2;18'AUgust 2006 - 1 DESCRIPTION LIQU D CRYSTAL DI SPLAY DEVI CE, METHOD FOR

. DRI VI NG SAME, AND PORTABLE TERM NAL 5 Technical Field T éﬁéﬁ?ﬁ&)
invention relates to a liquid crystal display device, driving
the same, .and a portable termnal. In particular, the present i nvention 10
relates to an active matrix liquid crystal display device using a
pre-charge system a nethod for driving the same, and a portable termna
having such a liquid crystal display ;device at an output display section.
15 Background Art Portable term nals Such as portable tel ephones have 3
becone increasingly popular in recent years. Such portable termnals
typically use a liquid crystal display device for an output display
section. These portable term nal SE&GFBIROIPNequent |y used outdoors, and
therefore, are required to ensure stable operation over a w de.tenperature
range. The lower |imt of the guaranteed operating tenperature range is
such_as about -300 C. At |low tenperature, a
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Technical Field
The present invention relates to a liquid crystal

display device, a method for driving fhe same, and a
portable terminal. 1In particular, the present invention

10 relates to an active matrix liguid crystal display device
using a pre-charge system, a method for driving the same,
and a portable terminal having such a ligquid crystal display

device at an output display section.

15 Background Art
Portable terminals such as portable telephones have
-'5;) _become.increasingly popular in recent years. Such portable
terminals typically use a liquid crystal display device for
an output display section. These portaﬁle terminals are
20 frequently used ouédodrs; and therefore, are required to
ensure stable operation over a wide temperature range; The
lower limit of the guaranteed operating temperature range is
set to an extremely low level such as abeut -30° C.
At low temperature, a . ligquid crystal'displéy device is

25 disadvantageous in that the frequency characteristics of the




“ys1i.quid crystal dielectric constant are degraded, causing the contrast at
| ow tenperature to becone low. In nore detail, referri nqgt@uﬁiﬂgzooé show ng

“an equivalent circuit for a unit pixel, the resistance conpohent of the

liquid crystal 5 material increases at |ow tenperature, thus preventing the
pi xel electrode, with a liquid crystal capacitance Cc, from being
sufficiently charged within a predeterm ned period of tinme. Consequently,
a desired signal voltage cannot be witten to the pixel, causing the
contrast to becone low. 10 This problémof |ow contrast at |ow tenperature
is notable particularly in a liquid crystal display device operated at a
| ow vol tage to reduce power consunption, in which a |ower voltage is
appl i ed %Itk auvgtied cipdegitricapgasistante atec debmadeder ceusbngr thae t he
probl em descri bed 15 above, a higher voltage may be applied to the liquid
crystal conynastyidcilitahdembecatidreer bechine approaéh perodudesaidhet her
problemin that the output circuyit of the data driver for driving the data
lines r &GS €SS Ficgh Cur Pefo¥apsc plty eIV HEd cBENSHETHEENEPE PoWBEtand
occupying a.larger circuit 20 area. A selector drive, syste enployed in a
col or | Fgicd s 7815 1 S9PICRy CGBPPRERT § 8fm§PP-%ﬁ8Hﬁds9§¥g%?%hat al | ows

threg C%E%Erﬁ% n@ls corresponding. to three horizontall rranged colors to

be tTne-sequen |aFFfe§§ﬁSI§% %PVhFﬁmBﬁﬁaggrﬁorFéBﬁtBFe%EP?bﬁga €t hen

m”ittenpﬁ%eﬁh%lg%EQOEEQe%iEﬂ Eh?iééiéug%§gt§902ap§citance Clc, from

R being sufficiently charged within a predetermined period of

}n) time. Consequently, a-desired signal veltage cannot be
written to the pixel, causing the contrast to become low.

10 This problem of low contrast at low temperature is
notable parficularly in a liquid crystal display device
operated at a low voltage to reduce power consumption, in
which a lower voltage is applied to thé liguid crystal
capacitance Clc. In orxrder to overcome thé problem described

15 above, a higher voltage may be applied to the liquid crystal
dapacitance Clc; however, this approach produces another

fm) . problem in that the output circuit of the data driver for

driving the data lines requires a high current capacity,
thus consuming more power and occupyving a larger'ciﬁcuit
.20  area.
A selector drive system, employed in a‘color liquid
crystal display devicé, is a well-known system that allows
three color signals corresponding to three horizontally

arranged colors to be time-sequentially sampled within one

25 . horizontal period and then written to the data lines in the




di splay area, thus reducing the nunber of outputs of the data driver to

one-third. I'n such a liquid crystal display device enplqy éﬂg%#ﬁﬁ)gelector
drive system three color signals are sequentially sanple I'n one

hori zontal period, and therefore, a shorter period of tinme is allocated,
in particular, for the third sanpled color. This problemis nore

noti ceable at | ow tenperature for the reasons described above. Thus, a
desired signal voltage cannot be wigten to the pixel of the third sanpled
color. As a result, the contrast of the third sanpled color becones
significantly low, causing a chromaticity shift (chromaticity

deteri oraaagpa drmda rremésoiean%lwgesm A YEOLT QR oRRQVide &eliquid

crystal di s evice that increases the contrast characteristics at | ow
tenperatuFEewﬁ@Fé &tiVer stppPBESIERG TowerI Eonahpei dAdadd t hat reduces a

chromati cktysshinf aiidp 1he s&bectoem@nious Systed k&1 emphoyadva method for
driving such a liquid cr%étal di spl.ay device; and a_portable term nal

havi ng suBRSEe% i JlitP TrytaF HFQBP&? &éﬁ(ﬁﬁ%?e%ﬁléﬁﬂﬁuﬁﬁﬂﬁﬁﬁ%. secti on.
Di scl Osur‘elﬁfllhn\be]ﬂbt iy ACEE di ngetreoal fidsd aﬁ@eéto@‘e t e present
i nvention re |s ro i ded_a IQUId <%}/:stal dIS devi.ce conprising:

si gnal mm%?lﬁ ﬁegﬁ i ttHhg L4 %ﬁ%%al% ¥5§ﬁ§W%%ﬁS in a

di spl ay afea the thlrd sampled color. This problem is more
noticeable at low temperature for the reasons
described above. Thus, a desired signal voltage
cannot be written to the pixel of the third sampled
color. As a result, the contrast of the third
sampled color becomes significantly low, causing a
chromaticity shift (chromaticity deterioration).

Embodiments of the present invention

provide a liguid crystal display device that increases
the contrast characteristics at low temperature while
still suppressing power consumption and that reduces a
chromaticity shift if the selector drive system is
employed; a method for driving such a ligquid crystal
display device; and a portable terminal having such a
liguid crystal display device at an output display

section.

Disclosure of Invention

According to a first aspect of the present
invention, there is provided a liquid crystal display
device comprising: signal writing means for writing
display signals to data lines in a display area
comprising a matrix of pixels; and pre-charging means
for writing a gray-scale level to the data lines

before the signal writing means writes the display




conprising a matrix of pixels; and pre-charging neans for witing a
gray-scale level to the data |lines before the signal VWiﬂ@ﬁ%%wﬂﬁﬂﬂ% wites
the display 18 August 2006 -4 signals to the data lines, the’ gray scale
| evel being obtained when no voltage is applied to liquid crystal and
serving as a pre-charge signal level, wherein the pre-charge signal |evel
is awhite level for a normally-whité-liquid crystal display device or a
bl ack I'evel for a normally-black liquid crystal display device. According
to a second aspect of the present invention, there is provided a nethod
for drivihg?als|i &wq?%n%%ﬁ%llﬂP%ﬁPaﬁhﬁeﬁQﬁﬁ TohpPi $PRE WA a
gray-scabiet heveld waedatn |\}cm_-3‘5ad_;6 a sdiapR 18y Area 19@&@&! $iyG @t ri x of
pi xel s before Mﬁltln% di spl %% % ?nals to the data lines, .the gray-scale
P ho” Vof

|l evel beifg°6btaf e 95e Sit9ppl i e fo Vhgard® dstal and

serving @seacpaegehan@maﬂgﬂﬁwelewela wiiereei Inetde poe- aharge signal |eve
b ack | VartFae vz Rar e TR K PR el Gt Epraythan ce. Accor di ng
to a thﬁbhaakpééveéfﬂﬂnaqnmgem@llvﬁbémnhnilq¢m¢ecrsspBGV|ded a portable
terninaJdiggggydhggi@@.output di splay section which is a liquid
' ' According to a second aspect of the present

invention, there is provided a method for driving a

liguid crystal display device, comprising writing a

gray-scale level to data lines in a display area

comprising a matrix of pixels before writing display

signals to the data lines, the gray-scale level

being obtained when no voltage is applied to liquid

crystal and serving as a pre-charge signal level,

wherein the pre-charge signal level is a white level

for a normally-white liquid crystal display device or

a black level for a normally-black liquid crystal

display device.

