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DEVI CE AND ELECTRONI C APPARATUS USI NG THE SAME [ Technical Field of the

| nvention] The present invention relates to a transflective liquid crystal
devi ce having a reflection display region and a transmi ssion display region
I n gne pi xel, and to an el ectroni c apparatuses conprising the sane. [0002]

[ Description of the Related Art] Anobng various types of liquid crystal

deVi ces, those capabl e of displaying ilrages in both a transmi ssion node and
a reflection node are called a transflective liquid crystal
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SPECIFICATION

TRANSFLECTIVE LIQUID CRYSTAL DEVICE AND ELECTRONIC APPARATUS
USING THE SAME

[Technical Field of the Invention]

The present invention relates to a transflective liquid
crystal device having a reflection display region and a
transmission display region in one pixel, and to an
electronic apparatuses comprising the same.

[0002]

[Description of the Related Art]

Among various types of liquid crystal devices, those
capable of displaying images in both a transmission mode and
a reflection mode are called a transflective liquid crystal
devices, and are used in many applications.

[0003]

In such transflective liquid crystal device, as shown
in FIG. 21, an active hatrix—type transflective liquid
crystal device includes a TFT array substrate 10 (first

transparent substrate) having a transparent pixel electrode

9a (first transparent electrode) and a pixel-switching TFT



devices, and are used in many applications. [0003] In such transflective
liquid crystal device, as shown in FIG 21, an active nmatrix-type
transflective liquid crystal device includes a TFT array substrate 10
(fikrst transparent substrate) having a transparent pixel electrode 9a
(first transparent electrode) and a pixel-switching TFT 2y (Thin Film
Transi stor) 30 formed on the surface, 2a counter substrate 20 (second
transparent substrate) having a counter electrode 21 (second transparent
el ectrode) and a color filter 24, and a liquid crystal |ayer 50 held

bet ween the substrates 10 and 20. The substrate gap between the TFT array
substrate 10 and the counter substrate 20 is defined by dispersing gap

mater | alpRuhayi ng frprefoterm sedeparshcle sz predle suriggs el one o

t he subé?r en sealin arfay su rate 10 an he counter

Subst 1 at 2,20, by 576 | 00004 O} Bl el SN {004 S Ui bt o ystal

devi ce structured as above, array substrate i es a light

reflect éPQcHJ\;ﬁ% 8 h@%@&@;f&ﬁ%f&& di Bk BYod&Qi My 100, formed in a

pi xel 100 I n ch a pi xel ectrode 9a faces the counter electrode 21, a

transm gs108r 03 5P| AY4 1 £01 0 1@0Er §OF AN 4 Pt NS NESBd &Gy &YI @ik (11 ght
transmtting w ndow 8d) where the light reflecting film8a is not forned.

[0005] Jhssetores 16 tdndeney d tre theod t Bhite eFdp tissh e &N Endapidt i ght

apparatus (not shown) disposed on the back side of the TFT array substrate
10, theatigftsimstclerd 1imtand hend rensitssi Subslt sptay20 eps afe A0ed as
indicated by arrow LB, is incident fromthe TFT array substrate 10 into the
i quid loyysispetsires o meantersal | Htanindyl atpdedatéheinedupartidle cryst al
| ayer 50, and then is emtted fromthe counter substrate 20 as a
transm ssiercwi Bpt agutfate oD diepdhythersgdss {rabesn azd ophemde) .
sealing the TFT array substrate 10 and the counter substrate
20 by sealing material (not shown).
[0004]
In such liquid crystal device structured as above, the
TFT array substrate 10 includes a light reflecting film 8a
having a reflection display region 100b formed in a pixel
100 in which a pixel electrode 9a faces the counter
electrode 21, a transmission display region 100c formed in
the remaining region (light transmitting window 8d) where
the light reflecting film 8a is not formed.
[0005]
Therefore, with regard to the light emitted from a
backlight apparatus (not shown) disposed on the back side of
the TFT array substrate 10, the light incident into the
transmission display region 100c, as indicated by arrow LB,

is incident from the TFT array substrate 10 into the liquid

crystal layer 50, and is light-modulated in the liquid



[ 0006] Further, with regard to the external |ight incident fromthe counter
substrate 20, the light incident into the reflection display region 100b,
as indicated by arrow LA, passes through the liquid crystal |ayer 50,
reaches the light reflecting film8a, is reflected fromthe |ight
reflecting film8a, passes through the liquid crystal |ayer 50 again, and
then is enitted fromthe counter substrate 20 as a reflecting display |ight
to*di splay inmages (reflection node ) . [0007] When perform ng the |ight
nodul ation, if a twist angle of a liquid crystal set to be small, the
changes of the polarization state is show as a function of nultiplying the
difference of an index of refraction On by the |ayer thickness d of the
liquid ¢r r (reta ion e re, if the

