. e3ee "alLcjcx.eb6deTear> DESCRI PTION LI QUI D CRYSTAL DI SPLAY DEVI CE, METHOD
FCR DRI VI NG SAME, AND PORTABLE TERM NAL 5 Technical Field The present
invention relates to a liquid crystal display device, a method for driving
‘the sane, and a portable termnal. In particular, the pres wfm m‘mlm 10
relates to an active matrix liquid crystal display device u
pre-charge system a nethod for driving the sane, and a portabl olsgr m nal
havi ng such a liquid crystal display device at an out put dlsplay section.
15 Background Art Portable term nals such as portable telepm wmmmmm“
becone increasingly popular in recent years. Such portable mmmm
typically use a liquid crystal display device for an output disp
section. These portable terninalzng%gyﬁ%? quently used outdoors, and
therefore, are required to ensur ration over a w de tenperature
range. The lower limt of the guaranteed operating tenperature range is set
to an extrenely I ow | evel such as about -30(err) C.

LIQUID CRYSTAL DISPLAY DEVICE, METHOD FOR DRIVING SAME, AND

PORTABLE TERMINAL

Technical Field
The present invention relates to a liguid crystal
display device, a method for driving the same, and a
portable terminal. 1In particular, the present invention
10 relates to an active matrix liquid crystal display device
using a pre-charge system, a method for driving the same,
and a portable terminal having such a liquid crystal display

device at an output display section.

15 Background Art
Portable terminals such as portable telephones have
become increasingly popular in recent years. Such portable
terminals typically use a liquid crystal display device for
an output display section. These portable terminals are
20 frequently used outdoors, 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 about -30° C.
At low temperature, a liquid crystal display device is

25 disadvantageous in that the frequency characteristics of the



At low tenperature, a liquid crystal display device is 25 di sadvant ageous
in that 'the frequency characteristics of the - 2 liquid crystal
di el ectric constant are degraded, causing the contrast at |ow tenperature

- 'to becone low In nore detail, referring to Fig. 3 show ng an equi val ent

circuit for a unit pixel, the resistance conponent R of the liquid crystal
5 material increases at |ow tenperature, thus preventing the pixel

el ectrode, with a liquid crystal capacitance Cc, frombeing sufficiently
charged within a predeterm ned period Df-tine. Consequently, a desired
signal voltage cannot be witten to the pixel, causing the contrast to
becone low. 10 This problemof |ow contrast at |low tenperature is notable
parti cul . L i 4. dj eyice d .1 ow,_yol t age
o reducs povar Snkiimt Lot ale LB Ep ST ETaPRERBLE. BhnBibd HS, 1o
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15 above, a higher voltage may be applied to the [iqu! crys capaci t ance
Cc; howevesyr ik StaPP{QaCh PEOFUCESaANOLHEY 2 PERD! emeifchf&rtgeuﬁy&put
circuit of the data driver for driving the data lines requires a high

current ERPEC] tihe t HUISI SONSEET BEPOHHENPOMEE £ aPHe OCEYRYENGrfstatger circuit
20 area. A selector drive system enployed in a color liquid crystal

di spbay mievéceal | Snerd®sés knoWowyséepethatradl | oMest Preeesoing shanal s
corresponding to three horizontally arranged colors to be tine-sequentially
sanpl ed miztdil ne beet 2oddprirzomt &l 1 peniddcapgdtibesapatitenceéoctbe dabm |ines
in the - 3 display area, thus reducing the nunber of outputs of the data
driver theme-shificiémtbucthardeduviltbiyssaprddspéayidedi pereopl oyi ng the
sel ector drive system three color signals are sequentially sanpled within
one horiZomtal Grpeedeentind & héeeived, shoshbrveltpeei odnnbttbae is
allocated, in particular, for the third sanpled color. This problemis nore
not i ceabfel aEe} ovf tERpeP X el e FoOVSiRG FeaserstHestrfpebeapveeloTfhus, a
desired signal voltage cannot be witten to the pixel of the third sanpled
col . As a rddd PrIHEM IR £INGFathert My SRFRR LW okS becones
significantly |low, causjng a chromaticity shift_ (chromaticity
deterior%ﬁ??#%? ?%F9+%%i%?lYhéna%o%éqﬂéchFb%HabrGbFEﬁ?yi@eVécﬁn obj ect of
t he present i@v ntjon 1o proi%de a Iiguid cryst al disgla 15 deyi ce that
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suppr essi 0 S I on and_that reduc a,chromatici shift if the
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15 above, a higher voltage may be applied to the liquid crystal
capacitance Clc; however, this approach produces another
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 occupying a larger circuit

20 area.

A selector drive system, employed in a color liquid
crystal display device, 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



20 a liquid.crystal display device at an output display section. D sclosure
of Invention In order to achieve the object described above, according to
the present invention, a pre-charge signhal 25 level is witten to each data
Tine in the display area - 4 before the display signal is witten to
each data line, that is, the pre-charge signal |evel which is equivalent to
the gray-scale | evel as obtained when no voltage is applied to the liquid
crystal. The gray-scale |level as obtained when 5 no voltage is applied to
the liquid crystal is the white |evel 3of nornmally-white liquid crystal

di spl ay devices or the black Ievel for normally-black |iquid crystal

di splay devices. In the liquid crystal display device, the resistance 10

: he_ligui I ial i I
Georade theHEartrdy Bt Ko Bhe L ChOGim b e FRRE ooy Bt FORGR et
constantys diii - {eoul LS blelahlpie 1R, WiLE 2 fEgi18d-2008) yollpdg to the

i
pi xel electrode wth a I'iqurd crystal capacitance W n-a pre m ned 15

peri 00 dheti 8. erl1 Sy ehGofRe {061 BDOYLRALY ONEds PLAD! ek o8 LbgyLd crystal

di spl ay device according to the present 1nvention wites the gray-scale

| evel asspbhaideshaheaqhonvohi pgesdmpepplhednie the hbguidnerystal to the
data lines, prior to witing display signals to the data |ines, where 20