According to a third aspect of the present
invention, there 1is provided a portable terminal
including an output display section which is a liguid
crystal display device, wherein the 1ligquid crystal
display device comprises: signal writing means for
writing‘ display signals to data 1lines in a display
area comprising a matrix of pixels; and pre-charging
means for writing a gray-scale level to the data lines
before the signal writing means writes the display
signals to the data lines, the gray-scale level being
obtained when no voltage is applied to'liquid crystal
and serving as a pre-charge signal level,
wherein the pre-charge signal level is a white level
for a normally-white liguid crystal display device or

~a black level for a normally—black liquid crystal




crystal display device, wherein the liquid crystal display device
conprises: signal witing neans for witing display siQQ§I g#ﬁkiﬁ%ga l i nes
in a display area conprising a matrix of pixels; and pre-¢ gi'ng nmeans
for witing a gray-scale level to the data lines before the signal witing
means wites the display signals to the data |ines, the gray-scale |eve
bei ng obtained when no voltage is -#sptied to liquid crystal and serving
as a pre-charge signal |evel, wherein the pre-charge signal level is a
white level for a normally-white liquid crystal display device or a black
| evel fott3PhBYnBFFy-i-ack |iquid crystal 18 August 2006 -4a displ ay
device. In the |iquidegeystahidi sy devicepibeaerasist afgg conponent of

the liquid crystal material .increases at lqQw tenperature to degrade the
frequencfe%ﬁégiﬂﬁ%r?%TP8§eEFtQéaﬁ %u}ﬂqﬁigsFﬁﬁsﬁﬁﬂeﬂﬂ??ﬁlagonstant. Thi s
results iimdradare 40 Wint eecapdasitnete sogaabrudlet age toré feeprxel

electrode W a Lo d, sYShAl capacstance witlin A predeterm ned period
of tinme. To overcone fne abovementioned pYOBFenl a e1|qU|d crystal display
devi ce aceardiangt t o Bvbedireemtls s gfn thel presenb Wmide iondewited the

gray-scalsg Jgvely o 8BS, 9Bt ai,ned ¢ @&JE’&Pé&@ggdhsﬁﬁﬁﬂiéxhiﬁhlﬁe liquid
crystal to the data ?lnes, prior to witing display
- crystal capacitance within a predetermined period of

time. To overcome the abovementioned problem, a
liquid crystal display device according to embodiments
of the present invention writes the gray-scale level
as obtained when no voltage is applied to the liquid
crystal to the data lines, prior to writing display
signals to the data lines, where the gray-scale level
functions as a pre-charge signal level. Thus, driving
of the data lines can be started with the gray-scale
signal level; in other words, a desired signal voltage
can be written to the data lines within a shorter
period of time. For the reason described above, even

if the frequency characteristics of the liquid crystal

dielectric




-signdls to the data |lines, where the gray-scale level functions as a

. pre-charge signal level. Thus, driving of the data Iine é¥g§¥b Farted

with the gray-scale signal level; in other words, a desire Ighal voltage
can be witten to the data lines within a shorter period of tinme. For the
reason descri bed above, even if the frequency characteristics of the
liquid crystal dielectric 18 August 2006 5 constant are degraded at | ow
tenperature, a desired signal voltage can be witten to the pixe
el ectrode with a liquid crystal capacitance within a predeterm ned period
of time, thereby increasing the contrast at |ow tenperature. 5 Brief

Descri pt the Ex wi.n iqg. .l is acircuit diagramof an active matrix
| i quid %ﬁ%ﬁg@ﬁt §itsplay? Iﬁ§%¥£§gé&88rEﬁﬁﬁefétgﬁeenﬁo FeRtdoPigRRY present
i nventi Qp; +1 FFb%n % S ! t% %Eart @hu; %%%EggﬁgggFg ﬁrgggﬁﬁﬁlm”lFlng

a black sign to a plxe ed in

that ordghdRiag %rW@ééﬁd@“d&%hthglgre§§¥%&%hngl858fxggﬁékf§ngg? 3is a

circuit dlagran1s owi ng an equi val én ik e Fig. 4

s a bl eplerdbg0h AWHIUSL 2hkNBoALERECEL 134" UekYERaRE,8 11 quid crystal

panel according to an

5
Brief Description of the Drawings
t) Fig. 1 is a circuit diagram of an active matrix liquid
b crystal display device according to aﬁ embodiment of the
present invention.
10 Fig. 2 is a timing chart illustrating the timing of

.writing a black signal to a G pixel when the B, G, and R
signals are sampled in that order in a normally-white liquid
crystal display device.

Fig. 3 is a circuit diagram showing an eqguivalent
15 circuit for a unit pixel.

Fig. 4 is a block diagram illustrating a typical
\;) structure of a liquid crystal panel according to an

._embodiment of the present invention.

Fig. 5 is a schematic drawing illuétrating the outline
20, of a portable telephbne~according to the present invention.
Fig. 6 shows a typical appearance'of an output display

section.

Best Mode for Carrying Out the Invention

25 Embodiments according to the present invention will now




- enbodi ment of the present invention. Fig. 5 is a schematic draw ng
i.Ilustrating the outline 20 of a portable tel ephone aCC?%Qh%%tRRmBhe
" present invention. Fig. 6 shows a typical appearance of an Pput di spl ay
section. Best Mdde for Carrying Qut the Invention 25 Enbodi nents accordi ng
to the present invention will now 18 August 2006 6 be described in detai
with reference to the attached drawings. Fig. 1 is a circuit diagramof an
active matrix liquid crystal display,.device according to an enbodi nent of
the present invention. For convenienc®, the enbodinent will 5 be described
by way of an exanple in which a pixel array has four rows by six colums.
Referring to Fig. 1, gate lines 11-1 to 11-4 and data lines 12-1 to 12-6
are wrég dessnived in Aepixeél wiBhi seffoened &b ehehavfathedi ntersections
of the gate lines and 10 data |ines described above, all the pixels 13
t oget hedrgwaggsf.or ity & disspl ajranés ddagEawhoff anhacpixelsatiBizncl udes a
pixel transistor TFT (thin filmtransistor) having its gate electrode
connect ddadd KEYESaleSp6RdrKgdgaLeel pAECEBhBIOLC eheeghedimemesofil-1 to
+11-4) and its source el ectrode %or 15 drain el ectrode) connected to the
cor resp&hi RGSEsRE LRHENtEBRe oF OFhECH¥ERiFNAEs thelempodinment will quid
i xel electrode_is connected to the drain el ectrode

crystal cell LC whose _ (
(or oupgedgﬁgfﬁpggeiyoﬁaythp?ﬁe?x?WBﬁ§iéPth?F#;aaﬂﬂx%l array has
four rows by six columns.
o Referring to Fig. 1, gate lines 11-1 to 11-4 and data
K“) lines 12-1 to 12-6 are wired in a matrix. A pixel 13 is
formed at each of the intersections of the gate lines and
10 data lines described above, all the pixels 13 together thus
forming a display area 14. Each.of the pixels 13 includes a
pixel transistor TFT (thin film transistor) having its gate
electrode connected to the corresponding gaté line {(one of
the gate lines 11-1 to 11-4) and its source electrode (or
15 drain electrode) connected to the corresponding data line
. {(one of the data lines 12-1 to 12-6); a liquid crystal cell
\w)_ ‘LC whose pixel electrode is connected to the drain electrode
{(or source electrode) of the pixel transistor TFT; and a
storage capacitor Cs connected in parallei with the ligquid
20 crystal cell LC. |
In the pixel structure described abdve, the counter
electrodes of the liguid crystal cells LC are commonly._
connected among all pixels. A common voltége VCOM is
applied-to the counter electrodes of the liguid crystal

