LCD dri ircui
VISt CD drive circuit VISR
VML VMR
DISP > . -
CC1to CCa > Latch circuit (3) ( correction circuit )
VCC—p
GND—p
CL1 g Latch circuit (2)
B A A
M ——»
¢ ] > Latchcircuit (1) |- - - - - - - Latch circuit (1)
A 4
E == I
3 Data shifter and = * | | |
DO to D11 1 arithmetic circuit
MODE T < Shift resister
SHL . P
CL2 T I 1 ? 4—TEST
EIO1 EIO2
Note * : VOL, VOSL, V1L, V1SL, and VML are internally connected to VOR, VOSR, V1R, V1SR, and VMR,
respectively.

Figure 2 Block Diagram

Block Functions
LCD Drive Circuit
The 400-bit LCD drive circuit generates five voltage levels VO, V0S, V1, V1S, and VM, which

drive the LCD panel. One of these five levels is output to the corresponding Y pin, depending on
the data in latch circuit (2), the correction signals (CC1 to CC4), and the DISP signal.
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Latch Circuit (3) (Correction Circuit)

A 400-bit latch circuit (3) latches data input from latch circuit (2) at the rising edge of each clock 1 (CL1)
pulse and corrects the shadowing volume.

(2.1) The circuit compares the crosstalk correction signals (CC1 and CC2) from the external circuits and
present output, and determines whether the effective value is increased due to crosstalk. If the effective
value is increased, the output level is set to the VOS or V1S level.

(2.2) The circuit compares the present output data to data input from latch circuit (2). If there are no dat:
changes due to the waveform distortion correction signals (CC3 and CC4), the output level is set to the V
or V1S level.

The set period of VOS or V1S can be adjusted by using CC1 to CC4. The correction needed depends on
each output pin.

Latch Circuit (2)

A 400-bit latch circuit (2) latches data input from latch circuit (1), and outputs the latched data to the
correction circuit and the LCD drive circuit, at the falling edge of each clock 1 (CL1) pulse.

Latch Circuit (1)

The 400-bit latch circuit (1) latches 8 or 12-bit parallel data input via the DO to D11 pins, and outputs the
latched data to latch circuit 2, both according to the timing generated by the BS signal or shift register.

Shift Register

The 50-bit shift register generates and outputs data latch signals for latch circuit (1) at the falling edge of
each clock 2 (CL2) pulse.

Data Shifter and Arithmetic Circuit

The data shifter shifts the destinations of data output when necessary. The arithmetic circuit performs
operations for the data and AC signal M.
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Pin Function

Table 1

Pin Functions

Connect- Input/

Classification Symbol Pin No. edto Output Function
Power supply  VCC 433 Power S VCC-GND: Logic power supply

GND 406

VOL,VOR 438,401  power Input LCD drive - level voltage-

VOSL,VOSR 437, 402 See figure 3.

V1L, V1R 436, 403

V1SL, VISR 435,404

VML, VMR 434, 405

Control signal  CL1 413 Controller Input Display data latch signal. The LCD driver
signal corresponding to the display data is
output at the failing edge of this signal.

CL2 415 Controller Input Display data latch signal. Display data is

latched at the failing edge of this signal.
M 412 Controller Input Changes the LCD drive outputs to AC.
or common Latched into the driver at the rising edge of
CL1.
DO to D11 427 to Controller Input When the display data is 1 (VCC level), the LCD
416 drive output level is selection level and the liquid-
crystal display is on, and when it is 0 (GND level),
they are non-selection level and off, respectively.

SHL 430 VCC or Input A control signal to switch the data output

GND destination. See the section on Switching the
Data Output Destination.

EIO1 429 GND or Input/ | SHL is at the GND level, EIOT inputs the chip
next Output  enable signal and EIO2 outputs the chip enable
segment signal; and if it is at the VCC level, the opposite

occurs.

Enable input: The chip enable-input pin of the
first HD66136 must be fixed to the GND level,
and the other chip-enable input pins

Elo2 211 GND or next Input/ must be connected to the chip enable-output pins
segment Output of the previous HD66136T. _

Enable output: The chip enable-output pin must
be connected to the chip enable-input pin of the
next HD66136T.

DISP 428 Controller Input A low DISP level sets LCD drive outputs Y1 to Y4

00 to the VM level.
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Pin Function

Table 1 Pin Functions (cont)

Classification Symbol Pin No.

Connect-
ed to

Input/
Output

Function

Control signal MODE
(cont)

432

VCC or
GND

Input

Switch pin for LCD output.

