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(7) ABSTRACT

A liquid crystal display device enabling a reduction in size
and costs associated with the system as a whole, starting to
display images without image distortion at power on time,
and turning the screen off without image retention at power
off time, a method of controlling the liquid crystal display
device, and a mobile terminal incorporating the liquid crys-
tal display device as a screen display. On a glass substrate
(11) provided with a display unit (12), peripheral drive
circuits such as an interface circuit (13), a timing generator
(14), a reference voltage driver (15), a CS driver (18), a
VCOM driver (19), and a voltage regulation circuit (20),
together with a horizontal driver (16) and a vertical driver
(17) are disposed. When a display reset control pulse PCI is
supplied from an external source, a predetermined voltage is
written into pixels while a CS voltage and a VCOM voltage
adjusted to the same level as that of a pixel voltage are
applied to a common-electrode-side. This allows the screen
to turn white in a normally white type liquid crystal display,

(30) Foreign Application Priority Data apd to turn black in a normally black type liquid crystal
display. Image distortion at power on/off time can thus be
May 31, 2002 (JP) coovevcrrecrrccceeceriencen P2002-159032 prevented.
1(1 N
1 ve
| [ HORIZONTAL SHIFT 161
REGISTER
DATA:SAMPLING
[ AND LATCHING 162
163
15 - 164
¢ o 3ig/CS OUTPUT .
( SWITCHING
REFERENCE | | | | | FT=o—======2 12
VOLTAGE S :
DRIVER 551 550 F L7
i
1 S4 54-1 :
(eFFECTE || veRTicaL
16— PIXEL REGION) ! DRIVER
) !
|
IF = .
creur —-H v CS aul
’ ] VCOM
20
% T e B
cs VCOM | | VOLTAGE
DRIVER [ | DRIVER | | REGULATION

—

-~ 21

* CONTROL MCK, Hsync
PULSE  Vsync, Data




Patent Application Publication Aug. 23,2007 Sheet 1 of 7

US 2007/0195038 A1

1(1 1
4 ¥
5| HORIZONTAL SHIFT ] ..,
REGISTER
11 |
‘ DATA-SAMPLING
™1 AND LATCHING 162
|| I
H DAC 1~163
15 I1 [
( »  sigics outpuT . 164
. T SWITCHING 19
REFERENCE| | | | | T T ===
VOLTAGE /I\I = e
RER 55-1 B0 1, AT
i
DISPLAY UNIT |
(EFFECTIVE i | VERTICAL
16 PIXEL REGION) : DRIVER
|
A :
|
IF 54-m| |
CIRCUIT L es -
AAD Neom
13 19 20
18 Yy v/ y |
Jcs vCoM | | VOLTAGE
DRIVER | | DRIVER | | REGULATION
+~ 21

CONTROL MCK, Hsync
Vsyne, Data

PULSE

VCCH

| %\JVR
(]
H



Patent Application Publication

Aug. 23,2007 Sheet 2 of 7 US 2007/0195038 A1

FIG. 2

~— 33

p— XNSZ
53 |
57 56



US 2007/0195038 A1

Patent Application Publication Aug. 23,2007 Sheet 3 of 7

BE XI3ELL:

moq  (u1) suksp

aAl]oe

moq (ul) eyeq/esind

(43M0d) SSA

(¥3IMOd) ZDDA

(381nd 13834 AV1dSIQ) 10d

gl

(13834 21907 13NVd) 1SYH
(43MOd) QaA .

(43mod) LDoA



US 2007/0195038 A1

Patent Application Publication Aug. 23,2007 Sheet 4 of 7

_.¥ (un) ouhsp

(ul) ejeqsesing

A€ - (43mod) ssA

(43MO0d) Z92A
(3SINd 1334 AV1dSia) 12d

(13834 21907 1aNvd) 1Sy
(43amod) aaa

(43mod) 100A

MO A
ho7 aAl3op
ugd
pug
AE €
AS'S
<4—r- <4<
g¢l ¢dl (YA



Patent Application Publication Aug. 23,2007 Sheet 5 of 7 US 2007/0195038 A1
1(1 16
] v ‘
o HORIZONTAL SHIFT 161
REGISTER
11
_ DATA-SAMPLING _
| AND LATCHING 162
L] : |
» DAC - T~163
15 11 1
( > sigics outpuT 1164
. SWITCHING
REFERENCE I-----=--=---J 12y
w1 s
E
- 55-1 55-n//, ~—17
|
" | 41
_ DISPLAY UNIT ;
(EFFECTIVE | | JERTICAL
6 PIXEL REGION) |
1
A !
]
IF — 54-@ |
CIRCUIT lcs
A A 133 VCOM 4 VCC2
I A / v/ __,T Sw
18 ~—o
“ZJcs VCOM || VOLTAGE |
DRIVER | | DRIVER | | REGULATION ~_VR11
— .
/
20 i\/mz
21