val ue |§r%%%?#n izae ,raé(\sl)‘i ST I%}?%Il o*sdél{%h{%%/gbg%%nﬁe@p‘ge%%égfoow] However,
in the Lr thye Liguj eyj [ r ion display

| ght podBestef cedine i HofRtEt ol T Alay B G Salf e

transm ssi di i 4;.{s emtted by passing through the |iquid
crystal§f%§§? E%P%ﬁ%%%é§?5?§m%??#icult to optim ze the retardation
([err]nd) indwgdy of the transm ssion display light and the reflection
display light. Therefore, if the layer thickness d of the |iquid crystal
llayer 50 is mgiteidd, ned tslicheddd tddeard seydt@indisibidhit Yirddiddig refl ection
node is inproved, the display in the transm ssion node is sacrificed. O if
t he | ayerom htlgknessn e ©f stlibet ta €kl 2o £rited al i diay eIn&Odést dites nimed such
that the display visibility in the transm ssion node is inproved, the

di spl ayrénlébeisefdispiap negion slGels; i 43 caddi¢H0O] bfheredwren, with regard
to the TFT array substrate 10, it is suggested that a thick layer-thickness
adj ust i pgs$sayethbeudlorioeel bidnoid tdeystight laedt et i ngedalyes Bae defining the
reflection display region 100b, and the |ayer thickness d of the liquid
Crystalligherreblecting feimedai obs dieplegtedgivem 1008 beglwade thi nner than
the | ayer thickness d of the liquid crystal layer 50 in the transm ssion

di spl ayr¢EHPORI1D0EL 1 RO PSS EXERRTR metﬁbq%%v%ﬁw%w la¥ehod,
Japanesg Unexam ned_ Pat ent, Appljcation Publication No. 61-173221 di scl oses
such nethodgaiBo1ad [Bremb) Efe=Rbt Brd SHYVRATDS TR oG efiibShyate 20

as a reflecting display light to display images (reflection
mode) .

[0007]

When performing the light modulation, if a twist angle
of a liquid crystal set to be small, the changes of the
polarization state is shown as a function of multiplying the
difference of an index of refraction An by the layer
thickness d of the liquid crystal layer 50 (retardation
(An-d) ), and therefore, if the value is optimized, a
visibility of display becomes better.

[0008]

However, in the transflective liquid crystal device,
since the reflection display light passes through the liquid

crystal layer 50 twice, while the transmission display light



5 However, if the retardation ([err]nd) is optimzed by formng the

| ayer-thickness adjusting |ayer, an unevenness is fornmed on the surface of
the substrate due to the | ayerthickness adjusting layer. As a result, even
t heugh trying to control the TFT array substrate 10 and the counter
substrate 20 by dispersing a gap material 5 on the surface of the counter
substrate 20, or when assenbling a Iiduid crystal device, the gap materi al
colres into a concave portion generated due to the |ayer-thickness adjusting
| ayer so that the non-uniformty of the substrate gap occurs during the
process of manufacturing a liquid crystal device or after the liquid
crystal device is manufactured, which results in a problemin which the

ret ardati_on_([Lerr] nd) ] ld in_the i t 042]

Fur  ner 8y anFophBY, pa3ReR, BRxBEut ke  TERER: PRESEATCEavet $ed on ¢ he
TFT arr ubstrate L i tol it . RL.O sspetfornmed for
forning%éc%FTigo?Es%%?g%?HSEp%gegkggmgggtEébl?ggéﬁgg¥ﬂ§%t?§§ g?l%&Sa, a
consi depghleodi Lher eaaRsRls3ibht Hdephyst ehnpCaus:Al Lae1LET1BAT aY
substrate 10. As a resuFt, t he expogurg pr éci seness, etc. of the

phot ol i 4hagnaphy 1 Bhecesenks¢8rel, deFakbhy hQV@EeghiéﬁﬁﬁéEeH beagpents or

filmresidues are generated so that the reliability of the liquid crystal

devi ce ghiquhe Bk9duali 0Ay¥rekd dgcHedseminedbsiBA1lBhaficeREABNEbYayi N
consideration of the aforenentioned problens, an object of the present
inventi oastibitotpr oui dRearkranstlieat nveel iguifipesystial tHeviespang an

el ectroni c apparatus using the sane, in which the non-uniformty of the
substratia gap tsanemigehmenamedeevsnswuhehfthedl ayer ilii tkeedaybal ance of the
liquid crystal |ayer between the transm ssion display region and the