the graypseade, | enel thepetbo8S aSsBoPLerchardedsiognalimeeved 4 Tiis tl || Vi ng
of the data |lines can be started with the gray-scale signal |evel; in other

wor ds, aidesiretcsignal fopl tiegetgand bgamplédesol Ort herdas aptbpesmWithin a
shorter period of tine. For the reason described above, even if the 25
f requenayochanact esalst ¢ cat ofow heetpeua thuee ysd Al tHeeregsdhe descbibeanst ant
are degraded at |ow tenperature, a desired signal voltage can be witten to
t he pi xedbevect rbaes w ¢ hdesiredi signystadl tapacciance beéthrhtaen to
predeterm ned period of time, thereby increasing the contrast at |ow
t emper atthe. P@kief Beackhprd ovempledecOt @ni ngds Frgreduis, atbercui t
di agram of an active matrix liquid crystal display device according to an
enbodi meFenbrasheof the third sampled’ color becomés significantly
low, causing a chromaticity shift (chromaticity
deterioration).
In view of the above-described problem, it is an object
of the present invention to provide a liqguid crystal display
15 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 liquid

crystal display device; and a portable terminal having such

20 a liquid crystal display device at an output display section.

Disclosure of Invention
In order to achieve the object described above,
according to the present invention, a pre-charge signal

25 level is written to each data line in the display area



present invention. 10 Fig. 2 is a timng chart illustrating the tim ng of
witing'a black signal to a G pixel when the B, G and R signhals are
sanpled in that order in a normally-white liquid crystal display device.

. Fig. 3is acircuit diagramshow ng an equivalent 15 circuit for a unit

pixel. Fig. 4 is a block diagramillustrating a typical structure of a
liquid crystal panel according to an enbodi nent of the present invention.
Fig. 5is a schematic drawing illustrating the outline 20 of a portable

t el ephone according to the present invertion. Fig. 6 shows a typical
appearance of an output display section. Best Mdde for Carrying Qut the

I nvention 25 Enbodi nents according to the present invention will now - 6

be descrj in.detail with .reference t.o the attached,drawi.ngs. Fig. 1 is a
Bcé{goq:é K &spl ¥ S ghal iis Wit teh r%/osteﬁcmdidsagﬁaay]d%/ﬁ Cté’l%(cc

circuit gram of an ‘acti ve rix liquid'c ordi ng

to an @diﬂw?%rg%—%}gﬁ%%e%ﬁali rhve%J]i %icﬁloriscoer&ﬁ%maq%%ec éohecl'ﬁenbOdi ment

e
will 5 be descri an exanpl e '1'n which pi Xel " artfay has four

rove by gl dy Sl o iR &ld 1Mk dihdd Ginch HANRILANRS -dhdid - and dala

lines 12-1to 12-6 are wired In a matri X. pi Xe eﬁoeach of

the int engecti Ay Urf&igat erdd nesandhG data gl ifeslesaidbeh apove, all
the pixels 13 together thus _

5 no voltage is applied to the liquid crystal is the white
level for normally-white liquid crystal display devices or
the black level for normally-black liquid crystal display
devices.

In the liquid crystal display device, the resistance

10 component of the liquid crystal material increases at low
temperature to degrade the frequency characteristics of the
liquid crystal dielectric constant. This results in failure
to write a desired signal voltage to the pixel electrode
with a liquid crystal capacitance within a predetermined

15 period of time. To overcome the abovementioned problem, a
liquid crystal display device according to 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 iines, where

20 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

25 frequency characteristics of the liquid crystal dielectric



formng a di'splay area 14. Each of the pixels 13 includes a pixel

transistor TFT (thin filmtransistor) having its gate el ectrode connected
to the corresponding gate line (one of the gate lines 11-1 to 11-4) and its
‘'source electrode (or 15 drain el ectrode) connected to the corresponding
data line (one of the data lines 12-1 to 12-6); a liquid crystal cell LC
whose pi xel electrode is connected to the drain electrode (or source

el ectrode) of the pixel transistor TFT; and a storage capacitor Cs
connected in parallel with the |iqui-d®06 crystal cell LC. In the pixel
structure descri bed above, the counter electrodes of the liquid crystal
cells LC are commonly connected anong all pixels. A common voltage VCOM i s
appl i ed 0 Lguid crys . 25.cells LC. For 1H
(H repr eés%n%ég‘ﬁlfﬁ%% g%erﬁ aafe&%ieréj%csil)oq% e%%?%‘ief%%eri V‘%/ négéagolrrzﬁqz s(Jrgr}aelpr esents a
peri od i £ ) . drd vi [ bel-ow, 1 he

i Spl ay o ra e 1o B e tTen 1S (he daree] | e 50 vt edd

pol ari t y&eusrSecd- hd &y £ SSREGH 1105 4 i S LMDVl d 2GS MEM o 6 {4}pd he i quid

crystal di'splay device according to the enbodi nent,” VCOM reverse driving is
al so enmpteshy r&r\w@énslt% SR VOl 4 @08 VIGM i syt ity - reversed every
1H period or 1F peri od. en this VCOMreverse driving is used together

wi thslH reverse driving or 1F reverse driving, the 10 operating power
voltage of the output circuit of the data driver described bel ow can be
hal f of Bidf Ve MM srevef sehalrbvawigngs not used, thus allow ng the data
driver to be operated at a | ower voltage. The common voltage VCOM i s