When MODE is connecter to VCC, the driver is in
the 400-output mode.

When MODE is connected to the GND, the driver
is in the 384-output mode.(Y9 to Y392 are valid.
Y1 to Y8, and Y393 to Y400 output the VM level.)

BS

431

VCC or
GND

Input

Switches the input bits of the display data.
Connected to GND when the driver is in the 400-
output mode .

When BS is connected to VCC,the display data is
in the 12-bit input mode.

When BS is connected to GND,the display data is
in the 8-bit input mode.(data is latched from DO to
D7, In this mode, D8 to D11 must be connected to
GND.)

CC1

410

Common

Input

Rising crosstalk correction signal. The V1 output
pin is sent to the V1S level when CC1 is high.

CC2

409

Common

Input

Falling crosstalk correction signal. The VO output
pin is sent to the VOS level when CC2 is high.

CC3

408

Common

Input

Waveform distortion non-selected (black) data
correction signal. The present output pin (non-
selected) and the previous output pin (non-
selected) are set to the VOS level when CC3 is
high.

Ccc4

407

Common

Input

Waveform distortion non-selected (white) data
correction signal. The present output pin
(selected) and the previous output pin (selected)
are set to the VOS level when CCdis high.

TEST

414

VCC

Input

Test pin. Connected to the VCC level.

LCD drive Y1 to Y400
output

1to 400

LCD panel

Output

Either level VO or V1 is output according to the
combination of the M signal and display data
when the DISP pin is set at VCC. See figure 4.
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VM
L V1S
V1

Figure 3 LCD Drive Voltage

7 % 7
M 1
p I 1 L0107

Output level I(—)I(—)I(—)I(—)I

VO vi Vi VO

Figure 4 Selection of LCD Drive Output Level

Switching the Data Output Destination

The output destination of data latched by the SHL signal is switched left or right. At this time, the input
and output of the enable signal pins can also be switched. See figure 5.
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SHL = GND, BS = GND, MODE = GND

YO Y1l Y13 V15 Enable input: EIO1 Y385 Y387 Y389 Y391
Y10 Y12 Y14 Y16 Enable output: EIO2 Y386 Y388 Y390 Y392
D7|D6|D5[D4[D3[D2|D1|DO| =-----mrmrmrmmmmmm D7|D6|D5|D4|D3|D2|D1|DO
\ / N\ /
1st DATA Last DATA

SHL = VCC, BS = GND, MODE = GND

Enable input: EIO2

Yo Yil Y13 Y15 . Y385 Y387 Y389 Y391

Y10 Y12 Y14 vYie Enable output: EIO1 Y386 Y388 Y390 Y392

DO|D1|D2|D3|D4|D5|D6|D7| --emme oo Do|D1|D2|D3|D4|D5|D6|D7

AN / AN /
Last DATA 1st DATA

SHL = GND, BS = VCC, MODE = GND

Enable input: EIO1
Enable output: EIO2

Y9 Y11 Y13 Y15 Y17 Y19 Y381 Y383 Y385 Y387 Y389 Y391
Y10 Y12 Y14 Y16 Y18 Y20 Y382 Y384 Y386 Y388 Y390 Y392
D11D10|D9|D8|D7|D6|D5|D4|D3|D2|D1|DO| ------------- D11p10|D9|D8|D7|D6|D5|D4|D3|D2| D1| DO
AN / AN /
1st DATA Last DATA

SHL = VCC, BS = VCC, MODE = GND

Enable input: EIO2
Enable output: EIO1

Y9 Y11 Y13 Y15 Y17 Y19 Y381 Y383 Y385 Y387 Y389 Y391
Y10 Y12 Y14 Y16 Y18 Y20 Y382 Y384 Y386 Y388 Y390 Y392
DO(D1|{D2|D3(D4|D5|D6|D7(D8|D9 P10D1Y ------------- DO|D1|(D2|D3|D4|D5|D6(D7|D8|D9pP10D11
AN / N\ /
Last DATA 1st DATA

SHL = GND, BS = GND, MODE =VCC

Enable input: EIO1

Y1 Y3 Y5 Y7 Y393 Y395 Y397 Y399

Y2 Y4 Y6 Y8 Enable output: EIO2 Y394 Y396 Y398 Y400
D7|D6|D5|D4|D3|D2|D1|DO| =-=--xnmssmmmrmmmram e D7|D6|D5|D4|D3|D2|D1|DO
N\ / N\ /