refl ect tbac#hepbay p&gitba Lsqopdi nryetabylajer| ageist Hetkmmsseddj usti ng

| ayer. [0014] Further, another object of the present inventionis to

provi desuchr §hset| &bei déspilgui Higipsiikydéni theahdanaméseéononpdeappar at us
using the sanme in which the exposure preciseness is not |owered when

f or m ngiBPppXed, shhecAifglavesBntheetreflpgtignnyodephst 6RFEhE§FEBRY

t echnol ogy even when the | ayer thickness bal ance of the |iquid crystal

| ayer bet weehP9%! t r ansmi ssi on di splay region and the reflection display
region is opiinmzed by the |ayer-thickness_ adjusting |layer. [0015] [ Means
for Soi vi ng THEEPROET brit] S LA T4 Fherin ovel ot Loy FES b obbnt

i nventi rovides t,ransflective, ltqui stal devi.ce_iLncluding a first
tr anepatBnt>otBar aPel BiR ko ST EpLfe, 1 WenaFRNE Br ol Fulbe t IRa rier
smntchlgg ?BEHEBtBeRB&”€HeOTi&H€ reflecting layer 8a defining the

reflection display region 100b, and the layer thickness d of
the liquid crystal layer 50 in the reflection display region
100b be made thinner than the layer thickness d of the
liquid crystal layer 50 in the transmission display region
100c.

[0010]

As an example of the conventional method, Japanese
Unexamined Patent Application Publication No. 61-173221
discloses such method.

[0011]

[Problems to be Solved by the Invention]



surface in a matrix, a second transparent substrate having second
transparent el ectrodes forned on the surface, facing the first transparent
el ectrodes, and a liquid crystal |ayer held between the first transparent
substrate and the second transparent substrate, and a light reflecting
| ayer is fornmed on the first transparent substrate, the light reflecting
| ayer having a reflection display reg?on in a pixel in which the first
transparent el ectrode faces the second transparent el ectrode, and a
transm ssion display region forned in the remaining region of the pixel,
the transflective liquid crystal device is characterized in that the first
transparent substrate and the second transparent substrate nay be forned
such that t I thic S -0 gL, : i he refl ection
omBYEE Bt e R LA TR B P X e

di splay region 1s er than i ckness id crysta
| ayer i r b SSLOAD+ regk : and | upna, Lon may be
B S R e R S G

the first thapsRabRNthaubateate ardihbesgpsepdetr ansppsephesSubgtrate, the
col umar protrusion defining the substrate gap between the first

transpaggitkadbst Lat@saNdgt DeyseCcoNfst panspal ent eGERSEhatGhbY rpingr udi ng
fromone of the subStratesS and abutting agai nst the other substrate. [0016]
Accor di g tentkelptreentTi A¥eayi sibsthatbeldi a8l th8 toansparent substrate
or the second transparent substrate, since the |ayer thickness of the

| i qui d supstahtkagerbysdimdersbhgnar gap imbheerthl ebt bantdespliayacegi on t han
the layer thickness of the liquid crystal layer in the transm ssion display
regi on, oédntthevenunftetrhsubstretei 20, dospwhygn| aghembassgsat higugd the |iquid
crystal layer twice while the transm ssion display light is emtted out
after pasyshglt devigh,t hkel ggni tdateysadl comger inhPyaoaercavae ret ardati on
([err]nd) can be optim zed in both of the transm ssion display_ |ight and
the refpection desprajefi gne. teukhfetaypy-hBjickeeRg pASUERIBRNL3YECHf the
liquid crystal |ayer, even though an unevenness is forned on the first
transpa?@th§Eb§F?aP%n6Fn%ﬁ%r§éanaftFaﬁs53P§5Fa§ﬁb§?Pa?§?uEEcording to the

t i tion, th b t n_ b lusted b h I
o1 ot rusFALREr hBR BROCRES pFEetPERCHAFORD SubLENMcCEYSERL QBKBHE

transparent _substyat and a_ga terial s n i d. to such
structuPE,aFﬁgrnghﬁni?gPﬁgt?rg?g?ggdgﬁbg?ré?emgéﬁgaggggégf 85%%? due to the
gap nmateri opng Jj conc ort Lo . upe nass d by the
Iayer-tﬁ%%ﬁ%ggsggd?ug?§ﬁbg?ay§ra%%?&eéhét ge%FégglpﬁaX§ga§Zn?ggéggtrate and
t he secggdhgian§ﬁa£ﬁgto ubsthakesrbhe retardation ([err]nd) can be held in
an optimum state. Therefore, a high quality display can be perforned.