CONTROL MCK, Hsync
* Vsync, Data

PULSE




Patent Application Publication Aug. 23,2007 Sheet 6 of 7 US 2007/0195038 A1

FIG. 6

61



Patent Application Publication Aug. 23,2007 Sheet 7 of 7 US 2007/0195038 A1

~-101
DISPLAY
UNIT
: —T~—1102
A
HORIZONTAL
1031 DRIVER )
— A
~ f—~——104
DATA
l —
CONTROL PULSE -——>{ TG CS DRIVER 1108
CONTROL UNIT SIDE “\ VCOM DRIVER (107
CPU ,

GRAPHIC CONTROLLER 106 | 1105




US 2007/0195038 A1

LIQUID CRYSTAL DISPLAY DEVICE, METHOD
OF CONTROLLING THE SAME, AND MOBILE
TERMINAL

TECHNICAL FIELD

[0001] The present invention relates to liquid crystal dis-
play devices, methods of controlling the same, and mobile
terminals. In particular, the present invention relates to a
liquid crystal display device wherein a display unit and a
peripheral drive circuit are integrated on the same transpar-
ent insulating substrate, a method of controlling the liquid
crystal display device at power on/off time, and a mobile
terminal incorporating the liquid crystal display device as a
screen display.

BACKGROUND ART

[0002] To prevent image distortion at power on/off time in
a normally white type liquid crystal display, “white” data is
written into pixels at power on/off time for turning the screen
white. In the case of a normally black type liquid crystal
display, “black” data is written into pixels at power on/off
time for turning the screen black. More specifically, at power
on time, image distortion is first eliminated by turning the
screen white (or black) for subsequently displaying images
corresponding to display data. At power off time, image
retention is first eliminated by turning the screen white (or
black) for subsequently turning the screen off.

[0003] In writing “white” (or “black™) data into pixels, a
conventional liquid crystal display device requires an exter-
nal source from which “white” (or “black”) data is derived.
The conventional liquid crystal display further requires
drivers mounted on an external substrate or an external
driver integrated circuit (IC) for adjusting a VCOM voltage,
which is applied to a common electrode of a liquid crystal
capacitor in a pixel, and a CS voltage, which is applied to an
electrode adjacent to the common electrode of a storage
capacitor, 10 “L” level.

[0004] Referring to FIG. 7, a display unit 102 having
pixels arranged in a matrix is disposed on a glass substrate
101. A horizontal driver 103 is disposed below the display
unit 102 for writing display data into each pixel of the
display unit 102. A vertical driver (not shown) is disposed
beside the display unit 102. The glass substrate 101 is
electrically connected to an external substrate 105 via a
flexible cable (substrate) 104.

[0005] The external substrate 105 has a timing generator
(TG) 106, a VCOM driver 107, and a CS driver 108. The
timing generator 106 generates various timing signals based
on reference signals such as a master clock MCK, a vertical
synchronization signal Vsync, and a horizontal synchroni-
zation signal Hsync that are provided by a graphic controller
adjacent to a control unit. The various timing signals gen-
erated are supplied to the horizontal driver 103 and the
vertical driver via the flexible cable 104. At power on/off
time, the timing generator 106 generates and supplies
“white” (or “black™) data to the horizontal driver 103.

[0006] The VCOM driver 107 generates a VCOM voltage
in synchronization with timing signals from the timing
generator 106, and applies the VCOM voltage to each
common electrode of a liquid crystal capacitor in all pixels
via the flexible cable 104. The CS driver 108 generates a CS
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voltage in synchronization with timing signals from the
timing generator 106, and applies the CS voltage to the
electrode adjacent to the common electrode of a storage
capacitor in all pixels via the flexible cable 104. At power
on/off time, both the VCOM driver 107 and the CS driver
108 adjust the VCOM voltage and the CS voltage. respec-
tively, to a low level.