25 cells LC.  For 1H (H represents a horizontal period) reverse




,storage capacitor Cs connected in parallel with the liquid 20 crystal cel
LC. In the pixel structure described above, the counter lgUQ@thﬂ@ of the
“liquid crystal cells LC are comonly connected anong all piXels. comon
voltage VCOMis applied to the counter electrodes of the liquid crystal 25
cells LC. For 1H (H represents a horizontal period) reverse 18 August 2006
7 driving or 1F (F represents a period equivalent to one field) reverse
driving described bel ow, the display signals to be witten to the data
lines 12-1 to 12-6 are polarity- reversed with respect to this comon
voltage VCOM 5 In the liquid crystal display device according to the
enbodi nent, VCOM reverse driving is also enployed in which the common
vol t age AGEOMITIE qol1dT | EFy vepressed seveperibddpennuédalentlEopeneod. Wien this
VCOM reverse driving is used together with 1H reverse driving or 1F
rever se fdraddIngeveisel drépdnat ideg cpdhed bellvugetbe thepdevpaigokisuit of
the data driver, described bel ow can be half of that when VCOMreverse
- dri vi ng §% Botridd@n teudhs dewiend imss darad &pi V8rot 8rberodpsitved at a
| ower voltage. The common voltage VCOMis supplied as an alternate 15
vol t age W%t 367 ¥t £688°StbdCattitsl CYMBgHaroL630RaVCBH -t he di spl ay
signals used._ O nals are witten to the

0 3,3V, for ex | e._ When sj
pi xef el ect - TBebhes TLREY, G0V GCET YAt aP LY HPELTE AFFARGHY HeP prie
trans'S%ﬁ&%dgﬁgngnObegerg%%%se driving is also employed in which

)

the common voltage VCOM is polarity—réversed every 1lH period
or 1F period. When this VCOM reverse driving is used
together with 1H reverse driving or 1F reverse driving, the
10 7 operating power voltage of the output circuit of the data e
driver described below can be half of that when VCOM reverse
driving is not used, thus allowing the data driver to be
operated at a lower voltage.
The common voltage VCOM is supplied as an alternate
15 voltage with an amplitude substantially equal to that of the
display signals used: 0 to 3.3 V, for example. When signals
x;) _ are written to the pixel electrodes of the liguid crystal

cells LC through the pixel transistors TFT from the data

lines 12-1 to 12-6, factors such as parasitic capacitancé
20 cause a voltage drop at the pixel trahsiétors TFT. For this
reason, in practice, an alternate voltage with an amplitude
shifted by the voltage drop is practically used for the
common voltage VCOM. Along with this VCOM reverse driving,
" a voltage whiqh has_the same amplitude as the common voltage

"25 'VCOM and which is polarity-reversed in synchronization with




.lines 12-1 to 12-6, factors such as parasitic capacitance 20 cause a
vol tage drop at the pixel transistors TFT. For this reas@n,. | ctice,
"an alternate voltage with an anplitude shifted by the v?%t%"b%ﬂtdir@g is
practically used for the common voltage VCOM Along with this VCOMreverse
driving, a voltage which has the sane anplitude as the common vol tage 25
VCOM and which is polarity-reversed in synchronization with 18 August 2006
8 the common voltage VCOMis applied %o_t he el ectrodes of the storage
capacitors Cs adjacent to the counter "electrodes via the Cs lines 15 (the
adj acent lines to the counter electrodes). 5 A scan driver 16 serving as
vertical driving neans is disposed, for exanple, to the left of the

di spl ay @resommon Tied tegan VEOM/ és 8ppdégdenbi ahkyedectesdebheogatkel i nes
11-1 to 11-4 every one field period to select each row of pixels 13 at a
time. ASf@RrRaf iopPacitors @isspedegentotoexhgpreuntorapdeetrhdedi spray area
14. A selector switch 18 is disposed between the data driver 17 and the
di spl ay @i%e&s14ingsple- (thsr g8igmentn 1ioepstai §peseduntsf exanpl e, bel ow
the display area 14. The data driver 17 repeatedly outputs the display 15
signalsefjﬁycttrl’i’életsﬁree colors, that is, blue (B), green (G, and red (R,

in predeterm ned order such as B, G and R 1In_ this case, the display
si g?l%l s are ‘éu?ﬁﬁ? ‘EBJrV%’écﬁgg?%’ﬁ%ln%fa? hY 2B t07 trfist B9 HeeH et array in

the d's%h%%o%% ? %gr example, to the left of the display area 14.

RS

The scan driver 16 sequentially drives the gate lines 11-1
to 11-4 every one field period to select each row of pixels
13 at a time. A data driver 17 is disposed, for example,

10 above the display area 14. A selector switch 18 is disposed
‘between the data driver 17 and the display area 14. A pre-
charge switch 19 is disposed, for example, below the display
area 14.

The data driver 17 repeatedly outputs the display
15 signals for the three colors, that is, blue (B), green (G),

and red (R), in a predetermined order such as B, G, and R.

u;) In this case, the display signals are output for each group
of three columns of the pixel array in the display area 14,
This repetition period is usually the 1H period. In short,
20 each of the B, G, and R signalé is time-sequentially output
within the 1H period. At this time, the polarities of these
color signals are reversed évery 1H with respect to the
common voitage VCOM. In this manner, 1H reverse driving is
performed wherein the polarity of the display signal to be

25 'applied to each pixel 13 is reversed every 1H.




,This repetition period is usually the 1H period. In short, 20 each of the

B, G and Rsignals is tinme-sequentially output wthint 1H jod. At
"this time, the polarities of these <color signals are revﬂeyraps“é%lsg\f;ipy 1H
with respect to the comon voltage VCOM In this manner, 1H reverse
driving is performed wherein the polarity of the display signal to be 25
applied to each pixel 13 is reversed every 1H 18 August 2006 9 In a
power - savi ng node, the data driver 179rgpeat edly outputs the B, G and R
color signals every one field period "(1F). At this tine, the polarities of
these color signals are reversed every 1F with respect to the conmon
voltage 5 VCOM Thus, 1F reverse driving is perforned wherein the polarity
of the displdy ¢ gpoaslertcalyéngppbied theedshapixeiver137i sepeyeedbd every | F.
Wth 1F reverse driving, polarity reversal of the color signals is
requi r ePWHURH-9 g B edueidy R v ow B Ind lse oese @nevifhgldt Rerépy
suppr essin 10 power consunption of the output circuit of the data driver
17. Thi s(]rﬁga-ns MU Yhefe rtsidnegr jBien golarédfriest idfe Hhgsee§GePRgS1EBREF
consunption (that is, contributing to power savi n%). As descri bed above,
the dat &4 iVEFEIERDRYERYs i ST resPgcdl Losithe, “ergon ¥Rdte88%on. These

di spLay .sigpal g .are each a tjme-sequence signal, of B, .G ,and R col or
S onar el Y A B AT 16 Lo PesTELPER ShPEEAR 18R one 1 or
each grqu f. .two or_nore adjacent pixels.(three.pixels or.exanple) in
t he san&oﬂg\%lo tohfg tpl)llexe :Lsg(riraafy sillgnfa%e%o b(a app 1B9% €6 éacfl pJ.)e{e‘fLl
13 is reversed every 1F. With 1F reverse driving, polarity

4“) reversal of the color signals is reguired much less
frequently than with 1H reverse driving, thereby suppressing
10 power consumption of the output circuit of the data driver
17. This means 1F reverse driving is effective in reducing
power consumption (that is, contributing to power saving).
As described above, the data driver 17 outputs display
signals Sigl, $ig2, and so on. These display signals are
15 each a time-sequence signal of B, G, and R color signal
components, and are supplied to the selector switch 18, one
L:) for each group of two or more adjacent pixels (three pixels,
for example} in the same row of the pixel array in the
- display area 14. The selector switch 18 enables the
20 selectof drive system, where therdisplay signals for the
pixels corresponding to the three colors horizontally
érranged in the display area 14 are time—sequentially
sampled into the data lines 12-1 to 12-6 within one
horizontal period.

25 More specifically, the selector switch 18 has a group




di splay area 14. The selector switch 18 enables the 20 selector drive
"system where the display signals for the pixels corresp nﬁﬁ%ﬂtﬁ@ét he
-three colors horizontally arranged in the display area 14 ar
time-sequentially sanpled into the data lines 12-1 to 12-6 within one

hori zontal period. 25 More specifically, the selector switch 18 has a group
18 August 2006 10 of three analog switches SWB-1, SWG 1, and SWR-1 for
the display signal Sigl, a group of .three anal og switches SWB-2, SWG 2,
and SWR-2 for the display signal Si &é) and so on. The input term nals of
the anal og swtches in each group are 5 connected to one common line. The
output termnals of the analog switches are connected to the respective
data | i mefs thi2el analb2- Bvitichke GWsPHay &WeA-14. and $WeRsk| Berokhewi tch 18,
the anal og switches for the sanme color are turned ONOFF in

synchr omlizatlison sdigrialt K6 9110 ac @moadp orfd ity e tasyadslo sadid@hesu|SISBSE- B,
SEL-G or SEL-R applied tinme-sequentially. Mre_specifically, the anal og
swi t cheSTeRE-,1 amed SBaEB22 fare thar Aé8PORYOBEIRAL gyﬁ%hr%ﬁiz%i BR-with the
~select pulse SEL-B for color B, the analog switches SWG 1 and SWG 2 are
turned GReCHRIYE BSTEjRERE0RTZANPOATAPH EWATSBPECERpERSR SEPYS BT col or

G and the analog switches SWR-1 and SWR-2 are turnele\I/gg in
synchr oFCPRERWTCh e CSBIERt Lplifse BE- RUFBPLCHPBPLREITha  sef'8ct or dri ve

m achi_ev i hi I [ . .
syste %%al%ge%QQt%ﬁe% a%esgoggggted to the respective data lines

S 12-1 to 12-6 in the display area 14.