1st DATA Last DATA

SHL = VCC, BS = GND, MODE =VCC

Enable input: EIO2

Y1 Y3 Y5 Y7 Y393 Y395 Y397 Y399

Y2 Y4 Y6 Y8 Enable output: EIO1 Y394 Y396 Y398 Y400
DO|D1|D2|D3|D4|D5|D6|D7| ~-ememm e Do|D1|D2|D3|D4|D5| D6 | D7
\ / N\ /

Last DATA 1st DATA

Figure 5 Data Output Destination
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Operation Timing

(1) XGA (1024 x 3 dots on a line) operation timing for 384 LCD output (MODE = GND) in 8-bit latch
mode (BS = GND)

Figure 6 shows the 8-bit data-latch timing when SHL = GND,; that is, when the EIO1 pin is a chip-enable
input and the EIO2 pin is a chip-enable output. When SHL = VCC, the EIO1 pin is a chip-enable output
and the EIO2 pin is a chip-enable input.

When a low chip-enable signal is input via the EIO1 pin, the HD66136T is first released from the data-
standby state, then, at the falling edge of the following CL2 pulse, it is released entirely from the standby
state and starts latching data.

It simultaneously latches eight bits of data at the falling edge of each CL2 pulse. When it has latched 376
bits of data, it sets the EIO2 signal to low. When it has latched 384 bits of data, it automatically stops and
enters the standby state, initiating the next HD66136T, provided its EIO2 pin is connected to the EIO1 pin
of the next HD66136T.

The HD66136Ts output one line of data at the falling edge of each CL1 pulse. Data d9 is output from Y9,
and d392 from Y392 when SHL = GND, and d9 is output from Y392, and d392 from Y9 when SHL = VCC.
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A Line »
cL2 InEni i e e
1 2 3 47{ 48] 49 50 383 384 385 |
Do DD €D o e Gl G — XXX
D7 Xdo Xd17Xd25 —meor :Xd3:77Xd3:85X ) (R —— XXX
cL1 | []
EIO2 i : i
(No.1) — = > |
HD66136T (No. 1) latches data.
EIO2 = .
(No. 2) _| - |
HD66136T (No. 2) latches data.
EIO2 I
(No. 3) — -

HD66136T (No. 3) latch

es data.

-

HD66136T (No. 8) latches data.

Y9 to Y392 X

Figure 6 Data Latch Timing
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(2) XGA (1024 x 3 dots on a line) operation timing for 384 LCD output (MODE = GND) in 12-bit
latch mode (BS = VCC)

The HD66136T simultaneously latches eight bits of data at the falling edge of each CL2 pulse.
The basic operation is the same as that in the 8-bit latch mode.

'4 Line -
cL2 Ininin N n i Enl | ]
1 2 3 31§ 32§ 33 34 255: 256! 257
DO Yazo oz X caa DY) G (T — XXX
D11 X do X d21Xd33 --onee A G G —— XXX
cL1 | o []
ElO2 i : i
(No.1) I > |
HD66136T (No. 1) latches data.
ElO2 ! .
(No. 2) _| - |
HD66136T (No. 2) latches data.
ElO2 s —
(No.3) —
. = HD66136T (No. 3) latches data.
ElO2 | ] 7

(No.8) —— .
: HD66136T (No. 8) latches data. |

Y9 to Y392 X X

Figure 7 Data Latch Timing
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3) SVGA (800 x 3 dots on a line) operation timing for 400 LCD output (MODE = VCC) in 8-bit

latch mode (BS = GND)

The basic operation is the same as that in the 8-bit latch mode.

Data d1 is output from Y1, and d400 from Y400 when SHL = GND, and d1 is output from Y400, and d40
0 from Y1 when SHL = VCC.

| Line »
T A N Nyl g E— Epigipiniph
1 2 3 49 50 51 52 299 :1300; 301
DIO Xds XdieXd2a - :Xd3:92Xd4:OOX ) e — :X XX
D.7 N1 X do Xd17 - :Xd3%35Xd3593X ) (R —— XXX

CL1

ElIO2

HD66136T (No. 1) latches data.
(No. 2) <—|—>

HD66136T (No. 2) latches data.
EIO2 s | »
(No.3) —

HD66136T (No. 3) latches data.

iy — a
] T

EIO2 _
(No. 6) —— >
: HD66136T (No. 6) latches data. |

Y1 to Y400 X X

Figure 8 Data Latch Timing
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Correction Circuit

The HD66136T includes shadowing correction circuits. There are two types of shadowing: one caused |
crosstalk, and the other by waveform distortion. In both types, image quality can be improved by
correction circuits CC1, CC2, CC3, and CC4.