[0007] 1In a conventional liquid crystal display device, as
described above, the external substrate 105 (or an external
driver IC) is interposed between a control unit and the liquid
crystal display device for preventing an image distortion at
power on/off time. Moreover, a circuit for generating
“white” (or “black”) data and circuits for adjusting the
VCOM voltage and the CS voltage to a low level are
mounted on the external substrate 105 (or an external driver
1C). This prevents a reduction in size and costs associated
with the system as a whole, due to the steps involved in
disposing the external substrate 105, as well as mounting the
timing generator 106, the VCOM driver 107, and the CS
driver 108 thereon.

[0008] Accordingly, an object of the present invention is,
while enabling a reduction in size and costs associated with
the system as a whole, to provide a liquid crystal display
device that can start displaying images without image dis-
tortion at power on time, a liquid crystal display device that
can turn the screen off without image retention at power off
time, a method of controlling the liquid crystal display
device, and a mobile terminal incorporating the liquid crys-
tal display device as a screen display.

DISCLOSURE OF INVENTION

[0009] A liquid crystal display device according to the
present invention comprises a display unit wherein pixels
are arranged in a matrix on a transparent insulating substrate,
switching means for selecting and supplying a display signal
to each pixel of the display unit, while selecting and sup-
plying a predetermined voltage instead of the display signal
at power on/off time, and voltage-generating means
mounted together with the display unit on the transparent
insulating substrate and applying a common voltage to the
common-electrode-side of all the pixels, while applying a
voltage having the same level as that of the predetermined
voltage instead of the common voltage to the common-
electrode-side of all the pixels at power on/off time. The
common voltage refers to a voltage applied to the common
electrodes of liquid crystal cells, and also to a voltage
applied to electrodes adjacent to the common electrodes of
storage capacitors. This liquid crystal display device is
incorporated, as a screen display, into personal digital assis-
tants (PDAs) and mobile terminals such as mobile tele-
phones.

[0010] The liquid crystal display device or a mobile ter-
minal incorporating this liquid crystal display device as a
screen display follow the process of turning the power on at
power on time, initializing circuits on the transparent insu-
lating substrate, and writing a predetermined voltage into
each pixel of the display unit for a certain period of time,
while applying a voltage having the same level as that of the
predetermined voltage to the common-electrode-side of the
pixels. This allows the screen of a normally white type
display to turn white (the screen turns black in a normally
black type display) over a certain period of time after turning
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the power on. Thus, image display can be started without
distortion at power on time. At power off time, a predetet-
mined voltage is written into each pixel of the display unit
for a certain period of time, while a voltage having the same
level as that of the predetermined voltage is applied to the
common-electrode-side of all the pixels. This allows the
screen to turn white (or black) over a certain period of time
before turning the power off. Thus, display can be termi-
nated without image retention at power off time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1is a block diagram of a liquid crystal display
device according to a first embodiment of the present
invention.

[0012] FIG. 2 is a circuit diagram showing an example of
a pixel configuration.

[0013] FIG. 3 is a timing chart for explaining a display
reset operation at power on time.

[0014] FIG. 4 is a timing chart for explaining a display
reset operation at power off time.

[0015] FIG. 5is a block diagram of a liquid crystal display
device according to a second embodiment of the present
invention.

[0016] FIG. 6 is an external view showing a schematic
diagram of a PDA according to the present invention.

[0017] FIG. 7 is a block diagram of a liquid crystal display
device according to a conventional art.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0018] The present invention will now be described in
detail with reference to the accompanying drawings.

First Embodiment

[0019] FIG.11is a block diagram of a liquid crystal display
device according to a first embodiment of the present
invention. In FIG. 1, a display unit (pixel region) 12 having
pixels arranged in a matrix is formed on a transparent
insulating substrate such as a glass substrate 11. The glass
substrate 11 is opposed to another glass substrate with a
predetermined distance therebetween. A liquid crystal mate-
rial is disposed between the two substrates to form a display
panel (LCD panel).

[0020] FIG. 2 shows an example of a pixel configuration
in the display unit 12. Each pixel 50 arranged in a matrix
includes a thin film transistor (TFT) 51 as a pixel transistor,
aliquid crystal cell 52, and a storage capacitor 53. The drain
electrode of the TFT 51 is connected to the pixel electrode
of the liquid crystal cell 52 and to one electrode of the
storage capacitor 53. The liquid crystal cell 52 functions as
a liquid crystal capacitor generated between the pixel elec-
trode and the common electrode that are opposed with each
other.