L“) In the selector switch 18, the analog switches for the
same color are turned ON/OFF in synchronization with the

10 corresponding external select pulse SEL-B, SEL-G, or SEL-R
applied time-sequentially. More specifically, the analog
switches SWsB-1 and SWsB-2 are turned ON/OFF in
synchronization with the select pulse SEL-B for color B, the
analog switches SWsG-1 and SWsG-2 are turned ON/OFF in

15 synchronization with the select pulse SEL-G for color G, and
the analeog switches SWsR-1 and SWsR-2Z are turned ON/OFF in

.J:) . synchronization with the select pulse SEL-R for color R.

The selector drive system achieved with this selector

switch 18 allows the display signals Sigl and Sig2 for the

20 pixels.arranged horizontally in each row to be time-
sequentially sampled and supplied tQ.the data lines 12-1 to
12-6 in the display area 14 within one horizontal period,
and hence is advantages in that it allows the number of

outputs from the data driver 17 to be reduced to one—third

25 of the number of data lines 12-1 to 12-6 in the display area




switch 18 allows the display signals Sigl and Sig2 for the 20 pixels
arranged horizontally in each row to be tinme sequentiall yes | nd
supplied to the data lines 12-1 to 12-6 in the display ﬁ?égﬁ%gaﬁoﬁhin one
hori zontal period, and hence is advantages in that it allows the nunber of
outputs fromthe data driver 17 to be reduced to one-third 25 of the nunber
of data lines 12-1 to 12-6 in the display area 18 August 2006 14. The
pre-charge switch 19 is used for thejpre-charge system where a pre-charge
signal Psigis witten to the data lines 12-1 to 12-6 just before witing
to the data 5 lines 12-1 to 12-6 the display signals Sigl and Sig2 sanpl ed
using the selector switch 18. In nore detail, the pre-charge switch 19

i ncl udes4as many anal og switches (SW-1 to SW-6) as the nunber of

colums of the pixel array in the displa rea 1 el 1ge0f each of
these anal oglhaviRTEERaSHE: S Wid A6 1% ‘)({sc?zln%@treghet one go%r?on line

serving as the input termnal of the pre-_char. i;anal, Rl Gshanher eas the
ot her eadsbfMeathest 2 XA Anald %%%%ﬁslgﬁeﬁclonnenct ed to the

e e T L R E N e et
oxt & nal(9Shr LT T B L He 11 Vet Shr B TR e S 1ot U eee what
happensuggngr%ﬁghgégéggoéss@9£ch 18.

In more detail, the pre-charge switch 19 includes as
i”) many analog switches (SWp-1 to SWp—6) as the number of
columns of the pixel array in the display area 14. One end
10 of each of these analog switches SWp-1 to SWp—6 is connected
to one common line serving as the input terminal of the pre-
charge signal Psig, whereas the ‘other end of each of the
same analog switches is connected to the corresponding data
line, that is, one of the data lines 12-1 to 12-6 in the
15 display area 14. The analog switches SWp-1 to SWp—6 are
turned ON/OFF in synchronization with the pre—charge pulse

\:) PCG, which is applied externally prior to the first select

| pulse SEL-B.
Now, let us see what happens if pre—chargingiis not
20 performed in a liguid crystal display device employing #he
analog point-at—a-time driving system. If the pre—charge
signal Psig is not written 1o the data liﬁes 12-1 to 12-6 in
such a liquid crystai panel before the display signals Sigl
and Sig2 are written, a large charge/discharge current

25" resu1ting from signals being written to the data lines 12*1.




20 performed in a liquid crystal display device enploying the analog
point-at-a-tinme driving system |f the pre-charge signahgaﬁi s$ﬁm8°t.
- witten to the data lines 12-1 to 12-6 in such a liquid crystal panel
before the display signals Sigl and Sig2 are witten, a |l arge
charge/ di scharge current 25 resulting fromsignals being witten to the
data lines 12-1 18 August 2006 12 to 12-6 during 1H reverse driving
descri bed above generates noi se, sugh as vertical streaks, on the display
screen. on the other hand, witing the pre-charge signal Psig (typically
gray or black level for a normally-white liquid 5 crystal panel) to the
data lines 12-1 to 12-6 suppresses a charge/discharge current caused by
si gnal woi fl2ng, duhéngbyH revgcsagdndviey Uptoribadt@Pyvepdenedli®ing of a
signal simlar to the pre-charge signal Psig for inproving the | ow
t enper af@iee, 18uchapacvericdcnrésskeaakst oCRNtRACEEaBE2Y nSPHYRE - cdSunpt i on.
In order to suppress power consunption caused by this pre- charging, the
liqui d &hpsoahedi 8prdy H§9Fé§ga558rEFﬁQCP%rgﬁeSl%ﬂﬁﬁngéﬁt uses the

-ch | Psig which is the -scal e | eyel bt ai ned wh
Vol t age (HPREALLEASEBY15%t RAaFRqhrHCL Sataf ApHBF 1€ "ERES g iy Ehal 0 | eve

ivalent to the white level |1y-white.lgquj tal ]
Gi'spt 2y SG85EE BROEhG bPabh B96h FOPR hormarty 6l Ak P RHeE ) ol o

TSPl 2 ooy 106 e, 3R°ELEERL! XaulDE b OTRRa Y okt 2OERY O LreisgiuT val en

reducing noise.

ig} Unfortunately, pre-charging of a signal similar to the
pre—-charge signal Psig for improving the low temperature
10 characteristics leads to an increase in power consumption.
In order to suppress power consumption caused by this pre-
charging, the ligquid crystal display device according to the
embodiment uses the pre-charge signal Psig which is the
gray-scale level as obtained when no voltage is applied to
15 the liquid crystal, that is, the gray-scale level equivalent
to the white level for a normally-white liquid crystal
.;;) display device or the black level for a normally-black
| liquid crystal display device. More specifically, the

common voltage VCOM is equivalent to the gray+scale level as

20 obtained when no voltage 1is applied to the liquid crystal,
i.e.,.the white—level for a normally-white liquid crystai
display device, for example. The liquid crystal displéy
device according to the embodiment, therefore, uses the
common. voltage VCOM for the pre-charge signal Psig.

25 As described above,.the.active matrix liquid crystal




“52030btained when no voltage is applied to the liquid crystal, 1i.e t he

white-level for a normally-white liquid crystal displaydev
- exanple. The liquid crystal display device according tolgﬁgk%%%uﬁlnent

therefore, uses the comon voltage VCOM for the pre-charge signal Psig. 25
- As described above, the active matrix liquid crystal 18 August 2006 13

di spl ay device enploying the pre-charge system may allocate the gray-scale
l evel as obtained when no voltage is applled to the liquid crystal, such
as the common voltage VCOM for the pre-charge signal Psig; turn OV OFF
the pre-charge 5 switch 19 in synchronization with the pre-charge pul se PCG
just before sanpling, with the selector switch 18, the desired display

__si gnal s dSisgilaySidgyicangmpd oyanguspei paef cbAYIEhBYHEEE BRY vellagate

pre-char the data lines 12-1 to 12-6 wth the common vol tage, VCOM and

t hen seG%énGnﬂMiWQQ@ﬁn1@Ge¢Nﬁ€FPb¢ﬁén§él@B?Brn§mﬂPéﬁa@8 i+ %QB%h?%nlzatlon
with the select pulses SEL-B, SEL-G and SEL-R to wite the desired

si gnal %t &hend I¥ice spYRdRAg FPLBI 283 thRr 6AHRORNECYARES YiEs 19F1 to
12-6. The advantages of theie features will ? gg gga%ent in the

fol | ow ﬁ&ed&r@ru 8. Signﬁ Ps33ir| tHSPr QNESFFhEDE FY6Fi ting the

bl mh dR | d
: thgf or& ch';%IF&U| ng 8?&?25ﬁ8§|3§t526 : uih gggz Sﬁgr%agﬁéemhlig
liquid C%%%N?ﬁ&%&%p%%a %nb$ew158r gcygle8¥8259w9EhM'T9; {he common