(1) CC1 and CC2 (shadowing caused by crosstalk)

(a) (b) (Normally black panel)

White White White White SEG
Corresponding | Waveform at (a) coM
sections
SEG
/ Waveform at (b) ﬂ_‘:HP_:i.H* COM
Shadowing section \white Black Black Black Black L White

Figure 9 CC1 and CC2

When a ruled line is displayed, noise occurs in the common VM level in the LCD panel due to the segmer
change of a solid background in M reverse. This is because many segments display the solid backgroun:
and are simultaneously changed, affecting the common VM level (creating crosstalk). The effective volta
for section (a) in the solid background becomes low. On the other hand, the effective voltage for section |
becomes high. Shadowing occurs in the corresponding sections due to the different voltages.

The HD66136T compares the crosstalk correction signals CC1 and CC2 and the present output, and
determines whether the effective value is increased by the crosstalk. If increased, the output level is set t
VOS or V1S, which corrects the effective voltages in (a) and (b) and suppresses the shadowing.

After the M reverse, output is corrected while CC1 and CC2 are high. Figure 10 shows an example of the
crosstalk-correction-signal external circuit. The reference potentials of a comparatorAVMne VM —

AV’) must be corrected to generate clocks used to correct noise. Then the clocks must be amplified to
generate CC1 and CC2 according to the shadowing level. Only CC1 and CC2 after the M reverse can be
correction signals. The CC1 corrects falling crosstalk, and the CC2 corrects rising crosstalk.
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Before correction After correction

Effective voltage

/ decreased
e /

Waveform in section (b)

=
T
h
-9 c t jr
Lo WM ‘ VM
> = C
® 8 SEG Noise SEG JV
; |  waveform ‘
waveform
SEG ‘ SEG
waveform waveform VoS
) S VM VM + AV
M X VM - AV'

Effective voltage
increased ccl

\ / \ Vis
\ / \ Effective voltage
i~ _correction

Ccc2

Figure 10 Effective Voltage Correction (1)

5 Comparator

VM + AV cci
> VM power
supply
Power -
supply circuits VM + AV’ cc2

Figure 11 External Circuit Example
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(2) CC3 and CC4 ( shadowing caused by waveform distortion )

(@ (b) (nornally black panel)
L ]
2 M reversed
’ "/ N ™ Black
\\ __/} Waveform /
T e = co
Corresponding White
sections
. / Waveform Bﬂﬂ ggf/l
4 M at () White
""\\'—.,__,__—//
Figure 12 CC3 and CC4

When the background is displayed in grayscale (for example, in a checker pattern), many segment

levels are changed in section (a) but not in section (b). The effective voltage for section (a) becomes
low because distortion occurs in the segment output waveform due to driver or panel impedance. On
the other hand, the effective voltage for section (b) becomes high because the waveform is changed onl

slightly. Shadowing occurs in the corresponding sections due to the different voltages.

The HD66136Ts compare the present output data and the next output data. If the data is not changed, t
output level is set to the VOS or V1S, which corrects the effective voltages in (a) and (b). The high width
is corrected according to the shadowing level for output correction while CC3 and CC4 are high. CC3

corrects the non-selected output pin (black background), and CC4 corrects the selected output pin (white

background).

HITACHI
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Before correction

After correction

<
= Effective voltage decreased
i}
5t
@ — v
£
S VM
5 VM
©
g |[SsEG | SEG |
= waveform waveform
Effective voltage
SEG correction
waveform
\ SEG |  /
_ VM waveform ( ( ( ( /
2
s \ S
3 : : : :
3 No data
£ Change cc3 -
£
5 V1S
©
>
g SEG ] K K
waveform
Cc4 J_l |_| |_| |_|

Figure 13 Effective Voltage Correction (2)
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Mn+1

LU LT

potoD1l X Xm X @4 XraXe-2aXo-uX o X

Invalid X X X X X X

-1
(m-1) Last data

CC1

CC2

CC3

Ccc4

_IJJJ

Latch circuit (1) (m) ®&(M n-1) Current output data X

(N)® (M n) Next output data

Latch circuit (2) (m)® (M n-1) Current output data

(n) ®(M n) Next output data

Latch circuit (3) (1)®(M n-2) Previous output data

(m)®(M n-1) Current output data

Compared result for
correction circuit

(M® M n-1)) ©((n) E(Mn))