[0017] Accordaspfo the present invention, in adjusting the 9 thickness
of the liquid crystal |layer, for exanple, on the surface facing the liquid
crystal | ayerupthéfieofe ) sif trpaspalentl spydsttiat €knéhe ddfastimgckness of
the filnms formed below the first electrode is thicker in the reflection

di spl aylaggronst ianmed dhethean8ih asrap dubptagteedlonn BEpitkepf an the
surface of the second transparent substrate facing the liquid crystal

| ayer, phetodibhoghaphyepsooésshpefifbmpeflofaedfbendnagt heTE&cdnd el ect rode
can be thicker in the reflection disglay region than in the transm ssion

di spl ayswegrbhng[ pbxe}l AQ srrtubeulédhibseélercbingxiipmeBaonat he surface
facing the |liquid crystal |ayer of one transparent substrate of the first

t ranspafensidapabiat diffhareneeseéondtiradsparefteBupSEREBeORathe

| ayer -t hi ckness adjusting | ayer is greferibly gorned such that the | ayer

thi ckneSETofTtR¥ FrRaFHaERySsPal fdyer TRRULRe FBPI EXPPSHEGI splay region is

thinner than the | ayer thi kQ ss_of éEe Li uid crystal |layer in the
transniggﬁﬁﬁsﬁpgﬁFayeﬁﬁgi8%. Féoﬁg?t ?E,OgﬁgppgyéF9FﬁF5k 8ss adj usting

I [ f d t d_t .substrate.  That is, i
tho-castoRRAESERBLY, 180 oFPdno PR oAt SEUBSPPIPE F ok Thitatray Uit rate,
orCF oraPRobghELPRREY.RASERS LRIREEERIEIoRN chBC) TRhAA LRy shUpst rate

device or the production yield decreases.



10 pixel or a light reflecting film if a thick |layer-thickness adjusting
| ayer is forned on the TFT array substrate, a considerable difference of
altitude or step occurs. As a result, the exposure preciseness, etc. of the
phet ol i t hogr aphy process is considerably | owered, and step fragments or
filmresidues are generated. Accordin@Iy, reliability or the production
yield of the liquid crystal device decCreases. However, according to the
present invention, by form ng the |ayer-thickness adjusting |ayer on the
second transparent substrate, that is, on the substrate in which the TFT
for switching pixel is not fornmed, the |ayer thickness of the liquid
crystal layer in the reflection display region is made thinner than the

| ayer thicknﬁﬁﬁjﬂf the liquid crystal layer in the transm ssion display
region. Due to such structure, even though the |ayer-thickness adjusting

layer is proddatldle, OROULS RISLSSIFSS ithel AAdiogiaphy process

for formng a pixel switching elenment on the first transparent substrate

does nobrdeLeRasesn JHPEEE WL tike iFANSIAECihyén i Wi & ChySE@dvgvige having
a highreliability and a high quality of display can be provided. [0020]

Accor di figah&f 1 &€t DFESEIquidVERFd 04l ddiei dayBid L cknessradidsting |ayer is
a transparent |ayer which is selectively forned in, for exanple, the

ref | ect apparthsmd ays1egi the | saride in Mhidikethe afon-surdi f&ambpPaArentthayer
which is thickly formed in the reflection display region, and is forned

t hi nnersulnst het ¢ rgays M s sioh ghrset slyed egveamn winam the t heyeeftletdkoeassli spl ay
region. [0021] According to the present invention, when performng a col or
di spl aybabhanot oo f fihe etiquid ocrrpstaln ldgepibetwesn t tize sturdmerel $stdmg t he
liquid crystal layer of the second transparent substrate. [0022] Wen

f or mi ngdssichaw redion fand efhe areblegtion tdksplay tredisdm sb$ on display is
preferably formed above or below the transparent |[ayer in the transm ssion
displayOE%%W¥#ﬁ¢rbYrﬁh§ﬂ3@N§r?ﬁhﬂQ$Qﬁﬁ%na¢]WQQ#HQ(ﬁaY%ﬁ{ection display is
preferably formed in the reflection display region on the sane side as the
color filterl%%9A)transnission di splay for the transparent |ayer. [0023]

her, h f faci the liguid I, 1, f th d
(v anspar ent SRS GAok g PR G 1O HEARER S S e a1
prefer ?}gv{&g @%fﬁgﬁ‘%‘} , %%\i%ﬁ]fd téﬁ?ﬁ?ﬂ g@é‘fi@geé?# n jhe transm ssion

di splay Tegron in col or of reflTection display is
f ' f ' i ' : : et
The coror i U b4 nii i ThE T2 S0 o b Mo sizpposite o

preciseness 1s not lowered when forming a pixel switching
element, etc. by using a photolithography technology even
when the layer thickness balance of the liquid crystal layer
between the transmission display region and the reflection
display region is optimized by the layer-thickness adjusting
layer.