“vol t age?
desired display signals Sigl, Sig2, and so on supplied from

{‘) the data driver 17 to pre—charge the data lines 12-1 to 12-6
with the common voltage VCOM; and then sequentially turn
10 ON/OFF the selector switch 18 in synchronization with the
select pulses SEL-B, SEL-G, and SEL-R to write the desired
signal into the corresponding pixel 13 through the data
lines 12-1 to 12-6. The advantages of these features will
become apparent in the following description.
15 Fig. 2 illustrates the timing of writing the black
signal to a G pixel when the B, G, and R signals are sampled
t;) in that order in a liguid crystal display device such as a
_normally-white liquid crystal display device. For VCOM
réverse drivihg, the common voltage VCOM has a phase-
20a reversed relationship with the oﬁtput signals Sig from the
data driver 17.
Without pre—-charging, the potential Sig-G of the data
line for G before being written, as shown by the dotted
lines in Fig. 2, drops from the original voltage level: that

25 'is, it is adversely affected by this phase-reversed common




20 reversed relationship with the output signals Sig fromthe data driver

"17. Wthout pre-charging, the potential Sig-G of the dat i G
- before being witten, as shown by the dotted lines in Fﬁgf&%gﬁh%%%s from

the original voltage level: that 25 is, it is adversely affected by this
‘phase-reversed common --_--_- -- 18 August 2006 14 voltage VCOM Referring
now to Fig. 3 show ng an equivalent circuit for a unit pixel, the
potential Vp of the pixel electrode with the Iiquid crystal capacitance
Clc also drops, as shown by the ddiﬁg%'1ines in Fig. 2. An increase in the
5 resistance conponent R of the liquid crystal nmaterial at |low tenperature
prevents a desired signal voltage frombeing sufficiently witten to the
pi xel wivdlitage pioetet e Reifeed ingeniogd tof Fligne3 thowisgusiingguivehesdnt r ast .
In contrast, pre-charging the data |lines of the pre- 10 charge pul se PCG
(acti ve citraviig |fow leeveli)t wikklt hehgr pptentdké ¥pgnél the Bbkained when no
voltage is applied to the Iliquid crystal, i.e., the conrmon voltage VCOMin
t he enbediamodsemiithy e HaWde-ehEtgd staprtiticg GG Grlad 9%8%4 ng t he
bl ack signal, causes the potential Sig-Gof the 15 data line for Gto cone
to the MSd@heWmews] thes dokERA ByneRe180Fig | Pne PR ERGTe2set hlsTRBusi ng the
potential Vp of the pixel electrode with the liquid crystal c p?citance
Oc to IEoeTeRenEomPearat Bvef. thRertdaiier CT¥RED eiﬂaEé’o’%a%uﬁge ow

temperature prevents a desired signal voltage from being
_ sufficiently written to the pixel within a predetermined

i“) period of time, thus causing a low contrast.

In contrast, pre-charging the data lines of the pré-

10 charge pulse PCG {active at the low level) with the gray-
scaie signal as obtained when no voltage is applied to the
liquid crystal, i.e., the common voltage VCOM in the
embodiment serving as the pre-charge signal Psig, prior to
writing the black signal, causes the potential Sig-G of the

15 data line for G to come to the middle level, as shown by the
solid line in Fig. 2, thus causing the potential Vp of the

iﬁ) - pizxel electrode with the liquid crystal capacitance Clc to

come to the middle level. Thereafter, the selector pulse
SEL-G for G turns ON the selector switch SWsG, thus allowing
20 the signal Sig-G to rise from the middle level. .Hence;

" despite an increase in the resistance component R of the
liqﬁid‘crystal material at low temperature, the pixel
electrode with the liquid crystal capacitance Clc can be
charged sufficiently within a predeterminéd period of time

25 and a desired signal voltage can be written to the pixel,




" SEL-G for Gturns ON the selector swtch SWG thus allowng 20 the signal
Si g'_- Gto rise fromthe mddle |evel. Hence, despite an il%cfgu\%a‘t@@zdog t he

- resistance conponent R of the liquid crystal material at 10 enperature,

the pixel  electrode with the liquid crystal capacitance Cc can be

-charged sufficiently within a predeterm ned period of tine 25 and a desired

signal voltage can be witten to the pixel, 18 August 2006 15 thus:

i ncreasing the contrast even at |ow tenmperature. Anot her di sadvant age

wi t hout pre-charging is that, as shown by the dotted lines in Fig. 2, the
potential Vp of the pixel electrode with the Iiquid crystal capacitance
~Cc 5 cannot reach the desired signal level within a predeterm ned period
of ti methpsi §ndirsadvant dge contoasteabkr, atpaevi tamaergtwieh the signal for
R which is sanpled last during B, G and R sanpling in that order. Thus,
the contrasfnepher disgieartyIdeyt Bt #reoraeding attrdaton 20 the ot her
hand, pre-chargi ng as described above brings the 1Qotenti al Vp_of the pixel
el ect r o§& oW kYt kBel Agtit@dcAyaeal incEpdei LanteoPsteBtint YR oof etf®vel , and
thereby the_ potential Vp of the Ei xel electrode with the Ijguid crystal
capaci t Bi¢E1CPS eCAROHEa¥ A thhENGed FHBYdsFERAFAT eGRP2GEFRRES WHEhin a
pre tern‘ineg eriod of tine. nsequent | a.cgromaticié shift at |ow
{enpbr aFGPEoCancBE gFBGt 15 SBHCBAS < n  TE! oRbbRt-Ront PHESEF B Shove, t he
common yol. tage YoM appl LEd tg; Lhe SQURLEr: €' 8611 0dgs, &f the Tiquid crystal
'1;) particularly with the signal for R, which is sampled last
7 during B, G, and R sampling in that order. Thus, the

contrast for R is greatly degraded at low temperature. On
10 the other hand, pre-charging as described above brings the

potential Vp of the pixel electrode with the ligquid crystal

capacitance Cls to the middle level, and thereby the

. potential Vp of the pixel electrode with the liquid crystal

capacitance Cls can reach the desired signal level well
15 within a predetermined pericd of time. Consequently, a

chromaticity shift at low temperature can be greatly reduced.
i;)' : In the embodiment described above, the common voltage

'VCOM applied to the counter electrodes of the liquid crystal

cells LC is used for the gray-scale level as obtained when
20 no voltage is applied to the liquid crystal. A reference

voltage other than the common voltage VCOM can also be used:

a voltage applied to the electrodes of the storage

capacitors Cs adjacent to the Cs lines, for example. This

voltage has a level substantially equivalent to that of the

25 ‘common voltage VCOM and can be used for the gray-scale level




~cel s LCis used for the gray-scale |evel as obtained when 20 no voltage
is applied to the liquid crystal. A reference voltage ot her e common
. voltage VCOM can al so be used: a voltage applied tot hengl%lgﬁ?tgbéjgg of the
storage capacitors Cs adjacent to the Cs lines, for exanple. This voltage
has a | evel substantially equivalent to that of the 25 common vol t age VCOM
and can be used for the gray-scale level --- - - --- - - -
---------------- ]68 August 2006 16 as obtai ned when no
st nanel y, the pre-charge signal
Psig. If a voltage applied to the el ectrodes of the storage capacitors Cs
adj acent to the Cs lines is used for the pre- 5 charge signal Psig, the Cs
driver (amotorshdwed whdre fd gurles)gd ars dyppdidregd ttre Cse | 1impsid Sometdde used
for the pre-charge switch (pre-charge driver) 19. In this case, the Cs
driver rearelyor radild prive chenrpgesedgoilaPENVGS i nverter, and therefore does
not allow much direct current to flowin the circuit 10 thereof.
Pre- char gi nglfsaavebtagd¢anrngéedstonthpatl etierodes eharlye #EPXATIS (Cs
driver) accounts for half the charging/discharging required in the output
ci rcui t ERRLE§raciCecadipesntt ke dheaCar LéBps13S vREY FeduEPRgPERE current
consunption in the outpuyt circuit. This advantage greatly 15 contrjbutes to
the P owSHGREE- EdASaHpEESH - déseghSofiTEKE™ I'PgGi § EWgsiLBI té?sSF%{‘g}rﬁﬁ ice. The

forgo'n%o%n%%q%g%gttﬁ%scgeﬁgnggsiglggg %%tﬂsed for the pre-charge

:h) switch {pre—-charge driver) 19. 1In this case, the Cs driver

\ can normally be composed of a CMOS inverter, and therefore
does not allow much direct current to flow in the éircuit

10 _ thereof. Pre-charging is also advantageous in that the pre-
charge driver (Cs driver) accounts for half the
charging/discharging required in the output circuit (analog
circuit) of the data driver 17, thus reducing the current
consumption in the output circuit. This advantage greatly

15 contributes to the low power—consumption design of the
ligquid crystal display device.