[0021] In this pixel, the gate electrode of the TFT 51 is
connected to a gate line (scanning line) 54 while the source
electrode of the TFT 51 is connected to a data line (signal
line) 55. The common electrode of the liquid crystal cell 52
in each pixel is connected to the VCOM line 56. A common
voltage VCOM (VCOM voltage) is applied to the common
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electrode of the liquid crystal cell 52 in each pixel via the
VCOM line 56. The electrode adjacent to the common
electrode of the storage capacitor 53 in each pixel is con-
nected to a CS line 57.

[0022] In 1H (H: horizontal period) reverse driving or 1F
(F: field period) reverse driving, the polarity of a display
signal written into each pixel is reversed with respect to the
VCOM voltage. When VCOM reverse driving, which
reverses the polarity of the VCOM voltage during 1H period
or 1F period, is executed together with the 1H reverse
driving or the 1F reverse driving, the polarity of the CS
voltage supplied to the CS line 57 is also reversed in
synchronization with the VCOM voltage. The liquid crystal
display device according to this embodiment does not exclu-
sively use VCOM reverse driving. Since the level of the
VCOM voltage and the CS voltage are substantially the
same, they are collectively referred to as a common voltage
in this specification.

[0023] Referring back to FIG. 1, on the glass substrate 11
provided with the display unit 12, an interface (IF) circuit
13, a timing generator (TG) 14, and a reference voltage
driver 15 are disposed on the left of the display unit 12.
Further, a horizontal driver 16 is disposed above the display
unit 12, a vertical driver 17 is disposed on the right, and a
CS driver 18 as a voltage regulator, a VCOM driver 19, and
a voltage regulation circuit 20 are disposed below the
display unit 12. These circuits and the pixel transistors of the
display unit 12 are composed of low-temperature polysilicon
or continuous grain (CG) silicon.

[0024] In the above-described liquid crystal display
device, a master clock MCK, a horizontal synchronization
pulse Hsync, a vertical synchronization pulse Vsync, display
data Data including parallel inputs ofred (R), green (G), and
blue (B), and a display reset control pulse PCI that have low
voltage amplitudes (e.g. an amplitude of 3.3 V) are trans-
mitted from external sources to the glass substrate 11 via a
flexible cable (substrate) 21, and are level-shifted to high
voltage amplitudes (e.g. an amplitude of 6.5 V) in the
interface circuit 13.

[0025] The master clock MCK, the horizontal synchroni-
zation pulse Hsync, and the vertical synchronization pulse
Vsyne that are level-shifted are supplied to the timing
generator 14. The timing generator 14 then generates various
timing pulses required for driving the reference voltage
driver 15, the horizontal driver 16, and the vertical driver 17
based on the master clock MCK, the horizontal synchroni-
zation pulse Hsync, and the vertical synchronization pulse
Vsyne. The level-shifted display data Data is supplied to the
horizontal driver 16. The display reset control pulse PCI,
which is also level-shified, is supplied to the horizontal
driver 16, the CS driver 18, the VCOM driver 19, and the
voltage regulation circuit 20.

[0026] The horizontal driver 16 has, for example, a hori-
zontal shift register 161, a data-sampling and latching circuit
162, a digital-analog (DA) conversion circuit (DAC) 163,
and a Sig/CS output switching circuit 164. The horizontal
shift register 161 starts shifting in response to a horizontal
start pulse HST supplied by the timing generator 14. Further,
the horizontal shift register 161 generates a sampling pulse
to be sequentially output during one horizontal period in
synchronization with a horizontal clock pulse HCK supplied
by the timing generator 14.
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[0027] The data-sampling and latching circuit 162, during
one horizontal period, sequentially samples and latches the
display data Data output from the interface circuit 13 in
synchronization with the sampling pulse generated in the
horizontal shift register 161. A line of this latched digital
data is transferred to a line memory (not shown) during a
horizontal blanking period and is converted to an analog
display signal in the DA conversion circuit 163. From
reference voltages that correspond to the number of gray
scales and that are supplied by the reference voltage driver
15, for example, the DA conversion circuit 163 selects a
reference voltage corresponding to the digital data and
outputs it as analog display data.

[0028] A line of analog display signal Sig from the DA
conversion circuit 163 is supplied to the Sig/CS output
switching circuit 164. A CS voltage generated at the CS
driver 18 is also supplied to the Sig/CS output switching
circuit 164. The Sig/CS output switching circuit 164 selects
and outputs one of the analog display signal Sig or the CS
voltage, depending on whether the level of the display reset
control pulse PCI derived from the interface circuit 13 is
high or low. The analog display signal Sig or the CS voltage
from the Sig/CS output switching circuit 164 is further
transmitted to data lines 55-1 to 55-» corresponding to the
number of pixels “n” in the horizontal direction of the
display unit 12.

