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Description

The HD66134ST is a 240-channel segment driver that drives a dot-matrix STN liquid crystal display
(LCD) panel at low voltage. The HD66134ST operates with a low 5-V LCD drive voltage and a low 3-V
logic drive voltage, and it can be used together with the common driver HD66135T. The HD66134ST also
incorporates a shadowing correction circuit and is suitable for high-quality image processing. The
HD66134ST, packaged in a fine-pitch slim tape-carrier package (slim-TCP), makes it possible to reduce
the space around the LCD panel.

Features

e Duty cycle: Up to 1/300
e LCDdrive voltage: 3.5t05.5V
e 240 LCD drive circuits
¢ Operating voltage: 2.7t05.5V
» Eight data bits
« Shift clock speed
— 25 MHz max/3 V
— 40 MHz max/5 V
¢ Shadowing correction circuit
* Display-off function
e Slim-TCP
— Output lead pitch: 70 um
— User area: 5.5 mm
¢ 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-carrier-package dimensions.

Figure 1 Pin Arrangement
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Block Diagram
Y1to Y240
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¥I1VILL LCD drive circuit VMR
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Note: VOL, VML, and V1L are internally connected to VOR, VMR, and V1R, respectively.

Figure 2 Block Diagram
Block Functions

LCD Drive Circuit

The 240-bit LCD drive circuit generates three voltage levels VH, VL, and VM, which drive the LCD panel.
One of these three 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.

Correction Circuit
This circuit 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 reset to the VM level.
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(2.2) The circuit compares the present output data to the next output data. If there are no data changes due
to the waveform distortion correction signals (CC3 and CC4), the output level is reset to the VM level.

The reset period can be adjusted by using CC1 to CC4. The correction needed depends on each output pin.

Latch Circuit (2)

A 240-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 240-bit latch circuit (1) latches 8-bit parallel data input via the DO to D7 pins, and outputs the latched
data to latch circuit 2, both according to the timing generated by the shift register.

Shift Register

The 30-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

Input/
Classification Symbol Pin No. Pin Name Output Function
Power supply Vee 264 Vee —  VCC-GND: Logic power supply

GND 244 GND

VOL, VOR 266,242 VOL,VOR Input LCD drive-level voltage.

VML, VMR 267,241 VML, VMR See figure 3.

ViL,VIR 265,243 ViL, VIR

Control signal CL1 251 Clock 1 Input Display data latch signal. The LCD drive
signal corresponding to the display data is
output at the falling edge of this signal.

cL2 252 Clock 2 Input Display data latch signal. Display data is
latched at the falling edge of this signal.

M 250 M Input Changes the LCD drive outputs to AC.

DOtoD7 260to DataOto Input When the display data is 1 (V4 level), the

253 Data7 LCD drive output level is the selection level
and the liquid-crystal display is on, and when
itis 0 (GND level), they are non-selection
level and off, respectively.

SHL 263 Shiftleft  Input A control signal to switch the data output
destination. See the section on Switching the
Data Output Destination.

EIO1 262 Enable /0 1 Input/  If SHL is at the GND level, EIO1 inputs the

output  chip enable signal and EIO2 outputs the chip
enable signal; and if it is at the V. level, the
opposite occurs.
Enable input: The chip enable-input pin of the
first HD66134ST must be fixed to the GND
level, and the other chip-enable input pins

EIO2 249 Enable I/0 2 Input/  must be connected to the chip enable-output

output  pins of the previous HD66134ST.
Enable output: The chip enable-output pin
must be connected to the chip enable-input
pin of the next HD66134ST.

DISP 261 Disp off  Input A low DISP level sets LCD drive outputs Y1 to
Y240 to the VM level.

CC1 248 CoreCt1  Input Rising crosstalk correction signal. The V1
output pin is reset to the VM level when CC1
is high.

cc2 247 CoreCt2 Input Falling crosstalk correction signal. The VO
output pin is reset to the VM level when CC2
is high.
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Table 1 Pin Functions (cont)

Input/
Classification Symbol Pin No. Pin Name Output

Function

Control signal CC3 246 CoreCt3 Input
(cont)

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

CC4 245 CoreCt4  Input

Waveform distortion selected (white) data
correction signal. The present output pin
(selected) and the next output pin (selected)
are reset to the VM level when CC4 is high.

LCD drive output Y1toY240 1t0240 Y1toY240 Output

Either level VO or V1 is output according to
the combination of the M signal and display
data when the DISP pinis setat V.. See
figure 4.

Figure 3 LCD Drive Level Voltage

M— 1 L0 I

D_I1I0I1I0l—

Output level |<—>|4——>|<—>|<——>|
VO V1 Vi VO

Figure 4 Selection of LCD Drive Output Level
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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.