Y output

Calculated result

(@) V1 set (V1> V1S) (m) ©(M n-1) Current output data

(n) ®(M n) Next output data

(b) VO set (VO ->V0S) (m) & (M n-1) Current output data

(n) ®(M n) Next output data

(c) VO set (VO >V0S) (m) ®(M n-1) Current output data

|\ (n) ®(M n) Next output data
|

(d) V1 set (V1>V1S) (m) & (M n-1) Current output data

[ 1 1 (n)®(M n) Next output data

A
1
\
|
\

1

(AR

VOS or V1S set
(correction)

Figure 14 Compared Result for Correction Circuit

The correction circuit compares the present output data (latch circuit (2)) and the previous output
data (latch circuit (3)). Depending on the compared result, the circuit sets the high width of CC3
to the VOS for the output without a data change if the data is the non-selected output ((c) in figure
14). The circuit sets the high width of CC4 to the V1S if the data is the selected output ((d) in
figure 14). After the last valid data is transferred, input CC3 and CC4 before the next CL1 rises.
CC1 forcibly sets the V1 output to V1S for the high width ((a) in figure 14). CC2 forcibly sets the
VO output to VOS for the high width ((b) in figure 14). Therefore, shadowing caused by waveform
distortion is corrected with CC3 or CC4 (non-selected or selected), and shadowing caused by
crosstalk is corrected with CC1 or CC2 (in the VO or V1 direction).

Note: The high period from CC1 to CC4 must be matched with the shadowing level.
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Table 1 Operation Truth Table

M Data Correction Signal
M (n-1) M (n) Da(n-) | Da(n) cc1 cc2 ¥ Output Voltage
VO
V1
V1
VO
Oorl 1 VOS
V1S

0

1 Oor1l

R |O |k |0 |- |0 (|- |O

Oorl 1 VO0S
M Data Correction Signal
M (n-1) M (n) Da (n-1) Da (n) cc3 cca Y Output Voltage
VO
V1
V1
VO
VO
V1
VO
V1S
V0S
V1
VO
V1
V1
VO
V1S
VO
V1
V0S
V1
VO
VO
V1S
VO
V1
VO
V1
V0S
V1
V1S
VO
V1
VO
V1
VO
V1
V0S

Notes: 1. This is the truth table in the case of DISP = 1. When DISP = 0, all outputs are the VM level.
2. 1: VCC level; 0: GND level.

Oorl 1

1 Oor1l

Oorl 1

Oor1l

Oorl 1

1 Oor1

Oorl 1

1 Oor1

1

RPOFRIOCOIFPFIOIFIOIFPIOIRPIOIFRPIOIFPFIOIFRPIOIFPIOIRPICOIFPIOIFP IO |IO|FI|IOC|F IO |IF IO (|~ |O
=
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lvce
[vopP
VO
Vo
RM1 &
1 16 e 1 16 to
g P>t Dz s 2 158> {GED
" % 3 14 _“:% R4 3 14 _JT' [ &e)
1 | 4 LS123 14 Arilgpy| g 4 LS123 15
S CD| Fca|s (€ 5 (CD 15/ Zr3
H 6 11 - 6 11 H
I 7 10 7 10 H
7 8 9 2 C4 s 9 cc2
+AV ~\ __~ Noise ringing

" RV —

C1 _| /m

|-| ignals generated by ringing

Cc2

C1A
C2A

CiB

C2B

cic

ca2c

Cc1

cc2

Figure 15 CC1/CC2 Correction Signal Generation Circuits

Clocks are generated by correcting the RM1 and RM2 values for the reference potentials of a comparato
Reverse signals may be generated due to the VM noise ringing. Since the reverse signals prevent the
effective voltages from being corrected, IC1 eliminates the signals (IC1 is unnecessary when no signals
are caused by ringing). A signal that includes a signal caused by ringing is corrected by correcting the
C1, C2, R1, and R2 values.
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If the effective voltages cannot be completely corrected by signals C1 and C2 which are generated by
comparators, the 1IC2 amplifies the voltages. The amplification with the multivibrator makes the pulse
widths constant and noise that fluctuates depending on display patterns cannot be corrected. Therefore, |
outputs are ORed with signals C1 and C2. The pulse widths of CC1 and CC2 are optimized by correcting
the C3, C4, R3, and R4 values while monitoring the display screen.

vCe
1 16 4
2 154
¢+—3 14 —m C5
4 13 C3
CL1 RG?’ 5 LS123 15 j RS
cs& 6 114
7 10
8 9 ﬂ

CL1 I_I
CcC1 l
[

cc2

1T & ©

Figure 16 CC3/CC4 Correction Signal Generation Circuit

The pulse widths of CC3 and CC4 are amplified with the multivibrator (LS123) at the falling edge of
CL1. The pulse widths of CC3 and CC4 are optimized by correcting the C5, C6, R5, and R6 values
while monitoring the display screen.
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Application Example

! T
|
5555<9%800§0 5555<9%800§0 ééss<ggg()0§0
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Figure 17 Application Example
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Notes: 1. To stabilize the power supply, place two 0.1-uF capacitors near each HD66136T: one betweel
the Vcc and GND pins or the VO and GND pins, and the other between the VLCD and GND
pins or the VEE and GND pins.