[0029] The vertical driver 17 has a vertical shift register
and a gate buffer. In this vertical driver 17, the vertical shift
register starts shifting in response to a vertical start pulse
VST supplied by the timing generator 14. Further, the
vertical shift register generates a scanning pulse that is
sequentially output, during one vertical period, in synchro-
nization with a vertical clock pulse VCK supplied by the
timing generator 14. The scanning pulse generated is
sequentially output through the gate buffer into gate lines
54-1 to 54-m corresponding to the number of pixels “m” in
the vertical direction of the display unit 12.

[0030] Vertical scanning by the vertical driver 17 permits
the scanning pulses to be sequentially transmitted to the gate
lines 54-1 to 54-m, and allows the pixels of the display unit
12 to be selected line by line. The analog display signals Sigs
from the Sig/CS output switching circuit 164 are transmitted
via the gate lines 55-1 to 55-» and written into each line of
pixels selected. A repetition of this line-by-line writing
operation displays an image for the complete screen.

[0031] The CS driver 18 generates and supplies the CS
voltage to one electrode of the storage capacitor 53 in each
pixel via the CS line 57 illustrated in FIG. 2. The CS driver
18 also supplies the CS voltage to the Sig/CS output
switching circuit 164. When the display reset control pulse
PCI from the interface circuit 13 is at a low level, the CS
driver 18 adjusts the CS voltage to a predetermined level, for
example, to a low level (0 V). When the display signal has
an amplitude ranging from O to 3.3 V, for example, alter-
nating-current driving of the CS voltage between 0 V
(ground level) at low and 3.3 V at high is repeated, if VCOM
reverse driving is applied.

[0032] The VCOM driver 19 generates the above-de-
scribed VCOM voltage. When the level of the display reset
control pulse PCI from the interface circuit 13 is low, the
VCOM driver 19 adjusts the VCOM voltage to a low level
(0 V). The VCOM voltage from the VCOM driver 19 is
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temporarily transferred to the outside of the glass substrate
11 via the flexible cable 21. The VCOM voltage transferred
to the outside of the glass substrate 11 is returned, after
passing through the VCOM adjustment circuit 22, to the
glass substrate 11 via the flexible cable 21. The VCOM
voltage is then applied to the common electrode of the liquid
crystal cell 52 in each pixel via the VCOM line 56.

[0033] The VCOM voltage applied here is an alternating
voltage having substantially the same amplitude as that of
the CS voltage. In practice, as shown in FIG. 2, when a
signal from the data line 55 is written into the pixel electrode
of the liquid crystal cell 52 via the TFT 51, a voltage drop
occurs at the TFT 51 due to parasitic capacitance. It is
required therefore that the VCOM voltage applied be an
alternating voltage that is direct current (DC)-shifted to
compensate for the voltage drop. The DC-shifting of this
VCOM voltage is carried out by the VCOM adjustment
circuit 22.

[0034] The VCOM adjustment circuit 22 includes a
capacitor C having an input terminal for the VCOM voltage,
a variable resistor VR that is connected to both the output
terminal of the capacitor C and an external power supply
VCC1, and a resistor R that is connected to both the output
terminal of the capacitor C and the ground. The VCOM
adjustment circuit 22 adjusts the DC level of the VCOM
voltage applied to the common electrode of the liquid crystal
cell 52. That is, the VCOM adjustment circuit 22 applies a
DC offset to the VCOM voltage. When the display reset
control pulse PCI from the interface circuit 13 is at a low
level, the voltage regulation circuit 20 forces the VCOM
voltage supplied from the VCOM adjustment circuit 22 to
the glass substrate 11 to drop to a low level (0 V).

[0035] When the display reset control pulse PCI supplied
from an external source is at a low level, the CS driver 18
adjusts the CS voltage to a predetermined level, for example,
to a low level (0 V), while the voltage regulation circuit 20
forces the VCOM voltage to drop to a low level (0 V).
Further, the Sig/CS output switching circuit 164 selects and
applies a CS voltage to the data lines 55-1 to 55-n, and thus
enabling a display reset operation in the above-described
liquid crystal display device.

[0036] As a result, in a line of pixels selected through
vertical scanning by the vertical driver 17, a CS voltage (0
V in this example) is applied, as shown in FIG. 2, via the
TFT 51 to the pixel-electrode-side of the liquid crystal cell
52 and the storage capacitor 53, while a VCOM voltage and
a CS voltage (both 0 V) are applied via the VCOM line 56
and the CS line 57, respectively, to the common electrode
side. No voltage is applied to the liquid crystal cell 52, and
therefore, the screen turns white in a normally white type
liquid crystal display and turns black in a normally black
type liquid crystal display.