suppl i ed as adiqal tlerimatee clif ordltt ajegaanh cah aanpldtivde neithsitantiicalildy equal
to that of the display signals used: 0 to 3.3 V, for exanple. Wen signals
are witemrsttal tdiespliacel det et racesrding heo | aguenbedstat el tlse LC t hr ough
the pixel transistors TFT fromthe data lines 12-1 to 12-6, factors such as
par asi t iRr *HPHei yaRIE- 20" cause a voltage drop at the pixel transistors TFT.
For this reasagn, in practice, an _alternate voltage with an anplitude

shi fPed by t KéS%ol%t dde adrtopring shaatt daiius tudd Horthen & isgmmp fvol t age
VCOM Along with this VCOMreverse driving, a voltage which has the sane
anpl i t udEF Bt the? AT &Yt 25 ORI EREH WRSR hERE BolGr 459 rRversed i n
synchronizati.on with . the commonp vo]tage VCOV | s lied to, the

el ect r ode 5 & haer%t%ei"%%]eg%gp‘écﬁ%? sofge%d}%c n?o’frﬁ)aﬂﬁé'@gﬁ?ﬁ ett Bt r odes

via the c%s SI iaglesdils5 1(§ hedea_\gi'cacent lines to the counter electrodes) . 5 A
scan driv r'i serk d’as (eFT 1 cal driving neans is disposed, for exanple,

(0,1 Lel! gade o s es. Mool Sy Y AR, SpUGIL L1y o ves
pi xeks ]@ilaéuiattfd@.a%rgpgapggéygr 17 is disposed, for exanple,
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 illustrating the outline
20 of a portable telephone 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




10 above the display area 14. A selector swtch 18 is disposed between the
data driver 17 and the display area 14. A precharge switch 19 is disposed,
for exanple, 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 predeterm ned order such as B, G and R In
this case, the display signals are output for each group of three col ums
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 signals is

ti me-sequentially output within the 1H period. At this tine, the polarities
of these color signals are reversed every 1H with respect to the comon
vol t age /! .t his. manner.. 1H reverse driving i.s perforned wherein the
pol ar i tybegg%#eﬁakf%ﬁolﬁ@ {‘l‘?%anla]r b SEE RPN e t%heeaac%téb(f}%ee‘]sj 13 is
rever sedy.ever H .- | OWer - savi de. the data driver 17
repeat e Iye/avglur%/%%‘t S }%Jh% %L J(’é] %n%%?%%?o%%%‘%l%f e‘—’\llrér?/c%ln\ée fIPaé?ldl%eri od
(1F). Aty thisytd itk es: sign ver sed
Cery 1P TR oot T e T R BN g Ao e S UL S
driving dife RSFdURA NG € dh | herpol &idan indde disPlyosimial o pe
applied to each pixel 13 is reversed every 1F. Wth 1F reverse driving,

pol api t Yoo avey s bed %hmwlﬁ St diolS 1o el Jushidessrifgauent |y
than with 1H reverse driving, thereby suppressing 10 power consunption of
t he out pidurirews tbwpfsihecsmimnsgri ver 17. This neans 1F reverse driving is
effective in reduci ng power consunption (that is, contributing to power
saving). As aGeSeridiedy alowe,g.t e dafta drinesr 107 lowputis-di=spl ayatsd gnal s
Sigl, Sig2, and so on. These display signals are 15 each a time-sequence
signal ofims G2-ahdt®R ot ®rase gnated olpomemd sriand mrpisepplietsto the

sel ector switch 18, one for each group of two or nore adjacent pixels
(three picxenied dForeaxtanpf ejhé nintersereionw of the pitkellimesyand the

di splay area 14. The selector switch 18 enables the 20 sel ector drive
sysE@m ditfet el itrs dieptaiped gHadee f ol hehpirkrel eok 3 esparithey thusthe three
colors horizontally arranged in the display area 14 are tinme-sequentially
sanpl ed FHR 1P d%ﬂr%PH%&r%aZ-h‘lto Hacly #tm% pheehorlIomaludesiad. 25

More specifically, the selector swiitch 18 has, a group .- 10 of three
anal og sR/ﬂi’fec]hgtsr 50T JRG %hla‘hdéjsld\%l?\tﬁa‘?%%'s?%) dreping sFgnadtsigl, a

group of three anal og switches SWB-2, SWG 2, and SWR-2 for the_display
signal SYFH s%o%h?g%cg thp et‘é‘?ﬁ%%?%n%*n‘? h%aﬁ?laf € stPEehRE in each
group arg, e 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
LC whose pixel electrode 1s connected to the drain electrode
(or source electrode) of the pixel transistor TFT; and a
storage capacitor Cs connected in parallel with the liquid
20 crystal cell LC. |
In the pixel structure described above, the counter
electrodes of the liquid crystal cells LC are commonly
connected among all pixels. A common voltage VCOM is
applied to the counter electrodes of the ligquid crystal

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



5 connected to one common |ine. The output termnals of the anal og sw tches
are connected to the respective data lines 12-1 to 12-6 in the display area
14. ' In the selector switch 18, the analog switches for the sane color are

- turned ONVOFF in synchronization with the 10 correspondi ng external select
pul se SEL-B, SEL-G or SEL-R applied tine-sequentially. Mre specifically,
the anal og switches SWB-1 and SWB-2 are turned OV OFF in synchronization
with the select pulse SEL-B for color B, the analog switches SWG 1 and
SWG 2 are turned OV OFF in 15 synchr dnization with the select pulse SEL-G
for color G and the analog swtches SWR-1 and SWR-2 are turned OV OFF in
synchroni zation with the select pulse SEL-R for color R The selector drive
system j e\ it t hy S\ dlhjh @% S y signals
Sigl an Sldslz'ﬁ#joar(y'l t]PI;Fe gﬁosrpl e(i%érgésr a‘é‘/nvI e‘g %L?i z %ﬂ?%%ﬁfng%a%@r ow to be