;Q) The forgoing embodiment has been described with
reference to, but not limited to, a liguid crystal display
device employing the VCOM reverse driving system. 1In other

20 words, the present invention is ﬁot limited to VCOM reverse
driving but is also applicable to a common voltage VCOM
fixed to a particular DC voltage. In this case, the voltage
applied to the electrodes of the storage capacitors Cs

- adjacent fo the Cs lines, that is, the potential of the Cs

25 lines 15, is also fixed to the common voltage VCOM or




~ reference to, but not limted to, a liquid crystal display device

enpl oying the VCOM reverse driving system In other 20 rd resent
~invention is not limted to VCOM reverse driving but i2q§H§gm§§§P?cab|e to
a common voltage VCOM fixed to a particular DC voltage. In this case, the
voltage applied to the electrodes of the storage capacitors Cs adjacent
to the Cs lines, that is, the potential of the Cs 25 |lines 15, is also
fixed to the common voltage VCOM or_ 18, August 2006 17 anot her DC | evel .
The enbodi nent descri bed above has been described by way of an exanpl e of
a liquid crystal display device enploying the selector drive system The
present invention 5 is also applicable to techniques other than the

sel ect oenodhiare DSy desiel .Sone of these ot her techniques are the |ine-
at-a-time driving system in which the display signals for each row of

pi xel s in th&hgi spPaginres dgsaribsdnpPerealss dpeepdeseritith Whe
hori zont al p%riod to supply the display 10.si%nali to thecdeta i nes, and
t he  poi W&¥afaof FEagPilF G asydfBif ChRYRPEhILRBLaYsPPYYC8i gnal s for each
RN P M RG T R IR TR R RIS
Oresent L] Q0;hs AR € parbholar! Kibe 15ihe, 00 pLyaLiggt e driving
- lsgvn\rlp' ed 3%t sy sthfducedy et BYs fXOLPLLLAG 20 AAYANLE9G LA 03l jbading at
'h) "at-a-time driving system, in which the display signals for
| each row of pixels in the display area 14 are sampled all at
once within one horizontal period to supply the display
10 signals to the data lines, and the point-at-a-time driving
system, in which the display signals for each row of pixels
in the display area 14 are sequentially sampled within one
herizontal period to supply the display signals to the data
lines. If the present invention is applied particularly to
15 the point—at—a—-time driving system, the period of time for
writing the signal for the pixel to be sampled last is
-;) reduced, thus exhibiting an advantaée in that shading at low
temperature is reduced.
Fig. 4 is a block diagram illustrating a typical
2b structure of the liguid crystal panel according to the
embodiment described above. The same symbolé in Fig. 4 as -
“those in Fig. 1 refer to the same components.
In the abeve structure, the data driver 17‘is

implemented as an IC on a glass substrate 21 by COG (Chip On

25 Glass). The positional relaticonships among the display area




* tenperature is reduced. Fig. 4 is a block diagramillustrating a typical
20 structure of the liquid crystal panel according to th &5‘&?:% nt
descri bed above. The sane synbols in Fig. 4 as those in I§| refer to

t he sane conponents. In the above structure, the data driver 17 is

i npl emented as an 1 C on a glass substrate 21 by COG (Chip On 25 d ass).

The positional relationships anong the display area 18 August 2006 18 14,

the data driver 17, the selector swt 18, and the pre- charge switch 19

on the gl ass substrate 21 are sane asdn Fig. 1. In Fig. 4, however, the

scan driver 16 is not shown. The data drlver 17 receives external setting
signals PRML, 2, 5 and 3 via a flexible printed circuit board 22, where the
setti ng 1< ,gridles dRRMIL dr2aveand 73 déeesrilrethowsaitoht 18l asdgbht PRS-
described belowis output. In a 1F reverse driving node or during

non- di spihe@ygepemildghi ASaopaithieablmsdesubhérdaea2dr hver sameoaspl®s the 10

control signal PRS that defines whether or not to nmake the pre-charge

switch Fddactli-ve Iqudilng the Neoiavagnt diheplsadd iy ivian divalls TrHe @ dri ver

17 further outputs the ay scal e signal as obtained when no voltage is

“appl i ed & tdl?@al IGHET clry SteAIS I itEmENE e TR iyl e BigfalFRErvidg as

t he re 15 ¢char.ge si_gnal PS|8 For thi s gray-scale gnal as obtained when

no vol t &€ | V&%plal EderdPLRePFiRGRE ELYSEAF, b?ﬂédc%%m‘ﬁheﬁ‘alpéﬁe VCOM i s

used 'n th%l%gbgggﬁgﬁt gﬁﬁitlg?dangogedetermlne how a control

‘M) signal PRS described below is output.

In a 1F reverse driving mode or during non-display
period in a partial mode, the data driver 17 outputs the
10 | control signal PRS that defines whether or not to make the
pre-charge switch 19 active during the horizontal blanking
interval. The data driver 17 further outputs the gray-scale
'signal as obtained when no voltage is applied to the liquid
crystal, namely, the gray—scale signal serving as the pre-

15 charge signal Psig. For this gray-scale signal as obtained

when no véltage is applied to the ligquid crystal, the common
é). ' voltage VCOM is used in the embodiment described above.
The output terminal for the control signal PRS on the
* data driver 17, the PRS terminal on the test pad 23, and a
20 level shift circuit 24 on the glass substrate 21 are
electrically connected to one another by wiring 25. The
control signal PRS output from the data driver 17 is
éupplied to the level shift circuit 24 through the wiring 25.
The level shift circuit 24 shifts the conﬁrol signal

25 PRS from a first voltage level, such as 3.3 V, to a higher




~.The output termnal for the control signal PRS on the data driver 17, the
PRS term nal on the test pad 23, and a 20 level shift ci | n the

gllass substrate 21 are electrically connected to one anotﬁggh%?gaﬁpfng 25.

" The control signal PRS output fromthe data driver 17 is supplied to the

| evel shift circuit 24 through the wiring 25. The level shift circuit 24

shifts the control signal 25 PRS froma first voltage |level, such as 3.3V,
to a higher 18 August 2006 19 secondlyqltage | evel , such as 7.0 V. The

control signal PRS which has undergone | evel shift is given to a pul se
generating circuit 26 for generating the pre-charge pulse PCGto control
whet her or not to generate the pre-charge 5 pul se PCG The pre-charge pul se
PCG gene¥egat e ttlegepllestel gevartatdsng -6 Moui Thee dontgiotes igoailhBRS
pre-charge switch 19. The output termnal for the pre-charge signal Psig
on the hfareunferaghe fevelt ebdiffali sogigenedo pagud®e and the
pre-charge switch 19 are electrically connected to one 10 another by
Wi ring ZENeHE IR Aagd d%far Bsrgretipgt theoRrenshdaos aviver 17 is
supplied(%§1}he prezﬁrarggasmjtch 19 via the mﬁrin% 28. Furthernore, the
TV t er MaIt%orC SFPE O CEF O PeRREabEatd®2PTerRE2FRB terninal of
t he %est ad %7, ang 15 the_ pre-charge itch 19 ar | e ricagl
conndct &4 16 NS -an _ePrﬁyqﬁaﬁﬁﬁgP?é?eAﬁ%ExEEPﬁ§F%8§n£?o%h§iBH FXTNB is
1 nput t(ééﬂg%é¥g§gt%&?5%%% %% E@egﬁb%é'?EetRE'BESQC%EE%%'%witch i9.
-‘,) The output terminal for the pre-charge signal Psig on
o the data driver 17, the Tsig terminal on a test pad 27, and
the pre-charge switch 19 are electrically connected to one
10 another by wiring 28. The pre-charge signal Psig output
from the data driver 17 is supplied to the pre-charge switch
19 via the wiring 28.
Furthermore, the TMS terminal of the flexible printed
circuit board 22, the TMS terminal of the test pad 27, and
15 the pre-charge switch 19 are electrically connected to one
another by wiring 29. An external control signal TMS is
») _ input to the TMS terminal of the flexible printed circuit
board 22 and is supplied to the pre-charge switch 12 wvia the
wiring 29. This control signal TMS sets the pre-charge
20 switch 19 to a test mode or a pre-charge driving mode.
In the liquid crystal display device according to the
embodiment having the structure described above, setting the
pre-charge switch 19 to the test mode using the control