[0037] As described above, in the liquid crystal display
device according to the first embodiment, peripheral drive
circuits such as the interface circuit 13, the timing generator
14, the reference voltage driver 15, the CS driver 18, the
VCOM driver 19. and the voltage regulation circuit 20, as
well as the horizontal driver 16 and the vertical driver 17, are
mounted together on the panel (glass substrate 11) where the
display unit 12 is disposed. This display panel that incor-
porates all the drive circuits into one unit requires no
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external substrate, integrated circuit, or transistor circuit and
therefore enables a reduction in size and costs associated
with the system as a whole.

[0038] When a display reset control pulse PCI is supplied
from an external source, a predetermined voltage is written
into pixels while a CS voltage and a VCOM voltage adjusted
to the same level as that of a pixel voltage are applied to a
common-electrode-side. This allows the screen to turn white
in a normally white type liquid crystal display, and to turn
black in a normally black type liquid crystal display. Image
distortion at power on/off time can thus be prevented, while
enabling a reduction in size and costs associated with the
system as a whole.

[0039] A method of controlling the liquid crystal display
device during a display reset operation for preventing image
distortion at power on/off time will now be explained.

[0040] FIG. 3 is a timing chart for explaining a display
reset operation at power on time. A power VCC1 (e.g. 3.3 V)
and a power VDD (e.g. 6.5 V) are first turned on at power
on time. When the power VCC1 reaches 90% of the satu-
ration level and a certain time period T11 (e.g. on the order
of 1 msec) elapses, a master clock MCK, a horizontal
synchronization pulse Hsync, a vertical synchronization
pulse Vsync, display data Data, and a display reset control
pulse PCI are input. from external sources via the flexible
cable 21.

[0041] When the subsequent. time period T12 (e.g. on the
order of 1 msec) elapses, a system reset pulse RST in the
display panel is shifted to a high level. This determines
(initializes) the initial state of a logical circuit, such as a
flip-flop, in the display panel. Subsequently, the display reset
control pulse PCI remains at a low level over a time period
T13 (e.g. 1-2 field periods).

[0042] During this time period T13, the CS driver 18
adjusts the CS voltage to a predetermined level, for example,
to a low level, while the voltage regulation circuit 20 forces
the VCOM voltage to drop to a low level. Further, the
Sig/CS output switching circuit 164 selects and applies a CS
voltage to the data lines 55-1 to 55-#, thus enabling a display
reset operation. That is, the screen turns white in a normally
white type display and turns black in a normally black type
display. After the time period T13, the display reset control
pulse PCT is shifted to a high level. This allows the Sig/CS
output switching circuit 164 to select and apply a display
signal, instead of the CS voltage, to the data lines 55-1 to
55-n. An image corresponding to the display signal thus
starts to be displayed.

[0043] The liquid crystal display device, at power on time,
follows the process of turning the power on, initializing
circuits on the display panel, and executing a display reset
operation for a certain period of time. This allows the screen
to turn and remain white (or black) over several field periods
after the power is turned on. Image display can thus be
started without distortion at power on time.

[0044] FIG. 4 is a timing chart for explaining a display
reset operation at power off time. The display reset control
pulse PCI is, at power off time, first shifted to a low level
over a certain time period T21 (e.g. 1-2 field periods). This
allows the CS driver 18 to adjust the CS voltage to a low
level, and the voltage regulation circuit 20 to force the
VCOM voltage to drop to a low level. Further, the Sig/CS
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output switching circuit 164 selects and applies a CS voltage
to the data lines 55-1 to 55-n. A display reset operation is
thus enabled.

[0045] The display reset operation turns the screen white
(or black) for several field periods. After the time period
T21, the system reset pulse RST is shifted to a low level.
When the subsequent time period T22 (e.g. on the order of
1 msec) elapses, inputs including a master clock MCK, a
horizontal synchronization signal Hsync, a vertical synchro-
nization signal Vsync, display data Data, and a display reset
control pulse PCI via the flexible cable 21 are stopped. The
power VCC1 and the power VDD are turned off when the
next time period T23 (e.g. on the order of 1 msec) elapses.

[0046] The liquid crystal display device, at power off time,
follows the process of executing a display reset operation for
a certain period of time, allowing the screen to turn and
remain white (or black) over several field periods before
turning the power off, and subsequently turning the power
off. Thus, display can be terminated without image retention
at power off time.