ti e sequentdal o SATpl ot At YRS (oS, 98ty | 41Em 12-21£9:22°6 11

the display area 14 wthi I zont al peri od, I s”advant ages

in that 4 | Pt i 7.+ 0 be
reduced %CE) }géhe-t hiééc}?ZESwg?%t h%%%trﬁb%trg%fi%gjt:na&?ieln%gé %ﬂ% %!&(;I?L%%%g’i n the

di spl ay @d®drsed wilth ldesgder PES-GhaE deomibl Cho19ads Wegd. for the

pre-charge system where a pre-charge signal Psig 1s witten to the data
lines 12-1 tanlZife jlusfuikefare tal ding sy tderidat adrdidiesy b kHo 12-6 the
di splay signals Sigl and Sig2 sanpled using the selector switch 18. In nore
det ai |, ¢nmimodumercharg@ZoMwéedrdd dnitimesiasa hanmyempbbpgd Siv t whesh (SW-1 to
SW-6) as the nunber of columms of the pixel array in the display area 14.
One end e oformwawh 0l tdes Verial by pwldches-SHpeldse¢d SYpr$ L8 pennedted to
one conmmon |ine serving as the input termnal of the precharge signal Psig,
wher eas ehelbtprriehd dfhemchhbd YERM soeecnsal dgivimy chesussdconnected to
the corresponding data line, that is, one of the data lines 12-1 to 12-6 in
the 15 die¥teiermrebtn4lH Thevemse odr swirghes HiyprdavensS\grbvare, t thaed

ON CFF in synchroni zation with the pre-charge pul se PCG which is applied
ext éPnal IBRIR I tRPHe Y9198 ePbcthpupeePSELCBrcnbly, of eth@sdabe what

h i f. -¢ch ' i t 20 f d i liquid tal displ
devi ce GHpTEYT rfiF e BTFal Rl i 0 ahe 02 Freo B ForhgVegRt URPH  Fevmgse
-ch . Si | Psi i t itt tp the d | i 12-1 to 12-6 |
Slch & 1T 853 0k ATt bt of LT BPaph By S BRarE &Gl Cand®si g2 are
itten, ' t 25 I ti f i | s bei
witten ?Ige%%{e&ga%ga% gfé‘géﬁg\?ﬁfggggurren resulting fromsignals being

witten i nes 12
The common voltage VCOM is supplied as an alternate

15 wvoltage with an amplitude substantially equal to that of the
display signals used: 0 to 3.3 V, for example. When signals
are written to the pixel electrodes of the liquid crystal
cells LC through the pixel transistors TFT from the data
lines 12-1 to 12-6, factors such as parasitic capacitance

20 cause a voltage drop at the pixel transistors 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 which has the same amplitude as the common voltage

25 VCOM and which is polarity-reversed in synchronization with



to 12-6 duri-ng 1H reverse driving descri bed above generates noise, such 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

char ge/ di scharge current caused by signal witing, thereby reducing noise.
Unfortunately, pre-charging of a signal simlar to the pre-charge signa
Psig for inproving the |ow tenperature 10 characteristics |leads to an

i ncrease in power consunption. In ordey 40 suppress power consunption
caused by this precharging, the liquid crystal display device according to
t he enbodi nent uses the pre-charge signal Psig which is the gray-scale

| evel as t aj en._no_ v, ge. i s lied to 15 the liquid crystal, that
is, the Bkggy‘?é@gig%w?%g%‘?‘g%qﬁ%@l Lo R TR TR £ el%%%‘?q% 5% %br et | y-whi te
liquid c di [ ; I v a_nornal | y- bl ack

i qui d cryatdve raB Yl GE At b BT rred Tt P S ERRER 0% 4EE oo
is equiv. t0; ays : tal ne no voltage is
appl i ed ?%§P%% ?%%%?dg%rygggf%&?%§§E%tﬁ%pﬁﬁi?g- e%e?o orgﬁ normal | y-white
liquid cgystelogispl ay device, for exanple. The liquid crystal display

devi ce according to the enbodi nent, therefore, uses the conmmon voltage VCOM
for the pre- ehays HkiRAlr AY GerdA P Aestdddied akove i ddenagtd vies matri x
liquid crystal - 13 display device enploying the pre-charge system may
al | ocat edifgo gedy- 562l €xdmyEd, aso obh @i et WIENtNE dDsbBge hseapphied to the
liquid crystal, such as the conmmobn voltage VCOM for the pre-charge signal
Psi g; tuTle G\ &FRt heepr ks chadgen bis ¢ chir 19e s ntsy nghtoni zacsoniwit h t he
pre-charge pul se PCG just before sanpling, with the selector switch 18, the
desired Wb splay svgrmal on&i fleldiplriandtsosohestupphckedrdwontthexdasa driver
17 to pre-charge the data lines 12-1 to 12-6 with the common vol t age VCOM
and thenl3equent tah¢y tAirdatld ONLGFF 1heiseflesposedw feh ¢8ample,

synchroni zation with the select pulses SEL-B, SEL-G and SEL-Rto wite the
desilPed abpgral tlF‘ht‘é)WWﬁO@?%%pb‘Edi ny pekertas swibelghlBhésddiapbeads 12-1
to 12-6. The advantages of these features will becone apparent in the

f-ol | owi NeCEEReR| PRT ofetasdriyger 217 | #ndt ke edlisRbayi #T0Y gﬁ-wriﬁtpﬁg—t he

bl ack signal to a, G pixel whepn the B, G and R signals are sanpled in that
order in a¥9ﬁu§ﬂlE?€Sf§Ilﬂigb?EQSﬂ%viE%rs%%ﬁmﬁ%ea hetael FyewhieBL#Y qui d
crystal désglgx devi ce. For VCOM reverse driving, the conmmon vol tage VCOM
has a pH%s% 20 teversed relationship with the output signals Sig fromthe
data driver . W.thout .pre- rgin the potential .Sig:Gof the data |ine
for G before Be \nggatv\?ri(% e glrs]ﬁs]% V\%thbey&t}ﬁeoudt&f‘ftesd 1?%&%‘%%’ g. 2, drops
frquthesPﬁhgiQafOXO{ﬁégﬁgiggeéélépéF @ﬁafsis[tbiﬁeagﬁ?ESSLgegfﬁg?Eed by

this phase=reversed commo

and red (R), in a predetermined order such as B, G, and R.
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. 1In short,

20 each of the B, G, and R signals is time-sequentially output
within the 1H period. At this time, the polarities of these
color signals are reversed every 1H with respect to the
common voltage VCOM. 1In 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.