SHL=GND
Y233 Y235 Y237 Y239
Y1 yo Y3 yu Y5 yg Y7 yg Y234 Y236 Y238 Y240
D7| Ds| D5| D4| D3| D2| D1] DO| -----cceeeeeeeeee. D7| D6| D5| D4| D3| D2| D1| DO
AN / AN /
1st data Last data
Enable input: EIO1
Enable output: ETO2
SHL=Vec
Y233 Y235 Y237 Y239
Y1 yo Y3 v4 Y5 yg Y7 vyg Y234 Y236 Y238 Y240
po| o1| b2| p3| p4| ps| De| D7| ------aeemeeev. po| p1| D2| D3| D4| D5| D6| D7
\ / AN /

Last data 1st data
Enable input: EIO2
Enable output: EIO1

Figure § Data Output Destination
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Operation Timing

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 = V., 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 HD661348ST 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 CL.2 pulse. When it has latched 232
bits of data, it sets the EIO2 signal to low. When it has latched 240 bits of data, it automatically stops and
enters the standby state, initiating the next HD66134ST, provided its EIO2 pin is connected to the EIOI pin
of the next HD66134ST.

The HD66134STs output one line of data from the Y1 to Y240 pins at the falling edge of each CL1 pulse.
Data d1 is output from Y1, and d240 from Y240 when SHL = GND, and d1 is output from Y240, and d240
from Y1 when SHL = V..

SHL = GND

tine
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(NO.10) HD66134ST (no. 10)
fatches data

Y110 Y240

Figure 6 Data Latch Timing
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Correction Circuit

The HD66134STs include shadowing correction circuits. There are two types of shadowing: one caused by
crosstalk, and the other by waveform distortion. In both types, image quality can be improved by
correction circuits CC1, CC2, CC3, and CCA4.

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

(la) (b) {Normally black panel)
v
M ____I ;!
i"l White  White White White SEG
Corresponding| waveformat ()~ ==_“=-f ot | COM
sections i ;
SEG
/ Wavefor.m at (b)' : f 5 $ o " GOM
{ Shadowing section white Black Black Black Blackj_jWhite

Figure 7 CC1 and CC2

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

The HD66134STs compare the crosstalk correction signals CC1 and CC2 and the present output, and
determine whether the effective value is increased by the crosstalk. If increased, the output level is reset to
the VM, which corrects the effective voltages in (a) and (b) and suppresses the shadowing. Figure 8 shows
an example of the crosstalk-correction-signal external circuit. The basic potentials of a comparator (VM +
AV and VM — AV’) are corrected according to the shadowing level for output correction while CC1 and
CC2 are high. CCI1 corrects the rising crosstalk, and CC2 corrects the falling crosstalk.
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Before correction After correction
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Figure 8 Effective Voltage Correction (1)

VM + AV

Comparator

CC1

VM power

circuit

? Power-supply

P
supply
VM — AV' L“{>—> cc2

Figure 9 External Circuit Example
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(2) CC3 and CC4 (shadowing caused by waveform distortion)

- a (Normally black panel)
M reversed
Waveform
at (a)
Waveform BIackE l White SEG
at (b) White Black | | COM

Figure 10 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 only slightly. Shadowing
occurs in the corresponding sections due to the different voltages.

The HD66134STs compare the present output data and the next output data. If the data is not changed, the
output level is reset to the VM, 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).
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Figure 11 Effective Voltage Correction (2)
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M Mn—1x O Mn X Mn+1
cL1 rl Ii

IR i e ipipipipigipligigipinigipipl

DOto D7 X(m-1) m -

lastdata : *: INVALID
cct P
cc2 E [ |
cc3 : ]
CC4 H
Latch circuit (1) (m)@(M n-1) Gurrent output dataX - (n)@® (M n) Next output data
Latch circuit (2) (M)@Mn-1) Currentgoutput data (nN)® (M n) Next output data

T, O LI

Compared result for

correction circuit ((m)@(MEn-1))@((n)@(Mn)) Calculated result

——

Y output
(a) V1 reset vi—wwy (M@ M n-1) Current output data—— r (N)@ (M n) Next output data

(b) VO reset vo—wm (m)(3)(M n-1) Current output data (n)® (M n) Next output data

[

(c) VOreset wo—-vwy _(M)@(M n-1) Current output data | [\ (n)(® (M n) Next output data
L T
{d) V1 reset vi--vwy _ (M)@(M n-1) Current output data| | b;( ()@ (M n) Next output data
! I L
VM reset
(correction)