[0015]

[Means for Solving the Problems]

To solve the above problems, the present invention
provides a transflective liquid crystal device including a
first transparent substrate having first transparent

electrodes and pixel switching elements formed on the



for the transparent layer. [0024] In the present invention, a chromaticity
region of the color filter for transm ssion display is preferably w der
than that of the color filter for reflection display. In the transflective
liquid crystal device, since the reflection display |Iight passes through
the color filter twice while the trangm ssion display light is emtted out
after passing through the color filter only once, if the color filter for
transm ssion display is made to have a wi der chromaticity region than the
color filter for reflection display does, imges can be displayed with the
same color in both of the transm ssion display light and the reflection
display |ight. [0025] "A wide chromaticity region” in the specification of

the pregggkg%§3§ FEERY %hQEcBHS @ESHﬁgéﬁgnﬁg%ﬁés%£5989h§v§ﬂ wn in, for

exanpl e, rlhe rrc systemc ragramis Farge, and

has a dapkofgl ok, ehgoéﬁ ck?g?@g PLEREAt oh VRO LORs, LOE EQEQﬁ%f"ter

for transm ssion ggg ay pre%era has mnde chromaticity regio

exanpl e u d n r e i g nt from
ol cprilesLaLOLLSERBL oKL e csoh gy amuch slayss Bgockponappint I

th'Ckneﬁélefbégﬁeéﬁ|Qﬁeffhkéf EQ&nE%@F@HﬁS§hQ§tQh§@|§Md'§h€ag§c&HHCker than
that of the color filter for reflection display to widen the chromaticity

reglon,tgaﬁsﬁéfeﬁt BMosbeatayesntihackngrs ﬁQfUé&tﬂﬂg'BX?ércﬁg be danaged.
However if the chromaticity region of the color filter for transm ssion

di spl ayfbsmeadenwtHer fihat thahsparéhe sabstrété) ethéoligkE!l ection display
due to different kinds of color materials or blending anobunt, the damage of
the ef feeflbytihe layer-havikgessrafijestiog dageladorsghoh docar. On the
contrary, layer thickness of the color filter for reflection display can be
made t hPéket iLhawhighttheé fhestotvansparentfetectnodei Eacen thepl ay, and
therefore, the layer thickness balance of the liquid crystal |ayer between
the trapeaPadi braaseareptreleohrade, t Ardr af tEeRsBASEien] dyspéavon can be
optim zed by the Iager thi ckness difference of the color filters. [0027]
The Iayé?g%ﬁPcﬁﬂﬁ@§ aﬂ?u%??nﬁemﬁyﬁ%n%fr?ﬂé°%r%§eﬁ¥e|B%éﬁ%roﬁ fray conprise

of a col or flgter f or ranan153|on di.s beln thlnl¥ formed in the
transmi SERBRT ?§B+%9 Fignod, ch¥atal cde ?C i tefhepRCrRFLEREI OR BRepI ay

For ”f’réﬁéﬁ Etoh Grenrat o6 SheShralr ShanLRY %atd  tagtoeteRl number of
nowl 'y 2Py tl HRapaEE, POER bl tRRE LR TERYLE LR ERheRETRESERY 1,
| nventi eneuiles; ysthg 1§§efomrtﬁé!Lsflaégfohaafgpmycka $snagiusting

| ayer col or ter Tor transm ssion display nmay preferably conprise a

first cohPhindBtehiR| thayesyOL AF:&RhBsaNgr heNs NY; §uhder GEEQIMBI hGblY
region, and the color filter for reflection display may preferably conprise
a secongn CcohertFahEnhi 861bAYEIsPLAPOréHi 6KELr anAda hayl dgnar nar r oner
chromaticity region than the first color material layer. In the

transf | pedvtvesidogungy chystatmeé@vosethei saefébe retirgtths digpidy |ight
passes through the color filter twice while the transm ssion display |ight
is emttedsoal bhiver pasatnpeadtoogh ofHetlbel birst| teansphyeonhce, if the
color filter for transmssion display is nade to have a wider chromaticity
regi on swWaptrakecondrthe| segondrtransperenh dibptugtdoethei gagemwnaan be

di spl ayed with the sane color in both of the transm ssion dlsEIay i ght and
t he refp@@t;@ﬁl@ms@¢§§n;m@hthe substrate gap between the firs

transparent substrate and the second transparent substrate
by protruding from one of the substrates and abutting
against the other substrate.