signal TMS input via the TMS terminal of the flexible

25  ‘printed circuit board 22 causes a test signal Tsig to be




“.board 22 and is supplied to the pre-charge switch 19 via the wring 29.
This control signal TMS sets the pre-charge 20 switch 19 ¢ de or
a-pre-charge driving node. In the liquid crystal display 52%?%%?%%¥g?ding
to the enbodinment having the structure described above, setting the
pre-charge switch 19 to the test node using the control signal TMS input
via the TM5 termnal of the flexible 25 printed circuit board 22 causes a
test signal Tsig to be 18 August 200 (329 input via the Tsig term nal on
the test pad 27 and to be given to t'he pre-charge switch 19 via the wiring
28, thus allowi ng a panel display test to be perfornmed wi thout the driver
| C (data driver 17). In this case, the pre-charge 5 switch 19 functions as
a test swuimch viy tihe Ifsidatt@ rdvinedr oh7 thepltestnped, 2fhendohbrbk signal PRS
output fromthe data driver 17 nmakes the pre-charge swtch 19 active
duri ng tH&Sortioz direalPusi-ohleingg istidchal? vilhushgl Wowilng pPe- ERBBgi ng, where
the pre-charge switch 19 10 wites the pre-charge signal Psig before the
dat a dridfdPVERT v iPeEe 1t Ke ssilgyaltess tRePgabgriPrBetoriEhentptRel in the
display area 14, as described in the_foregoing enbodi ment. On the other
hand, i AHRen EQriddtag drdveise “hode I8r thddr FA§Sr hENRoRF B SPREYSperi od in
t he parti al nnqg, t he 15 control signaI,PRg out put fromthe data driver 17
maked t K&+ 55 e 1ohdFQEtRPtcAS18 FR5Et PY&tGhring the horizontal bl anki ng

interval, thwitgi%ﬁgl&anpagigggrg%r@hﬁi%&éﬁ%é ,rtvgrgghtrol signal
;;) PRS output from the data driver 17 makes the pre-charge
- switch 19 active during the horizontal blanking interval,
thus allowing pre-charging, where the pre-charge switch 19
10 writes the pre-charge signal Psig before the data driver 17
writes the signal to the data line for each pixel in the
display area 14, as described in the foregoing embodiment.
On the other hand, in the 1F driving reverse mode or
during the non-display period in the partial mode, the
15 control signal PRS output from the data driver 17 makes the
‘"pre—-charge switch 19 inactive during the horizental blanking
”;) interval, thus disabling pre-charging in the iF reverse
driving mode or during the non-display period in the partial
mode. This approach furthexr reduces power consumption in
20 the liquid crystal display devicé.
| In more detail, the 1F reverse driving mode can
allocate a longer period of time for writing signals to
ﬁixels, and hence suffers from less loﬁ contrast at low
temperature than with the 1H reverse driving mode. This

25 advantage of the 1F reverse driving mode allows pre—charging




~ driving node or during the non-display period in the partial node. This
approach further reduces power consunption in 20 the |iqyied di spl ay
device. In nore detail, the IF reverse driving node can qéﬁ?%%%?%ﬂg | onger
period of time for witing signals to pixels, and hence suffers fromless
| ow contrast at low tenperature than with the 1H reverse driving node.
This 25 advantage of the IF reverse driving node allows pre-charging 18
August 2006 21 to be disabled, thus contributing to a reduction in power
consunption by as much as the pomef’ﬁéquired for driving the pre-charge
switch 19. During the non-display period in the partial node for a 5
normal | y-white liquid crystal display device, for exanple, the white
si gnal it® Wwe dtiertled, héhdat aohtnébusanph&b theednohidisphayo@era appears
white. This operation is equivalent to witing the conmon voltage VCOM
‘ser vi ng cassuRet igne byhasgaushgaal thsi govert heqdarad| faesdrevingniliéng t he
10 need for re-chargin%. This also allows pre-charging to be disabled to
reduce pPRechedFIsusptitén. 1Bi.g. 5 is a schematic drawing illustrating the
outline of a portable termnal_ such as a portable tel ephone according to
the present PRUERE bBhe RS THESRERY abfele@l Ehhbhe Rt APdd e @
enbodi nent i ncludes a_speaker section,421 an outgut gispla Sfction 43,
‘an oper ACFRGLILECTTON 44 UAT GTRPEROPHOMBLEECHPBACAS 0Tt FktTPLe,

the white signal is written to the data lines so that the
-) non—-display area appears white. This operation is
- equivalent to writing éhe common voltage VCOM serving as the
pre—-charge signal Psig to the data lines, eliminating the
10 need for pre-charging. This also allows pre-charging to be
. disabled to reduce power consumption.

Fig. 5 is a schematic drawing illustrating the outline
of a portable terminal such as a portable telephone
according to the present invention;

15 . The portable telephone according to the embodiment
includes a speaker section 42, an output display section 43,

'-~) ~ .. an operating segtion 44, and a microphone section 45 in that
order from top to bottom of the front surface of a device
.casing 41. 1In the portable telephone structured.as

20 _described above, the liquid crystal display device according
tc the fotegoing embodiment or the example is ﬁsed at the
.output display section 43.

The output display section 43 of such a portable
telephone is provided with a partial display mode: a display

25 f_function in a standby mode in which images are displayed in




- order fromtop to bottomof the front surface of a device casing 41. In
t he portable tel ephone structured as 20 descri bed above,lgqguﬁkggbﬁ crystal
di spl ay device according to the foregoing enbodi ment or the "exanple is
used at the output display section 43. The output display section 43 of
such a portable telephone is provided with a partial display node: a
display 25 function in a standby node in which i nages are displayed in 18
August 2006 22 part of the screen inthe vertical direction. In the
standby node, for exanple, information about the remaining battery power,
-receiver sensitivity, or time is always displayed in part of the screen,
as shown in Fig. 6. The 5 non-display area other than the display area
appear s pahtitt f ftoe acmeemaliny thei verkigailddérgstapndi sphayhdevi ce or bl ack
for a normally-black |liquid crystal display device. Thus, the portable
t el ephofd-anddVyi dedew £R t REapptlput indpsprayoseebpBh 4Be rewaining |jquid
crystal di-splay device 10 according to_the foregoing enbodi nent or
modi f i cRAGTHRPOPELT oF REFA¥SENAPEERG LBy ©6 WETEi A§ ERE2WPspl ay signal s
to the igﬁls En,order t o _enhance the contrast characteristi%s over a
wi de gu&@ﬁ 88§%pBr BEFhgOfeiPér SCHFERr aReShOVRr tRchEdr | §- at TFOw
. tenpgrature,,.thereb exhi%’tin superior,.15 i mage di splay in _an_environnment
Cat ahy PORGEEPIFE. S*RRoPRBPTadVRRt K08 TESDhAY Pres cREPGTRD TA: Hsabl ed in
‘the nondispl ay, ALeR, L 061 RA" 158l 4' 8P a¥a1 Nal 081 $13REDY IPE piack
. ) for a normally-black liquid crystal display device.
o Thus, the portable telephone provided with the output
display section 43, i.e., the liquid crystal display device
10 according to the foregoing embodiment or modification may
perform pre-charging prior to writing the display signals to
the pixels in order to enhance the contrast characteristics
over a wide guaranteed operating temperature range,
particularly at low temperature, thereby exhibiting superior
15 image display in an environment at any temperature.
Another advantage is that pre-charging is disabled in
:a) the non-display area for partial display in the standby mode
to reduce power consumption in the output display section 43
by as much power as consumed by the pre-charge driver, thus
20 allowing long-term operation with one battery charge of the
main power supply.
The foregoing embodiment has been described by way of
an example of a portable telephone, but not limited to this.

The presént invention is applicable to other portable

25 terminals such as PDA (personal digital assistants).