2. Insert capacitors of a few to several tens of uF between the power supplies and between the
LCD power supply and GND in the power-supply circuit. To evaluate the set, confirm that
there is no reverse between the LCD power supply and the level power supply from the LCD
power-on to power-off.
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Absolute Maximum Ratings*1

ltem Symbol Ratings Unit Notes
Power supply Logic circuit VCC -0.3t0 +7.0 \Y, 2and 5
voltage

LCD drive circuit VO —0.3t0+7.0 v 2and 5
Input voltage (1) VT1 -0.3to VCC +0.3 \% 2and 3
Input voltage (2) VT2 —-0.3t0 VCC + 0.3 \Y 2,4,and 5
Operating temperature Topr —30to +75 °C 6
Storage temperature Tstg —5510 +110 °C /

Notes: 1.

If the LSI is used beyond the above maximum ratings, it may be permanently
damaged. It should always be used within its specified operating range for normal

operation to prevent malfunctions or degraded reliability.

2. The reference pointis GND (0 V).

3. Applies to the SHL, EIO1, EIO2, DISP, MODE, BS, DO to D11, CL1, CL2, M, CC1 to
CC4, and TEST pins.

4. Applies to the VOSL, VOSR, VML, VMR, VIL, VIR, V1SL, and V1SR pins.

5. As shown in figure 18, users must conform to the following turn-on/off sequence for the
power and signals. Otherwise, the LSI will malfunction or will be permanently
damaged. In addition, the LSI reliability will be affected.

VCC 2.7V 7/ \§ 2.7V

VO Oms Oms

VoS

V0S V1S

VM V1

Vvis - > |

Vi 0 > < >

ms Oms Oms Oms

DISP
Input- signal  _ N
clock data \

Signal-undefined

period

Initialization period

(at least one frame)

(0 ms : minimum specification )

Figure 18 Turn - on and Turn - off Timing
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6.
7.

Turning on the power

Turn on the power in the order of GND-VCC, GND-VO0, and VM/V1. Then, ground the DISP pin.
The LCD forcibly outputs the VM level by the DISPOFF function.

Even if an input signal is disturbed immediately after VCC is applied, the DISPOFF function has
priority.

Input the specific signal to initialize the registers in the driver. The initialization period must be at lea
one frame.

The preparation for the normal display is completed. Apply the VCC level to the DISP pin to cancel
the DISPOFF function. At this time, the level of pins VO, VOS, VM, V1S, and V1 must rise to the
specific potential.

Turning off the power

The procedure is basically the reverse of that used to turn on the power.

Ground the DISP pin.

Turn off the LCD power in the order of VOS/VM/V1S/V1 and GND-VO.

Ground VCC and an input signal.

At this time, the level of pins VO, VOS, VM, V1S, and V1 must fall to 0 V. Since the DISPOFF
function stops when VCC falls to 0 V, the LCD may output a level other than VM. Therefore, a
display failure may occur when the power is turned off or on.

The electrical characteristics of shipped chips are guaranteed to a maximum temperature of 75°C.
The storage temperature of shipped chips is described in the common specifications for chip shipme
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Electrical Characteristics
DC Caricaturists 1 (Vcc =2.7t04.5V, VO-GND =2.7t0 5.5V, and Ta=-30to + 75 Q