- 14 5 voltage VCOM Referring now to Fig. 3 show ng an equival ent circuit
for a unit pixel, the potential Vp of the pixel electrode with the liquid
crystal capacitance Cc al so drops, as shown by the dotted lines in Fig. 2.

- An increase in the resistance conponent R of the liquid crystal material at

| ow tenperature prevents a desired signal voltage frombeing sufficiently
witten to the pixel within a predeterm ned period of time, thus causing a
|l ow contrast. In contrast, pre-charging the data lines of the pre 10 15 20
25 charge pul se PCG (active at the l-ow l-evel} with the grayscal e signal as
obt ai ned when no voltage is applied to the liquid crystal, i.e., the conmon
vol tage VCOM i n the enbodi nent serving as the pre-charge signal Psig, prior
to witing tqg bl ack signal., causgs the tentjal Sig-Gof t ata line

for Gto comet & HRYSH RS 1%V ,e’asthsanIO PV HEHE sl & P eq Yrig. 2,
th I tential _V f t i xel_ el ectrod ith the |iaql
cryst ar ol RENE ¢ P KT G B R FUOR ol St e A
| ect | - CH j t I 1 owi
The st oniltls g B ]l e SELLERCSP e At S M D ense”

in the rasd stancescorpanant 1 R wict heo dh QUi de Srysd alodiid eridd c fde | OW
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reach the desired signal level within a predeterm ned period of time. This
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sanpled last during B, G and R sanpling in that order. Thus, the contrast
for R isfrpamntyldetradedi @t 1Hw¢enpes aduireingn tietdiey odlswr dasichg
pre-charging as descri bed above brings the potential Vp of the pixel
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and can hgnisesh{0r 4he egf@yééﬁﬁifeélelyglthe selector switch 18, one
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 selector drive system, where the display signals for the

pixels corresponding to the three colors horizontally
arranged 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



- 16 = as obtained when no voltage is applied to the liquid crystal,

nanely, 'the pre-charge signal Psig. If a voltage applied to the el ectrodes
of the storage capacitors Cs adjacent to the Cs lines is used for the prey
‘charge signal Psig, the Cs driver (not shown in the figures) for driving
the Cs lines 15 can be used for the pre-charge switch (pre-charge driver)
19. In this case, the Cs driver can nornmally be conposed of a CMOS
inverter, and therefore does not allow nuch direct current to flowin the
circuit 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
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applied to the ectrodes of the storage capacitors to the Cs

lines, tddfindSted N PHENM Ao fe, Coridd cln.'lﬂﬁ.?t errh%%%idléoofiﬁ(ﬁg to the

comon vol tage VCOM or - 17 another DC level. The en nment descri bed
above hasmdesn desedndedhy vewnadtad exampl erdipact i gh €4 ysipds di spl ay

devi ce enploying the selector drive system The present invention 5 is also
appl i call2-1 ocd echwé questiod hetspiwn dhes sed ector drive system Sone of
t hese other techniques are the lineat-a-tinme driving system in which the
di spl ay si gndirs ther sedaittoow sofi quhxdlss, ithd headigplsaay tartes Ebmrthesanpl ed
all at once within one horizontal period to supply the display 10 signals
to the dzamee |dokes; @ tumengbi N /GHEE atn | sseenchiron hrp sieh end th ntiwdi ch t he
di splay signals for each row of pixels in the display area 14 are
sequént i 2R Y 5e seend oy vt te tnahes g dz o bd e pil-odl, t SEBuPpl gr t $BLeR Spl ay
signals to the data lines. If the present invention is applied particularly
to 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 analog switches SWsR-1 and SWsR-2 are turned ON/OFF in
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 to 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



15 the point-at-a-tinme driving system the period of time for witing the
signal for the pixel to be sanpled |last is reduced, thus exhibiting an
advantage in that shading at |ow tenperature is reduced. Fig. 4 is a block
‘diagramillustrating a typical 20 structure of the liquid crystal panel
according to the enbodi nent descri bed above. The sane synbols in Fig. 4 as
those in Fig. 1 refer to the sanme conponents. In the above structure, the
data driver 17 is inplenented as an I C on a gl ass substrate 21 by COG (Chip
On 25 d ass). The positional rel atienghi ps anong the display area - 18
14, the data driver 17, the selector switch 18, and the precharge switch 19
on the glass substrate 21 are sane as in Fig. 1. In Fig. 4, however, the
scan drivger 16 is not shown. The data driver 17 receives external setting
signals]P ML, 2, 5 and 3 via a flexible printed circuit board 22, where the
setting sign e rgm ol si I S descri bed
g signahg %@&lcgégd@“%ﬁiﬂéﬂ“idnﬂ$1HQ%%%%§P Hélﬂf%ﬁgﬁ%ﬁi??