[0016]

According to the present invention, in the first



[ 0029] Further, according to the present invention, the color filter for
transm ssion display may conprise a first color material |ayer, and the
color filter for reflection display nay conprise a first color material

| ayer integrally formed with the color filter for transm ssion display, and
a second color material |ayer forned gbove or below the first color 15
material |ayer. [0030] The liquid crystal device according to the present

i nvention can be used as a display unit of an el ectronic apparatus such as
a nobil e phone, a potable conputer, etc. [0031] [Description of the

Enbodi ments] Now, preferred enbodi nents of the present invention wll be
explained in detail with reference to the drawings. Further, in the

drawi ngs_of the follqyquidescri tion, th _gcales of .the.respective |ayers
or menbetd SRAHY FEHRE 2 fite B TRIY cﬁaqﬁﬁﬁﬁﬁnqs§%qé§ %%%ﬁwn with a
size to i [ e. draw .1 400Q32] |, ISt i.;ment] (Basic
struct usfié?%é et%?%pia Stc Jincv]%a Slsgu"%m%?e;s/s A eV c\g{% C}%Qeoﬁdslr% pl ane vi ew

of a traneflaetiVve iUkl Gasialy GaYi e AcEPAING GidIe PLSERjed nvention
i Sk g &

| ooki ng at conponent el enents and a counter “su rate, an is a

sectiongl; vi,evd aken@d ongyt hh;? dipeeof lcifn e trafdfisside an

equi val ent circuit diagram show ng vari ous el enents, wrings, etc. in a

The o R S T e R P i mg o
passes through the liquid crystal layer twice while the
transmission display light is emitted out after passing
through the liquid crystal layer only once, the retardation
(An-d) can be optimized in both of the transmission display
light and the reflection display light. Further, by
adjusting the thickness of the liquid crystal layer, even
though an unevenness is formed on the first transparent
substrate or the second transparent substrate, according to
the present invention, the substrate gap can be adjusted by
the columnar protrusion formed on the first transparent
substrate or the second transparent substrate, and a gap
material is not dispersed. Due to such structure, the non-
uniformity of the substrate gap does not occur due to the
gap material coming into a concave portion of the unevenness
formed by the layer~thickness adjusting layer between the
first transparent substrate and the second transparent
substrate, the retardation (An-d) can be held in an optimum
state. Therefore, a high quality display can be performed.

[0017]

According to the present invention, in adjusting the



16 description, the scales of layers or nenbers in each of the drawings are
different since each |layer or nenber is just drawmn with a size to be
recogni zabl e in the drawi ngs. (0033) As shown in FIGS. 1 and 2, a
transflective liquid crystal device 100 of the present invention is
configured such that a liquid crystal | ayer 50 as an electric optical
material is held between a TFT array Ssubstrate 10 (a first transparent
substrate) and a counter substrate 20 (a second transparent substrate)

whi ch are sealed by a sealing material 52, and a peripheral partition 53
made of a light shielding material is formed in the inner region of the
portion fornmed by the sealing material 52. A data line driving circuit 101

and a mpypLings %esgrhr;ﬂ' 10z, 850 LoLppg (D Lhe £x)elnal,{0igh ofethe

portion orne € Sea |ng rra ong oné sSide of FT array

substrag& %gCea?chn %e ulge%gg ¥éfg%?%%€$%f %€4o#f ggrned al ong two

si des nerghbori ng on spec W rings 105 are

pr ovi degl gflepleehe SLygL Lhe. ongys et of EhEciHEdsarg yosubst rate 10 1o

connect en t e scanning lrne driving circuits 104 provided in both

si des Offoirﬂﬂ@d' PBYSw At 5! PYré@%Pé‘ct?@@'e aggli £ pemgl } Vin a9k €- charge circuit
or a test circuit can be provided by using the downside of the peripheral

parti t'9@f53ct96nt8€sﬂnlg$ r&EY1SNEEha@Ni B PtOVr £OSHLSS 1 vE aBssTagl 106 is
formed on at | east one of the 17 corner portions of the counter substrate
20 to preyide.anrelekér) cah €ROMsGE f OBe bet Welgd $deordd Ttpatisyasestrate 10
and the counter substrate 20. Further, the data line driving circuit 101
and t hessloahnatg faoendrthe nfigeiductydd] kdyger carhdetovall apped with the
sealing material 52, or can be forned in the portion in the inner region of
t he seathhgkneserofil the. £ D034foFued Heelow ntheaseodnd oeheogrotie dana |ine
driving circuit 101 and the scanning line driving circuit 104 on the TFT
array sh®sthickenoinfbhe exefbtetien TABSPIaperegi omutkan bbhdthe) substrate
having a driving LSI provided thereon, can be provided to be electrically
or nech%h@%%W%?S%@%n@%$E%?MM¥¢9hp@ern1naI group provided in the peripheral
region of the TFT array substrate 10 through an ani sotropi c conductive
film Furthef®93& the transflective liquid crystal device 100, a polarizing