ltem Symbol Applicable Pin min. typ. max. Unit Conditions Note
Input high-level VIH CL1,CL2,SHL, 0.7 — wvcc \% 6
Voltage MODE,EIO1, X
EIO2,DISP,BS VCC
Input low-level VIL M,DO0 to D11, 0 - 0.25 v
Voltage CClto CC4 X
VCC
Output high-level ~ VOH EIO1, EIO2 VCC — — \Y IOH = -0.4 mA 6
Voltage -0.4
Output low-level VOL EIO1, EIO2 — — 0.4 V IOL = 0.4 mA 6
Voltage
Vi-YjON RON Y1 to Y400, VOL, — 0.4 1.0 KQ ION =150 pA 2,5,
resistance and VOR and 6
Y1 to Y400, VSL, — 0.5 2.0 KQ
and VOSR
Y1 to Y400, VML, — 1.0 5.0 KQ
and VMR
Y1to Y400, V1SL, — 0.5 2.0 KQ
and V1SR
Y1 to Y400, V1L, —_ 0.4 1.0 KQ
and V1R
Input low-leakage L1 CL1,CL2,SHL, -5.0 — 50 HA VIN=VCCtoGND 6
current (1) MODE,EIO1,
EIO2,DISP,BS
M,DO0 to D11,
CC1lto CC4
Input low-leakage L2 VOL,VOR,VOSL, - 100 — 100 MA VIN =VO0 to GND 6
current (2) VOSR, VML,
VMR,V1L, V1R,
V1SL, and V1SR
Current ICC VCC — 24 7.0 mA VCC =30V 3
consumption (1) VO=55V
Current VO VOL and VOR — 0.4 1.0 mA fCL2 = 33 MHz
consumption (2) fCL1 = 55KHz
Current IST VCC — 03 15 mA  fM =4.23 KHz 3and
consumption (3) 4
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Electrical Characteristics
DC Caricaturists 2 (Vcc = 4.5t0 5.5V, VO-GND = 2.7 to 5.5V, and Ta =- 30 to + 75 °C}

ltem Symbol Applicable Pin min. typ. max. Unit Conditions Note
Input high-level VIH CL1,CL2,SHL, 0.7 — wvcc \% 6
Voltage MODE,EIO1, X
EIO2,DISP,BS VCC
Input low-level VIL M,DO to D11, 0 - 0.25 \Y;
Voltage CClto CC4 X
VCC
Output high-level ~ VOH EIO1, EIO2 vce — @ — \% IOH = -0.4 mA 6
Voltage -04
Output low-level VOL EIO1, EIO2 — — 0.4 V IOL = 0.4 mA 6
Voltage
Vi-YjON RON Y1 to Y400, VOL, — 0.4 1.0 KQ ION =150 pA 2,5,
resistance and VOR and 6
Y1 to Y400, VSL, — 0.5 2.0 KQ
and VOSR
Y1 to Y400, VML, — 1.0 5.0 KQ
and VMR
Y1 to Y400, V1SL, — 0.5 2.0 KQ
and V1SR
Y1 to Y400, V1L, —_ 0.4 1.0 KQ
and V1R
Input low-leakage L1 CL1,CL2,SHL, -5.0 — 50 HA VIN=VCCtoGND 6
current (1) MODE,EIO1,
EIO2,DISP,BS
M,DO0 to D11,
CClto CC4
Input low-leakage L2 VOL,VOR,VOSL, - 100 — 100 HA VIN = V0 to GND 6
current (2) VOSR, VML,
VMR,V1L, V1R,
V1SL, and V1SR
Current ICC VCC — 8.0 150 mA VCC =50V 3
consumption (1) VO=55V
Current IVO VOL and VOR — 0.4 1.0 mA fCL2 = 40 MHz
consumption (2) fCL1 = 66.7KHz
Current IST VCC — 03 5.0 mA  fM =5.13 KHz 3and
consumption (3) 4
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Notes: 1 The electrical characteristics of shipped chips are guaranteed to a maximum temperature of 75°

2 Indicates the resistance between one of the pins Y1-Y400 and one of the voltage supply pins,
when load current is applied to the Y pin; defined under the following conditions:

VO-GND =45V

VOS-GND =4.0V

VM = (VO + V1)/2

V1-GND =0.5V

V1S-GND =10V

The VOS voltage must be between VO and 0.75 x VO, and the V1 and V1S voltages must be
between GND and 0.25 x VO. These are the ranges within which RON, the LCD drive circuit’s
output impedance, is stable. VM must be within the range ofWWR< V0. See figure 19.

3. Input and output currents are excluded. When a CMOS input is left floating, excess current
flows from the power supply through the input circuit. To avoid this, VIH and VIL must be
used at VCC and GND, respectively.