Figure 12 Compared Result for Correction Circuit

The correction circuit compares the present output data (latch circuit (2)) and the next output data (latch
circuit (1)). Depending on the compared result, the circuit resets the high width of CC3 to the VM for the
output without a data change if the data is the non-selected output ((c) in figure 12). The circuit resets the
high width of CC4 to the VM if the data is the selected output ((d) in figure 12). CC3 and CC4 are input
after the last valid data is transferred. CC1 forcibly resets the V1 output to VM for the high width ((a) in
figure 12). CC2 forcibly resets the VO output to VM for the high width ((b) in figure 12). 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 should be matched with the shadowing level.
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Application Example
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Absolute Maximum Ratings™

Item Symbol Ratings Unit Notes
Power supply Logic circuit Vee -0.3t0 +7.0 Vv 2and 5
voltage LCD drive circuit VO -0.3t0+7.0 \ 2and 5
Input voltage (1) VT1 —-0.3to V.. +03 v 2and3
Input voltage (2) VT2 —-0.3toV0+0.3 \Y 2,4,and 5
Operating temperature Topr -30to +75 °C

Storage temperature Tstg -55to +110 °C

Notes: 1.

o e

If the LS! 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.
The reference point is GND (0 V).

Applies to the SHL, EIOT, EIO2, DISP, DO to D7, CL1, CL2, M, and CC1 to CC4 pins.
Applies to the VML, VMR, VIL, and VIR pins.
As shown in figure 14, users should 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.

Vee 27 v,/ \ 27V
Vo 0oms 0ms
VM
VM
Vi
Vi
Ll »
0ms 4 0Oms 0ms Oms
BisP
Input-signal X
clock data Z\ \
Signal-undefined Initialization period

period

(at least one frame)

(0 ms: minimum specification)

Figure 14 Turn-on and Turn-off Timing

HITACHI
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16

5.1 Turning on the power

1)
2)
3)
4)

5)

Turn on the power in the order of GND-V ., 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 V. is applied, the DISPOFF function has
priority.

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

The preparation for the normal display is completed. Apply the V level to the DISP pin to
cancel the DISPOFF function. At this time, the level of pins V0, VM, and V1 must rise to the
specific potential.

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

1)
2)
3)

Ground the DISP pin.

Turn off the LCD power in the order of VM/V1 and GND-V0.

Ground V; and an input signal.

At this time, the level of pins V0, VM, and V1 must fall to 0 V. Since the DISPOFF function stops
when V. 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.
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Electrical Characteristics

DC Characteristics 1 (Ve =2.7to 4.5V, VO-GND =35 to 5.5 V, and Ta = =30 to +75 °C)

Iitem Symbol Applicable Pin Min. Typ. Max. Unit Conditions Notes
Input high-level VIH CL1,CL2, SHL,M, 0.7x — Vg Vv
voltage EIO1, EI02, DISP, V¢
Input low-level ViIL DOtoD7,andCC1 O — 03x \Y)
voltage to CC4 Vee
Output high- VOH EIO1 and EIO2 Veo - - V  I0H=-0.4mA
level voltage -04
Output low- VOL EIO1 and EIO2 — — 04 V 10L=04mA
level voltage
Vi-Yj ON RON Y1 to Y240, VOL, — 05 1.0 kQ ION =150 pA 1
resistance and VOR
Y1 to Y240, VML, —_ 1.0 20 kQ
and VMR
Y1 to Y240, ViL, — 05 1.0 kQ
and VIR
Input leakage  lIL1 CL1,CL2, SHL,M, 50 — 50 pA  VIN = V,—GND
current (1) EIO1, EIO2, DISP,
DO to D7, and CC1
to CC4
Input leakage  lIL2 VML, VMR, VIL, -100 — 100 pA  VIN = VO-GND
current (2) and VIR
Current ICC Vee — 1.0 6.0 mA V. =30V 2
consumption (1) fCL2 = 25 MHz
Current VO VOL and VOR — 04 10 mA fCL1 = 100 kHz
consumption (2) fM = 4 kHz
Current IST Vee — 04 10 mA 2 and
consumption (3) 3
HITACHI
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DC Characteristics 2 (Vo =4.5t0 5.5V, VO-GND =3.5t0 5.5 V,and Ta=-30to +75 °C)

Item Symbol Applicable Pin Min. Typ. Max. Unit Conditions Notes
Input high-level VIH CL1,CL2, SHL, M, 07x — Vg \
voltage EIO1, EIO2 DISP, Vo
Input low-level VIL DOtoD7,andCC1 O — 03x Vv
voltage to CC4 Veo
Output high- VOH EIO1 and EIO2 Vee - — V  IOH=-0.4mA
level voltage -04
Output low- VoL EIO1 and EIO2 — — 04 V 1oL=04mA
level voltage
Vi-Yj ON RON Y1 to Y240, VOL, — 05 1.0 k2 ION =150 pA 1
resistance and VOR
Y1 to Y240, VML, — 1.0 2.0 kQ
and VMR
Y1 to Y240, V1L, — 05 1.0 k2
and VIR
Input leakage 1L CL1,ClL2,SHLLM, -50 — 50 pA VIN=V,-GND
current (1) EIO1, EIO2, DISP,
DO to D7, and CC1
to CC4
Input leakage  lIL2 VML, VMR, VIL, -100 — 100 pA  VIN = VO-GND
current (2) and ViR
Current ICC Vee — 3.0 15 mA V=50V 2
consumption (1) fCL2 = 40 MHz
Current VO VOL and VOR — 04 20 mA fCL1 =160 kHz
consumption (2) fM = 6 kHz
Current IST Ve — 1.0 20 mA 2 and
consumption (3) 3