* to reduce power consunption in the output display section 43 by as nuch
~power as consuned by the pre-charge driver, thus 20 aIIoWgMbéﬁﬁgmgerm
operation with one battery charge of the main power supply. e foregoing
enbodi ment -has been described by way of an exanple of a portable
tel ephone, but not limted to this. The present invention is applicable to
other portable 25 termnals such as PDA (personal digital assistants). 18
August 2006 .23 Industrial Applicapiééty As descri bed above, the present
invention allows pre- charging beforeéthe display signals are witten to
the 5 pixels, where the pre-charge signal is the gray-scale |level as
obt ai ned when no voltage is applied to the liquid crystal to ensure that a
desired signal voltage is witten to the pixel despite the increased
resistance conponent of the |liquid crystal material at |ow tenperature,
t hus enhE&isigE3 AR lderirddsittYchar acteri stics at | ow tenperature while
still suppressing power consunption. 18 August 2006 24 CLAIMS 1. A
liquid cryst & @rsprapedetPeBecolPri BFRFENEi gREFCHPRI AYLABENET$Or writing

di spl a ignals to data.lines in a display area conprising.a matri x of
piXEISY(: %ng efore the display sign%lsyare A riPtRn 36"9n8

5 - pixels, where the pre-charge signal is the gray-scale level
és obtained when no voltage is applied to the liquid crystal

-.w) to ensure that a desired signal voltage is written to the
pixel despite the increased resistance component of the
ligquid érystal material at low temperature, thus enhancing

10 the contrast characteristics at low temperature while still

suppressing power consumption.




pre-charging means for witing a gray-scale level to the data |lines before
the signal witing nmeans wites the display signals to the j-nes, the
lregd“'%’tsﬁdngi d

gray scale |l evel being obtained when no voltage is appl
crystal and serving as a pre-charge signal |evel, wherein the pre-charge
signal level is a white level for gmnormally-white liquid crystal display
device or a black level for a normally-black Iiquid crystal display
device. 2. The liquid crystal display device according to claim1l, wherein
the sigmalammsi ting neans time-sequentially sanples display signals, each
corresponding to a group of adjacent pixels in the same row of the display
area, ddring lémeidorivadatapipetavdievire sopprietndhe display signals to

the data lin d rLein re-char.gi . it he_pr.e- char ge
ianal to tne dan IPREa R e So8 o T RS Hy | $10bdRS S e
di spl ay deitgndlisies3.inThe diilsgplbag atryst abngrspiny dembeeiaceprgingigo claim
1, wherein the signal witing neans sequentially sanples display signals
corresp ing to the pixels in each row of the display area during one

R e e P e
the data lines before the signal writing means writes the
display signals to the data lines, the gray scale level
being obtained when no voltage is applied to liquid crystal
and serving as a pre-charge signal level,
wherein the pre-charge signal level is a white level
for a normally-white liquid crystal display device or a

black level for a normally-black liquid crystal display

 device.

2. The liquid crystal display device according to claim 1,

wherein the signal writing means time-sequentially
samples display signals, each corresponding to a group of
adjacent pixels in the same row of the display area, durihg
one horizontal period, and supplies the display signals to
the data lines, and

wherein the pre-charging means writes the pre-charge
signal to the data lines before the signal writing means

samples the display signals.

3. ‘The liquid crystal display device according to
claim 1,

wherein the signal writing means sequentially samples
display signals corresponding to the pixels in each row of
the display area during one horizontal period ahd supplies

the display signals to the data lines, and




signal to the data lines before the signal witing neans sanples the
display signals. 4. The liquid crystal display device aCﬁ%Uﬂk@&iﬁ@6C|ai”‘1’
wherein the signal witing neans sinultaneously sanples "al I splay
signals corresponding to the pixels in each row of the display area during
one horizontal period and supplies idhe display signals to the data |ines,
and wherein the pre-charging neans wites the pre-charge signal to the
data lines before the signal witing nmeans sanples the display signals. 5.

The |iquid cypnetalndils| gye-davd €8 as GG tiecel @h® bre-vwhRgEEEN the
gray-scale signal is a coomon voltage applied to counter electrodes of

i quid &lpseadl teefne dummstliingsi hgfehe the xaignale wrikhényigedeas cryst al

di spl ay i di t Q. fm1l, wherein the gray-scale signal is a
voItagesg%§F%§d@§%q¥¥#§%y gﬁgég% "storage capacitors, the first ends being
connected to respective counter electrodes of liquid crystal cells
constit tinghthe gixels and second ends of the stgrage capacitors being

‘connect ed t Peld %&?\R¥ﬁﬁ?@%ldé?@&?Voﬁ%%%Qﬁ aqﬂ%gdﬁpauFa E%?EF&L cells. 7.
The liquid cgpstdln disp! sazy%r%v'ﬁei@i‘%&ﬁrr@éﬁ% ts?m‘&h%hffé&usl;‘?hgéﬁe édhe

pre-chargi ng means does not performthe pre- charging 1n one reverse
dri vi ngadddeliisplafi shohhks porresponading he ditsplEixeslignial ¢actberawitten to

cach pixel ha "SYELPEY WLLDY QN8 1] el G Perked SueLy ope,[ig! dppriod 18
August 06
' supplies the display signals to the data lines, and
wherein the pre-charging means writes the pre-charge
signal to the data lines before the signal writing means

samples the display signals.

5. The liquid crystal display device according to claim 1,
wherein the gray-scale signal is a common voltage applied to
counter electrodes of liquid crystal cells constituting the

pixels.

6. The liquid crystal display device according to claim 1,
wherein the gray-scale signal is a voltage applied to first
ends of storage capacitors, the first ends being connected
to respective counter electrodes of liquid crystal cells
constituting the pixels and second ends of the storage
capacitors being connected to respective pixel electrodes of

the liquid crystal cells.

7. The liquia crystal display device according to claim 1,
wherein the pre-charging means does not perform the pre-
charging in one field reverse driving mode in which the
polarity of the display signal to be written to each pixel

‘is reversed during one field period every one field period.




26 8. The liquid crystal display device according to claim1, wherein the
pre-chargi ng neans does not performthe pre- charging dUﬁigf}th NPz di spl ay
period in a partial node that drives only part of the disp @sarea. 9. The
liquid crystal display device according to claim1l1, wherein the
pre-charging means wites an externalg test signal to the data lines in

pl ace of the pre-charge signal. 10. A nethod for driving a liquid crystal
di spl ay device, conprising witing a gray-scale level to data lines in.a

di spl ay gar erheONRius NG rysiBY I X splapi detscdehoceratrd ity cxiisplmy signals
to the data |ines, the gray-scale |evel being obtained when no voltage is
appl i ed e TrEiLguitdcrpseathasfinsenoang 498 pret charfersi ghal Prsrel
wherein - i L i . Whi 1 e . for ly-white
aur o Sraceand ELes 8 ARl By FeA o I A FiBhu A I M Xt o
cryst al dtiispbaynlyewdrme . ofltheAdpgplaplardser m nal i ncl udi ng an out put

di splay section which is a liquid crystal display device, wherein the
liquid crystal display device conprises: signal witing neans for witing

di spl ay gsi gRaleS 1401422k AES gl Bpadi SR AYe 34830 SOMY I15d NGLATBE N i X Of
pi xel s; and pre-charging neans for witing a gray-scale level to the data
| i nes befhereithetlsé gnate~whiadgiggnemasnsy iwmsistashe andi spktayngignst to t he

dat a ||%%%ha&hgog{§gh&g%§ ﬁi%%%ekn place of the pre-charge signal.

10. A method for driving a liquid crystal display device,
comprising writing a gray-scale level to data lines in a
display area comprising a matrix of pixels before writing
display signals to the data lines, the gray-scale level
being obtained when no voltage is applied to liquid crystal
and serving as a pre-charge signal level,

wherein the pre-charge signal level is a white level
for a normally-white 1liquid c¢rystal display device or a
‘black 1level for a normally-black ligquid crystal display

device.

11. A portable terminal including an output display section
which is a liquid crystal display device, wherein the liquid
crystal display device comprises:

signal writing means for writing display signals to
data lines in a display area comprising a matrix of pixels;
and

pre—charging means for writing a gray-scale level to
the data lines before the signal writing means writes the
‘display signals to the data lines, the gray-scale level
being obtained when no voltage is applied to ligquid crystal

rand serving as a pre-charge signal.level,




bei ng obtai ned when no voltage is applied to liquid crystal and serving as

a pre-charge signal |evel, 18 August 2006 27 wherein th -&Qﬁb e signal
|l evel is a white level for a normally-white liquid crysﬁgpﬁ%Psp ag devi ce
or a black level for a normally-black liquid crystal display device. 12.
The portable term nal according to clbaim1l1l, wherein the output display
section is capable of setting a partial node for driving only part of the
di splay area, and wherein the pre-chargi ng means does not performthe

pre-chargi ngwHekeNg &hBOoHrdH-$hhadyePayii@dl mdha past halyhivedeevel
for a normally-white liquid crystal display device or a
black level for a normally-black liquid crystal display

device.

12. The portable terminal according to claim 11,

wherein the output display section 1is capable of
setting a partial mode for driving only part of the display
area, and

wherein the pre-charging means does not perform the
pre—-charging during a non-display period in the partial

mode.