belowis output. "In a reverse driving no uri pl ay period

in a pardysleMDGmetdIe data i MEL :;-17%{9&'1 pé"§§%t{'§ W0s comi ol shgnal PRS

t hat defines whether or not to nake the pre-charge swtch 19 active during

the horizond aliddanking idtervaljudbepded fe did¥eind 7cd Ui bega et puts the
gray-scal e signal as obtained when no voltage is applied to the liquid

crysbal ,1 il -1 heo graye sge el sé SEGVATE @5gl hendreidd shappeqsi gnal
Psig. For this gray-scale signal as obtained when no voltage is applied to
the |iquidirer yiHalseldercommincmol 1@ge VCOM i s used in the enbodi nent
descri bed above. The output termnal for the control signal PRS on the data
driver 17, tlHe PRSe datiaidl, ahd hed-edtaqpad 23, tdAnd @ 2k lweled shi ft
circuit 24 on the glass substrate 21 are electrically connected to one
anot her IWMariaﬂg)gzg:}wmt@es (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-charging is not
20 performed in a liquid crystal display device employing the
analog point-at-a-time driving system. If the pre-charge
signal Psig is not written to the data lines 12-1 to 12-6 in
such a liquid crystal panel before the display signals Sigl

and Sig2 are written, a large charge/discharge current

25 resulting from signals being written to the data lines 12-1



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
- hi gher - 19 second voltage level, such as 7.0 V. The control signal PRS
whi ch has undergone | evel shift is given to a pulse generating circuit 26
for generating the pre-charge pulse PCGto control whether or not to
generate the pre-charge 5 pul se PCG The pre-charge pul se PCG generated by
the pul se generating circuit 26 is given-to the pre-charge switch 19. The
output termnal for the pre-charge signal Psig on the data driver 17, the
Tsig termnal on a test pad 27, and the pre-charge swtch 19 are

el ectrical ly, connect ed one 10 another by wiri.ng,28. The pre-charge

si gnal P%L gyzo—u p%lf&fl}%rr]?}?hreevaeaﬁsae rria\/"ej'rn%ﬂ‘?s"scr'sltj%%ﬁl i%%mf% Q§ © ?%?%%ar ge
switch via t i Id . . Fur e, T 1N the.fl exible
print ed]%)lréc%i t %%“r%é ;ge"zfjh%‘—ﬁl' %aa{r% 'nacfrE 2&? @%@g& p%%ir%%n ancc)i‘E 15 the
pr e- charges sWi&h 1o, are, & éig@é !gréc_o gdg‘[ (%H%'PI\/EPte ther by wiring

29. An external control signal” TM5 i's input to m nal of the

f1 exi bl E(Wﬂmmfiz%ﬁé&rto:b%&@%m iﬁoﬁ@%é%i%iﬁ@i@é er£harge swtch

19 via the wiring his control signal TMS sets the pre-charge 20 switch

19 t6 a ¢epdtdDdearE1 B £ erdadHes drivd g aodero | I ideshhstigdsegyst al
di spl ay device according to the enbodi ment having the structure described

above, setdidy/ dhectpdeyehaigeestvidolsd® Y ¢ hend BSkr odeg Ustgrébe contr ol
signal TMS input via the TMS termnal of the flexible 25 printed circuit
board 22redausisy andesé. signal Tsig to be - 20 input viathe Tsig
termnal on the test pad 27 and to be given to the pre-charge switch 19 via
the wiring 28nfdnisireliedwi ngprae-pdrelgidispifayy tsesinalo shienigerd dravechen t hout
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 liquid 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 1s equivalent to the gray=scale level as
20 obtained when no voltage is applied to the liguid crystal,
i.e., the white-level for a normally-white liquid crystal
display device, for example. The liquid crystal display
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



driver 1C (data driver 17). In this case, the pre-charge 5 switch 19
functions as a test switch. Wth the data driver 17 inplenented, the
control signal 10 PRS output fromthe data driver 17 nmakes the pre-charge
‘'switch 19 active during the horizontal blanking interval, thus allow ng
pre-chargi ng, where the pre-charge switch 19 wites the pre-charge signa
Psig before the data driver 17 wites the signal to the data line for each
pi xel in the display area 14, as described. in the foregoing enbodi nent. On
the other hand, in the 1F driving reveBse node or 15 20 during the

non-di splay period in the partial node, the control signal PRS output from
the data driver 17 nmakes the pre-charge switch 19 inactive during the

hor i tal o bl { ng. 1 nt : i | i e- i in the 1F reverse
o vt o T A R R S S S PN, P Al

-deduc NS i CL Y. . di spl ay
gg\p/)ir gg?htlaéj%% dsfat ai | ??‘ﬁglmﬁ:s reverse %m%mngﬁ%c#el%@fé aﬁ%lclaétj% a

longer pes ik ofidiie dOFs¥ii NSl analise tomha®!vo1 Ayl Ranse, spffers from
| ess | ow contrast at |ow tenperature than wth the 1H reeverse driving node.

This advignd ggee-afhd ife 1R Geverse ¢ | ming sdsrl s, e esiehagging - 21
to be disabled, thus contributing to a reduction in power consunption by as
mich5as $wietqIOVEY 118 s &l §ro z 4 4 onk gt e predasiger gVigeled %o
just before sampling, with the selector switch 18, the
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
in that order in a liquid crystal display device such as a
normally-white liquid crystal display device. For VCOM
reverse driving, the common voltage VCOM has a phase-
20. reversed relationship with the output 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



During the non-display period in the partial node for a 5 normally-white
liquid crystal display device, for exanple, the white signal is witten to
the data lines so that the non-display area appears white. This operation
‘is equivalent to witing the conmon vol tage VCOM serving as the pre-charge
signal Psig to the data lines, elimnating the 10 need for pre-charging.
This also allows pre-charging to be disabled to reduce power consunption
Fig. 5is a schematic drawing illustrating the outline of a portable

term nal such as a portable tel ephonelaccording to the present invention.
15 The portable tel ephone according to the enbodi nent includes a speaker
section 42, an output display section 43, an operating section 44, and a
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in part of the screen, as shown in Fig non-di spl ay area ot her
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di splay device or black for a normally-black liquid crystal display device.
sufficiently written to the pixel within a predetermined
period of time, thus causing a low contrast.
In contrast, pre-charging the data lines of the pre-