4. Standby current.

5. The voltage of each signal is shown in figure 20.

6. Pin configurations are shown in figure 21.

y v

* AV=0.75V0 VoS

VM

V1S
V1
GND

— 1 AV=0.25V0

*
+ AV=0.25V0

f

Figure 19 Relationship between Driver-Output Waveforms and Each Level Voltage
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Segment Common
Voltage Segment waveform Common waveform voltage
VH (45.0V)
VO (4.5V)
VCC(3.3V) vee @)
VM (2.5V) VM (2.5V)
V1 (0.5V)
GND (0.0V) GND (0.0V)
VL (-40.0V)
Normal display period Eésrrggy of Normal display period E;%gy °

Figure 20 Signal Voltages
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Applied pins : SHL, DISP, MODE, BS, DO to D11, Applied pins : VOSL, VOSR, VML, VMR,
CL1, CL2, M, CC1 to CC4, and TEST V1L,V1R, V1SL, and V1SR
Vce
VO
Input signal I > Input power voltage

Applied pins : .
EIO1 and EIO2 JD—DO— Input signal

40<]7v— Control signal

Output signal

Applied pins : Y1 to Y400 VM
VO T
VOS

0 .
‘Lz—ni Output control signal 1

<

Output control signal 1

4]

I Output control signal 1

I Output control signal 1

Output control signal 1

gl

V1S

Figure 21 Pin Configurations
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AC Characteristics 1 (VCC = 2.7 to 4.5V, VO - GND = 2.7 to 5.5V, and Ta = - 30 to +75C)

Iltem Symbol Applicable pins min. max. Unit Note
Clock cycle time tCYC CL2 30 — ns
Clock high-level width (1) tCWH2 CL2 12 — ns
Clock low-level width (1) tCWL2 CL2 12 — ns
Clock high-level width (2) tCWH1 CL1 30 — ns
Clock setup time tSCL CL1, CL2 20 — ns
Click hold time tHCL CL1, CL2 80 — ns
Clock rise time tr CL1, CL2 — 30 ns
Clock fall time tf CL1, CL2 — 30 ns 3
Data setup time tDS DO to D11, CL2 10 — ns
Data hold time tDH DO to D11, CL2 10 — ns
M setup time tMS M, CL1 20 — ns
M hold time tMH M, CL1 20 — ns
Output delay time tpdl CL1, Y1 to Y400 — 500 ns 4
CC setup time tCCS CC3to CC4, CL1 50 — ns
CC hold time tCCH CC3to CC4, CL1 50 — ns

AC Characteristics 2 (VCC = 4.5t0 5.5V, VO - GND = 2.7 to 5.5V, and Ta = - 30 to +75C)

Iltem Symbol Applicable pins min. max. Unit Note
Clock cycle time tCYC CL2 25 — ns

Clock high-level width (1) tCWH2 CL2 9 — ns

Clock low-level width (1) tCWL2 CL2 9 — ns

Clock high-level width (2) tCWH1 CL1 30 — ns

Clock setup time tSCL CL1, CL2 20 — ns

Click hold time tHCL CL1, CL2 80 — ns

Clock rise time tr CL1, CL2 — 20 ns

Clock fall time tf CL1, CL2 — 20 ns 3
Data setup time tDS DO to D11, CL2 9 — ns

Data hold time tDH DO to D11, CL2 9 — ns

M setup time tMS M, CL1 20 — ns

M hold time tMH M, CL1 20 — ns

Output delay time tpdl CL1, Y1 to Y400 — 500 ns 4
CC setup time tCCS CC3to CC4, CL1 50 — ns

CC hold time tCCH CC3to CC4, CL1 50 — ns
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Notes: 1. The electrical characteristics of shipped chips are guaranteed to a maximum temperature of
75°C.
2. The load must be less than 10 pF between the EIO2 and EIO1 connections of the HD66136Ts
3. For high-speed operation, (tCYC — tCWH2 — tCWL2)/2 is the maximum clock rising or falling
time.
4. For the output delay time, connect the load circuit as shown in figure 22.

Test point O

L
;; 100 pF

Figure 22 Load Circuit for Output Delay Time
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CL2

DO to D11

CL1

CL2

CL1

Y(n)

tCWL2 J tCYC
d

d
Ll bl

tDH

0.75vCC
0.25vCC

< tCWH1

/|

AV

tMS

Ll

tSCL

\ 0.75VCC
S 0-25VCC

tHCL

tMH

0.25vCC

0.75vCC
0.25VCC

0.75VCC
0.25VCC

J_\\ 0.25VCC

tpdl

0.75V0
0.25vV1

Figure 23 AC Characteristics (1)
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cL1 / \
L 0.25vCC 0.25VCC 1/_\

tCCH tCCS

CC3
CC4 0.25vCC 0.25vCC

Output must be connected using CC3 and CC4 between the falling edge of CL1 and the next rising
edge of CL1.

Figure 24 AC Characteristics (2)
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