[0047] This embodiment explains a method of controlling
the liquid crystal display device in preventing image distor-
tion at power on/off time. The controlling method can also
be applied to a liquid crystal display device, for example,
with a standby mode for power saving. When entering the
standby mode, the method used to control the liquid crystal
display device at power on time can be used. Similarly, when
exiting the standby mode, the method used to control the
liquid crystal display device at power off time can be used.
Image distortion when entering/exiting the standby mode
can thus be prevented.

Second Embodiment

[0048] FIG. 5is a block diagram of a liquid crystal display
device according to a second embodiment of the present
invention. Those components that are common to FIG. 1 are
identified by the same numerals.

[0049] The liquid crystal display device according to the
first embodiment has the VCOM adjustment circuit 22
entirely disposed outside the panel (outside of the glass
substrate 11). The liquid crystal display device according to
this embodiment, on the other hand, has a VCOM adjust-
ment circuit 22' including some circuit elements that are
disposed on the glass substrate 11.

[0050] In particular, the capacitor C, which is not easily
disposed on the glass substrate 11, and the variable resistor
VR, which requires external regulation, are disposed outside
the glass substrate 11, as shown in FIG. 5. The variable
resistor VR is connected to both the output terminal of the
capacitor C and the ground. The glass substrate 11 has a
voltage divider R11 and a switch SW that are connected in
series and are disposed between a line L, which is electri-
cally connected to the output terminal of the capacitor C, and
an internal power VCC2. The glass substrate 11 also has a
voltage divider R12 connected to both the line L and the
ground. The switch SW is turned off when the display reset
control pulse PCI from the interface circuit 13 is at a low
level.

[0051] The VCOM adjustment circuit 22 entirely disposed
outside the panel may cause instability of the display reset
control pulse PCI at power off time, and may lead to an
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increased VCOM voltage if the external power VCC1
remains on (in the vicinity of 3.3 V). The liquid crystal
display device according to this embodiment, on the other
hand, has the VCOM adjustment circuit 22' that includes
some circuit elements disposed on the glass substrate 11. In
particular, the voltage divider R11, the voltage divider R12,
and the switch SW for turning the voltage dividers R11 and
R12 on/off are disposed on the glass substrate 11. The switch
SW is turned off when the display reset control pulse PCI is
at a low level. This adjusts the voltage of the line L to the
ground level, preventing an increase in the VCOM voltage,
and retaining the VCOM voltage at the ground level.

[0052] In the above-described embodiments, the supplied
display reset control pulse PCI allows the Sig/CS output
switching circuit 164 to select and apply the CS voltage,
instead of a display signal, to the data lines 55-1 to 55-x.
Since the VCOM voltage and the CS voltage are adjusted to
the same level, a similar effect can be obtained by selecting
and supplying the VCOM voltage to the data lines 55-1 to
55-n.

[0053] Instead of selecting one of the CS voltage or the
VCOM voltage, adjusting the CS voltage and the VCOM
voltage to the same level while selecting a predetermined
voltage may also be possible. Further the level of voltage
written into pixels via the data lines 55-1 to 55-n (pixel
voltage) is not limited to 0 V (ground level). As long as the
CS voltage and the VCOM voltage are adjusted to the same
level as that of the pixel voltage, the screen turns white in a
normally white type display and turns black in a normally
black type display, because no voltage is applied to the
liquid crystal cell 52. For minimizing power consumption,
however, a pixel voltage of 0 V is advantageous because no
power is required in writing into pixels via the data lines
55-1 to 55-n.

[0054] The liquid crystal display devices described in the
first and second embodiments are suitable for use as screen
displays in mobile terminals, which are small in size and
light in weight, typified by mobile telephones and PDAs.

[0055] FIG. 6 is an external view showing a schematic
diagram of a PDA, as an example of the mobile terminal
according to the present invention.

[0056] The PDA has a flip-type lid 62 attached to a main
body 61. An operating unit 63 with various keys, such as a
keyboard, is on the top surface of the main body 61. A screen
display unit 64 is disposed on the lid 62. The above-
described liquid crystal display devices according to the first
and second embodiments are used as the screen display unit
64.

[0057] As described above, the liquid crystal display
according to the embodiments can prevent image distortion
at power on/off time, while enabling a reduction in size and
costs associated with the system as a whole. Incorporating
the liquid crystal display device as the screen display unit 64
into the PDA, therefore, can prevent image distortion at
power on/off time, while contributing a reduction in size of
the PDA.