10 charge pulse PCG (active at the low level) with the gray-
scale signal as obtained when no voltage is applied to the
liguid 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
pixel 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
liquid crystal material at low temperature, the pixel
electrode with the liquid crystal capacitance Clc can be
charged sufficiently within a predetermined period of time

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



Thus, the portable tel ephone provided with the output display section 43,
i.e., the liquid crystal display device 10 according to the foregoing
enbodi ment or nodification nay performpre-charging prior to witing the
‘display signals to the pixels in order to enhance the contrast
characteristics over a wi de guaranteed operating tenperature range,
particularly at |ow tenperature, thereby exhibiting superior 15 i mge
display in an environnent at any tenperature. Another advantage is that
pre-charging is disabled in the non-display area for partial display in the
standby node to reduce power consunption in the output display section 43
by as much power as consuned by the pre-charge driver, thus 20 allow ng
| ong-ter eration wth one bat char ge_ of the mai n power supply. The
f or egoi n %ﬁ?rbjorb‘fl?%%ﬁlrf‘%st}beee%oq%% 1?/bee‘berby"‘‘Q‘/va]yo"f)f AP SN of a portable
nventi.on i.s applicable to
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voltage is applied to the [iquid cr to ensure t a desired signa
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of the liquid crystal material at |ow tenperature, thus enhancing 10 the

contrastpehpd@ct LIt Fhd CS Bilid o 4 LR Bd g €1 b€ Sddble sUppressi ng power
consunpti on. - 24 CLAIMS 1. Aliquid crystal display device conprising:

si gnal wdittineuTesns ¢ 0th Whé i siggh Spt ey 18] gMad Sht s dedmplédesasn a di spl ay
area conprising a matri x of pixels;
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 liquid 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 period of time. Consequently, a
chromaticity shift at low temperature can be greatly reduced.
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



5 and pre-charging nmeans for witing a gray-scale level to the data |ines
before the signal witing neans wites the display signals to the data
lines, the gray scale | evel being obtained when no voltage is applied to
liquid crystal 10 and serving as a pre-charge signal level. 2. The liquid
crystal display device according to claim1l, wherein the signal witing
nmeans time-sequentially sanples display signals, each corresponding to a
group of adjacent pixels in the sane row of the display area, during 15 one
hori zontal period, and supplies the-disptay signals to the data |lines, and
wherein the pre-charging neans wites the pre-charge signal to the data

| ines before the signal witing neans sanples the display signals. 20 3.

The 11 9wl d erystelo doel ao deu cea@ceer dihg ke ehalilel MSLE L Jde o gnal

writing nmeans sequentially sanp di'Sp Sirgnal’s Cor respondi n 'he

pi xel s iﬁgﬁ%?ggiggpgagréj@h '&gl§%%@£fapgﬂﬁing one horizontal period and

supplies t signals"to the data i nes, and 25 wherein the
pre-chargi ng 1ans, Wi RS 4 L& electrodes of the storage

capacitors Cs adjacent to the Cs lines is used for the pre-

5 charge signal Psig, the Cs driver (not shown in the figures)
for driving the Cs lines 15 can be used for the pre-charge
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 circuit

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
liquid crystal display device.

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

20 words, the present invention is not limited to VCOM reverse
driving but is also applicable to a common voltage VCOM
fixed to a particular DC voltage. In this case, the wvoltage
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




- 25 signal to the data lines before the signal witing neans sanples the
display signals. 4. The liquid crystal display device according to claim1,
‘wherein the signal witing nmeans sinultaneously sanples 5 all display '

' signals corresponding to the pixels in each row of the display area during
one horizontal period and supplies the display signals to the data |ines,
and wherein the pre-charging neans wites the pre-charge signal to the data
| ines before the signal witing nmeans 10 sanpl es the display signals. 5.
The liquid crystal display device accdvdirng to claim 1, wherein the
gray-scale signal is a conmmon voltage applied to counter el ectrodes of
liquid crystal cells constituting the pixels. 15 6. The liquid crystal

di spl ay gdeyigeras€o{diog to claim 1, wherein the gray-scale signal is a
voltage applied to first ends of storage capacitors, the first ends being

connect ed t 0 RSREMId MG TRUN LS BhRE QMRS Had I HyStdle sy s

constituting the pixels and second ends of the storage 20 capaci‘tors being

connect efay 0o f €SPkl i XLl a €] BEE1Q Sfath@idpoany dysrystal cells. 7.
The liquid crystal display device according to claim1, wherein the

pr e- char ghpoyeadi st o ese not tPer d ot v t s pewcharige ngrésewpeifivehdiesgver se
driving node in which the 25 polarity of the display signal to be witten
to eé&ch ps x@lso &pplPfabls teveeskdi gues ngtlose thah dtipersoteevery one field
period. 8. The liquid crystal display device according to claim11, wherein
t he pre-¢havegi sigs heans Sloes obttipesé ovrhéheterrhaues ngreuthagl ane-
non-di splay period in a partial node that 5 drives only part of the display
area. 9.atthe-timei drivisyatveiepl ain devicke tlteoddsmbay ostymahs 1fonher ei n
the pre-charging neans wites an external test signal to the data lines in
pl ace ofeddle pre-ehapipeeks ghal thaodisphey hoded ok4 devei sgmpledgalll stysta
di spl ay device, 10 conprising witing sggray-scale | evel to data lines in a
di spl ay €2 CoHptT PRy BORREPR &2 bfPPF k@ sthes PRl Vir FRE ngi8PEpYay signal s
to e data |ine the gray-scal e | evel being, obtai ned when np voltage is
appﬁied oI cF@%tg?t%nﬁl%%?vi%@gagh%.%génEﬁ%FQ%—E?@ﬁaﬁrF%%ﬁg. 15 11.
A portable term nal including.an output displ section which is l'iquid
crystal %Y%%?%y HaVESh ?e?hs?ﬁ%yl?h%?@fgrggfa?aﬁ shPhy° eE?ngs
conprises; sjgn L s for_witi isplay_signals to data |ines
in a dis%?aiﬁgr%%SQ%é r?g?%gfg %%?rf%q%?n€?§g4§;si%pgﬁ Within ore

horizontal period to supply the display signals to the data

lines. 1If 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 advantage in that shading at low

temperature is reduced.