(T 2, eSS PSR e 8, A8 AU P! S L 20 D g gnoed 1
| ayer &Qewguyae L08] Liye g, PRSKS! L D8 SRSESUC 03 e I ﬁ@rvrvgéed

nemati c ach o nor mal

mode/ nog ﬁgée s £ L6 éﬁ&'sﬁﬁgtéé’@oﬁ@erffé’ﬁsﬂaéré’ﬂ’c“ed here.

Further |n t formng the transflective [iquid crystal device 100

for CO'é’tﬁbg‘tﬁﬂé‘y aeP&;EeEDtEI?IcMéé@ra@ju%éSli% é Feds Oﬁréférabi§ count er

substrate 20 along with its protecting filmin the region facing each pixel

el ect r oflerféd Osud et Had Bié AYapeSth BéendSs ast deser i bedi et pystHP035] I n

t he i mage display region of the transflective liquid crystal device 100
const r uré gé&lr abn abioy exre fbeShiam dishlay Begbopl Usathiynet phael 8hd00a are

formed in a matri x shape, and a pixel electrode 9a and a TFT for sw tching
pi xel 3Dayer uUniokmegss hef pixellkdetdrodesOal ateyéor imedtha each pi xel 100a,
a data line 6a for supplying pixel signals S1, S2, and
transmission display region.
[0019]
Here, the layer-thickness adjusting layer is preferably
formed on the second transparent substrate. That is, in the
case that the first transparent substrate is a TFT array

substrate, since a photolithography process is performed on

the TFT array substrate for forming a TFT for switching



Sn is electrically connected to the source of the TFT 30. The pixel signals
SI, S2, and Sn input to the data |line 6a can be supplied |ine-sequentially
in this order, or can be supplied with group for a plurality of data |ines
6a- nei ghboring each other. Further, a scanning line 3a is electrically
connected to the gate of the TFT 30, and scanning signals Gl, &, and Gn
are applied linesequentially to the 48anning line 3a in this order in pul se
at-a predetermned timng. The pixel electrode 9a is electrically connected
to the drain of the TFT 30, and the pixel signals S1, S2, and Sn supplied
fromthe data line 6a are witten on each pixel at a predeterm ned timng
by maintaining the TFTs 30, which are switching el enents, onstate only for

d j d i . B i.n .t he pi [, .S | , d f
el LI Ao 18t el te P AR e oo
| ectrode. . | t i |
ol ot r LS WY R T SR M S L PR SRS SO S [ 00ag)
The |iquid Ciyshe '@iydffeé&&éwcr@%éj{ﬁgg 'Voe(;ﬁntsaééfarbp%rog derp of; t he

nol ecul ar group according to the leve tag ed to provide the

|i ght I g & &y dae i spl avec I @ iy mal Iy white node, the
quantity®o f%hgﬂ}ngﬁgint %% ht 5§§%ing ﬁhréﬁgh the liquid crystal |ayer 50

decr easgs, @SCOFKH dhpiey hio Ml d age anl i &dkald 1y & ded | Yard agegrode, the
guantity of the incident |ight passing through the liquid crystal |ayer 50

I's i ncreasfteics i N m o ddiedued tage i £tbd AS red@sdidgighe |ight
havi ng the contrast according to pixel signals S1, S2, and Sn is emtted
from t hee1iapisi1tegtd v et hd Gt sthedtyisdral yieMd cef 1k asi quidadeys{H037]
Further, to prevent the |eak of the held pixel signals S1, S2, and Sn, a
st or agedeapaxiderrddsean Fowsidad peradtdingitd thd impeskrct yst al capaci t or
formed between the pixel electrode 9a and the counter el ectrode. For

exanpl e,nvdret hagit dge ffrmirey pibee| 1 ayesct thodekrees § sadipisk ioyo t haver gomge
capacitor 60 for a longer tine as nmuch as three digit period than the tine
appl i edchy sepoxblrransraienje. SRS, BRist¥uctelr he ubgifaehance
characteristic of the charges is inproved, and the transflective liquid