Notes: 1

Indicates the resistance between one of the pins Y1-Y240 and one of the voltage supply pins,

when load current is applied to the Y pin; defined under the following conditions:
VO-GND =55V
VM = (VO + V1)/2

V1=GND +1

V1 should be near the GND level, and the VM should be near the middle voltage between V1
and V0. V1 should be within the range of AV = 0.25 V0, which is the range within which RON,
the LCD drive circuit’s output impedance, is stable. See figure 15.

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 V¢

and GND, respectively.

3. Standby current.
4. The voltage of each signal is shown in figure 16.

18
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‘ VO

AV=025xVOL | | ”

GND

Figure 15 Relationship between Driver-Output Waveforms and Each Level Voltage

Segment Common
voltage Segment waveform Common waveform voltage
e e o e e woee s | \H (38.0 V)
VO (5.0 V) T
Vee (33V) A6 B it B e R SR A
VM (30V) | o . VM (3.0 V)
V1 (1.0V)
GND (0.0 V) o= == s oo e s e e o o e 2| GND (0.0 V)
------------ e v L (32.0 V)
N | displ iod Display-off Normal displ iod Display-off
ormal display peri period ormal display period | Joring

Figure 16 Signal Voltages
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AC Characteristics 1 (Ve = 2.7 to 4.5 V, VO-GND = 3.5 to 5.5 V, and Ta = -30 to +75 °C)"!

Item Symbol Applicable Pins Min. Max. Unit
Clock cycle time tove cL2 40 —_ ns
Clock high-level width (1)  toww cL2 15 — ns
Clock low-level width (1)  towe cL2 15 — ns
Clock high-level width (2)  tewu cLu1 30 — ns
Clock setup time teoL CL1 and CL2 20 — ns
Clock hold time tucL CL1 and CL2 50 — ns
Clock rise time tr CL1 and CL2 — 30 ns
Clock fall time tf CL1 and CL2 — 30 ns
Data setup time tos DO to D7, and CL2 10 — ns
Data hold time ton DO to D7, and CL2 10 — ns
M setup time tus M and CL1 20 — ns
M hold time tan M and CL1 20 — ns
Output delay time (1) ton CL1, and Y1 to Y240 — 500 ns
CC setup time tocs CC3 to CC4, and CL1 20 — ns
CC hold time teon CC31to CC4, and CL2 20 — ns

Note: 1. Theload must be less than 10 pF between the EIO2 and EIO1 connections of the HD66134STs.

HITACHI
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AC Characteristics 2 (V¢ = 4.5 to 5.5 V, VO-GND = 3.5 to 5.5 V, and Ta = -30 to +75 °C)"!

Iltem Symbol Applicable Pins Min. Max. Unit
Clock cycle time teve cL2 25 — ns
Clock high-level width (1}  towe cL2 10 — ns
Clock low-level width (1)t cL2 10 — ns
Clock high-level width (2)  toy, CL1 25 — ns
Clock setup time tsoL CL1 and CL2 20 — ns
Clock hold time tocL CL1 and CL2 50 — ns
Clock rise time tr CL1 and CL2 —_— 20 ns
Clock fall time tf CL1 and CL2 — 20 ns
Data setup time tos DO to D7, and CL2 6 — ns
Data hold time tou DO to D7, and CL2 6 — ns
M setup time tus M and CL1 20 — ns
M hold time tun M and CL1 20 — ns
Output delay time (1) to CL1, and Y1 to Y240 — 500 ns
CC setup time tocs CC3 to CC4, and CL1 20 — ns
CC hold time teen CC3to CC4, and CL2 20 — ns

Notes: 1. The load must be less than 10 pF between the EIO2 and EIO1 connections of the HD66134STs.
2. For output delay time 1, connect the load circuit as shown in figure 17.

Test point
100 pF
;”r p

Figure 17 Load Circuit for Output Delay Time 1
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Figure 18 AC Characteristics (1)
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HD66134ST

cL / ¥\0.7 Voo
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cca 03Vee  03Vee

Correct the waveform by CC3 and CC4 after CL2 fetches the last data.
Complete correction before data from the next line is output at the falling edge of CL1.

Figure 19 AC Characteristics (2)
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