[0058] Mobile terminals such as PDAs of this type typi-
cally have a standby mode for power saving. Image distor-
tion when entering/exiting the standby mode can be pre-
vented, as described above, by the display reset operation
used for preventing image distortion at power on/off time.
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[0059] Although PDAs are mentioned in the above
embodiment, application of the present invention is not
limited to P[text missing or illegible when filed] The
liquid crystal display device according to the present[text
missing or illegible when filed] invention is suitable for
mobile terminals in general that[text missing or illegible
when filed] are small in size and light in weight, such as
mobile[text missing or illegible when filed] tele-
phones.

[0060] In the above-described liquid crystal display
device[text missing or illegible when filed] according
to the present invention, a display unit and[text missing or
illegible when filed] peripheral drive circuits are inte-
grated on the same[text missing or illegible when filed]
transparent insulating substrate to form a display panel.[text
missing or illegible when filed] Since no external
substrate, integrated circuit, or[text missing or illegible
when filed] transistor circuit is required, a reduction in size
and[text missing or illegible when filed] costs associ-
ated with the system as a whole can be achieved[text
missing or illegible when filed] At power on/off time,
moreover, a predetermined voltage is[text missing or
illegible when filed] written into the pixels, while a
voltage having the same[text missing or illegible when
filed] level as that of the predetermined voltage is applied
to[text missing or illegible when filed] common-elec-
trode-side of the pixels. This allows the sci[text missing
or illegible when filed] to turn white in a normally white
type display, and to tu[text missing or illegible when
filed] black in a normally black type display. Image distor-
tion[text missing or illegible when filed] power on/off
time can thus be prevented, while enabling a[text missing
or illegible when filed] reduction in size and costs
associated with the system as[text missing or illegible
when filed] whole.

1. A liquid crystal display device, comprising:

a display unit wherein pixels are arranged in a matrix on
a transparent insulating substrate; and

wherein some of the circuitry for a voltage-generating
means is mounted together with the display unit on the
transparent insulating substrate and the voltage gener-
ating means applying a common voltage to a common-
electrode-side of all the pixels at a time other than
power on/of time, and alternatively applying a voltage
having the same level as that of a predetermined
voltages instead of the common voltages to the com-
mon-electrode-side of all the pixels at power on/off
time.

2. A liquid crystal display device according to claim 1,
wherein a switching means selects an output voltage of the
voltage-generating means at power on/off time.

3. A liquid crystal display device according to claim 2,
wherein the output voltage of the voltage-generating means
is a voltage applied to the common electrodes of liquid
crystal cells in the pixels, or a voltage applied to electrodes
of storage capacitors via CS lines.

4. A method of controlling a liquid crystal display device,
comprising both a display unit having pixels arranged in a
matrix and voltage-generating means applying a common
voltage to the a common-electrode-side of all the pixels
comprising:

writing a predetermined voltage into each pixel of the
display unit for a certain period of time while the
voltage-generating means applies a voltage having a
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same level as that of the predetermined voltage to the
common-electrode-side of all the pixels;

wherein only some of the circuitry for the voltage-
generating means is disposed on the same transparent
insulating substrate as the pixel matrix of the display
unit.
5-6. (canceled)
7. A method of controlling a liquid crystal display device
comprising:

a display unit having pixels arranged in a matrix and
voltage-generating means applying a common voltage
to the common-electrode-side of all the pixels and after
the liquid crystal display device has been powered on,
at a power off time,

writing a predetermined voltage into each pixel of the
display unit for a certain period of time while the
voltage-generating means applies a voltage having the
same level as that of the predetermined voltage to the
common-electrode-side of all the pixels; and

turning the power off;

wherein only some of the circuitry for the voltage-
generating means is disposed on a same transparent
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insulating substrate as the pixel matrix of the display
unit.

8. A method of controlling a liquid crystal display device
as in claim 4 further comprising:

at a power off time, writing a predetermined voltage into
each pixel of the display unit for a certain period of
time while the voltage-generating means applies a
voltage having the same level as that of the predeter-
mined voltage to the common-electrode-side of all the
pixels;

and turning the power off.

9. A liquid crystal display device according to claim 1,
wherein a switching means selects an output voltage of the
voltage-generating means at power on/off time; and

wherein the output voltage of the voltage-generating
means is a voltage applied to the common electrodes of
liquid crystal cells in the pixels, or a voltage applied to
the common electrodes of storage capacitors of the
pixels via a CS line.
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