Fig. 4 is a block diagram illustrating a typical
20 structure of the liquid crystal panel according to the
embodiment described above. The same symbols in Fig. 4 as
those in Fig. 1 refer to the same components.
In the above structure, the data driver 17 is

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

25 Glass). The positional relationships among the display area



pre-charging neans for witing a gray-scale level to the data |lines before
the signal witing nmeans wites the display signals to the data lines, the
gray-scal e | evel being obtained when no voltage is applied to liquid

- ‘crystal 25 and serving as a pre-charge signal |evel. - 27 12. The
portable term nal according to claim11l, wherein the output display section
is capable of setting a partial node for driving only part of the display
area, and 5 wherein the pre-chargi ng neans does not performthe
pre-chargi ng during a non-display peri®d-in the partial node.
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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

supplied to the level shift circuit 24 through the wiring 25.
The level shift circuit 24 shifts the control signal

25 PRS from a first voltage level, such as 3.3 V, to a higher
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The output terminal for the pre-charge signal Psig on
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. BAn external control signal TMS 1is
input to the TMS terminal of the flexible printed circuit
board 22 and is supplied to the pre-charge switch 19 via 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



10zV .

10zV1 1$1092V& ()-!11$10% & ()- $109%& ()-t' ' ()))*z[ 9~ =! ~I| (#109%& ()-z $10
Ugs& ()-!D  $10%HE ()-! $10%& ()-! $10% & ()- 3#10%g & ()-*#+
2, @A B H .-~ = ~111 #10% ()-yS10% ()- 10g 10g
10g1s$10%g& ()-!1s$109%& () - (#10%g& ()-z.-h-O //00zX9~_=! ~ (: $10%& ()-y!
(: $109%& ()-y! IMBLO%& ()-! M10%e& ()- ! Mb10%ts#s& () -
#10% & ()-y01111112R3~\:1~11 O940% ()-! 9YA0%& ()-s@WL0% ()- 10 10 10

s1- #1098 ()-!s1- #10%H#& () - R3445=6871 ZQ7wUB+:
10s1s$10%& () - ! s1s$10%ix#x& ()-!6 $10%&' ()-!} $10%& ()-! $10%& ()-!|
%09 & ()-g7h7i 7p7t 78v89gE: 10s1s$1lyY ~$100& ()- 'Y “$10%& ()- 'Y

1051 15107875 T 190 e R sk ) (SRR isoRee (0 v
given to the pre-charge switch 19 via the wiring 28, thus
allowing a panel display test to be performed without the
driver IC (data driver 17). 1In this case, the pre-charge

5 switch 19 functions as a test switch.

With the data driver 17 implemented, the control 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 horizontal blanking
interval, thus disabling pre-charging in the 1F reverse
driving mode or during the non-display period in the partial
mode. This approach further reduces power consumption in

20 the liquid crystal display device.

In more detail, the 1F reverse driving mode can
allocate a longer period of time for writing signals to
pixels, and hence suffers from less low contrast at low
temperature than with the 1H reverse driving mode. This

25 advantage of the 1F reverse driving mode allows pre-charging
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to be disabled, thus contributing to a reduction in power
consumption by as much as the power required for driving the
pre-charge switch 19.
During the non-display period in the partial mode for a
5 normally-white liquid crystal display device, for example,
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 séhematic 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 section 44, and a microphone section 45 in that
order from top to bottom of the front surface of a device
casing 41. In the portable telephone structured as

20 described above, the liquid crystal display device according
to the foregoing embodiment or the example is used 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 function in a standby mode in which images are displayed in
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part of the screen in the vertical direction. 1In the
standby mode, for example, 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 appears white
for a normally-white liquid crystal display device or black
for a normally-black liquid crystal display device.
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
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 present invention is applicable to other portable

25 terminals such as PDA (personal digital assistants).
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charging before the display signals are written to the
5 pixels, where the pre-charge signal is the gray-scale level
as obtained when no voltage is applied to the liquid crystal
to ensure that a desired signal voltage is written to the
pixel despite the increased resistance component of the
liquid érystal material at low temperature, thus enhancing
10 the contrast characteristics at low temperature while still

suppressing power consumption,
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CLATMS
1. 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;
5 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
10 and serving as a pre-charge signal level.
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, during
15 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.
20 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 and supplies
the display signals to the data lines, and

25 wherein the pre-charging means writes the pre-charge
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signal to the data lines before the signal writing means
samples the display signals.
4. The liquid crystal display device according to claim 1,
wherein the signal writing means simuitaneously samples
5 all display signals corresponding to the pixels in each row
of the display area during 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

10 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.

15 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

20 capacitors being connected to respective pixel electrodes of
the liquid crystal cells.

7. The liquid 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

25 polarity of the display signal to be written to each pixel
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8. The liquid crystal display device according to claim 1,
wherein the pre-charging means does not perform the pre-
charging during a non-display period in a partial mode that
5 drives only part of the display area.
9. The liquid crystal display device according to claim 1,
wherein the pre-charging means writes an external test
signal to the data lines in place of the pre-charge signal.
10. A method for driving a liquid crystal display device,
10 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.
15 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;
20 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

25 and serving as a pre-charge signal level.
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12. The portable terminal according to claim 11,
wherein the output display section is capable of
setting a partial mode for driving only part of the display
area, and
5 wherein the pre-charging means does not perform the

pre-charging during a non-display period in the partial mode.