cryst alitielicdh 106 A fePla SHHFRb mistek a3 fanfaredal t¥ed. Furt her,
bt voor DA GHIISTRO B, WAL Ere T br vYRF Hb Sr age. capaci {or €0,
Fl G o K bl =Y OB S (TR Gor e (g SUBLRT at o) F1 G 4
5o RE A S il abdy Sy ey grauns 10l 0Ner g ey oLler 11
el SPEBALAHAN, 1, 61, SR AT e e
layer-thickness adjusting layer is provided, the exposure
preciseness in a photolithography process for forming a
pixel switching element on the first transparent substrate
does not decreases. Therefore, a transflective liquid
crystal device having a high reliability and a high quality
of display can be provided.
[0020]
According to the present invention, the layer-thickness

adjusting layer is a transparent layer which is selectively

formed in, for example, the reflection display region in the



[0039] In FIG 4, pixel electrodes 9a (first transparent el ectrode) nade of
a plurality of transparent I TO (IndiumTin Oxide) filns are fornmed in a
matri x shape on a TFT array substrate 10, and a TFTs for swi tching pixel 30
are connected to each pixel electrode 9a. Further, data |line 6a, scanning
line 3a, and capacitor line 3b are fogred al ong the | ongitudinal and

hori zontal boundary of the pixel electrode 9a, and the TFT 30 is connected
with the data line 6a and the scanning |ine 3a. The data line 6a is
electrically 21 connected in a high density source region Id through a
contact hole, and the protrusion portion of scanning line 3a forns a gate
el ectrode of the TFT 30. In addition, the storage capacitor 60 is

fi d_such that t t f. of tor filmil f
For m ngPChBLTE {07 %%{%ﬁ?ﬁ%ﬁéﬁﬁ 25t et s ToROH Gl BEHTbe 1 and

h : h d
L00a0] e £ecte o™ FEaPu Y Chks fotel 2000e ol i S g aken.

along t g film1ll
e of erar i dlok dabfs ?“P%?n%ﬁé%%gf‘?-ﬁ% %’%*’2%%%%*5%%%\9
thicknessyignformed on the surface of a transparent substrate 10' as a base
substance o the TFT array substrate 10, and an islandshaped sem conduct or

filmla of 3¢, 100 nmin thickness is forned on the surface of the
f oundati on protectlng film1ll. A gate insulating film2 nade of a silicon

oxide film @Icc%i%ﬂnf&d GO QG rdBdt HVEHETh,| Hel Y nlifgy surface of

the sem conductor film la, and the scanni ng li'ne 3a of 300 to 800 nmin

t hi ckness1é8 d%;ﬁ@){ﬂr‘atcﬁ@léﬂrfﬁll@eﬂflé heo ged® imsthatpngel idinthe I N the
sem conductor film the region facing the scanning |line 3a and having

t he gatsurfiseé afaaind i tie 21 bt i err ydiem | sa perchafingle regicnd 1a' . I n the
channel region la', a source region having a | ow density source 22 region
| b and erdmgbadersisybstorate. region 1d is formed in a part thereof, and a
drain region having a low density drain region |Ic and a high denS|ty drain
region le islX&afed in other part thereof. [0041] An interlayer insulating

film4 made of a silicon oxide filmof 300 to 800 nmin thickness, is
formed on t M&eyfog@dng such a color filter, a color filter for

transmission display is preferably formed above or below the
transparent layer in the transmission display region in the
pixel, and a color filter for reflection display is
preferably formed in the reflection display region on the
same side as the color filter for transmission display for
the transparent layer.

[0023]

Further, on the surface facing the liquid crystal layer
of the second transparent substrate, a color filter for
transmission display is preferably formed above or below the
transparent layer in the transmission display region in the
pixel, and a color filter for reflection display is
preferably formed in the reflection display region on the

side opposite to the color filter for transmission display



of the TFT for switching pixel 30, and a surface protecting film (not
shown) nmade of a silicon nitride filmof 100 to 300 nmin thickness, may be
formed on the surface of the interlayer insulating film4. A data |line 6a,
bei-ng 300 to 800 nmin thickness, is formed on the surface of the
interlayer insulating film4, and the gata line 6a is electrically
connected to a high density source reé on Id through the contact hole
formed on the interlayer insulating film4. A drain electrode 6b, forned
together with the data line 6a, is fornmed on the surface of the interlayer
insulating film4, and the drain electrode 6b is electrically connected to
a high density drain region | e through the contact hole forned on the

i nterl ayer 'Hsugating filg14. %0042] An unevenness form ng | ayer 13a nade
of a firSf E 5t 558RSPRFGREr 88YR s fornmed on the upper surface of the
interl ayer if§65fting film4 wth a predeterm ned pattern, 23 and an
upper-layer rhsulating film7a nade of a second photosensitive resin, is
formed on t I r venness f o : ihtion, a
light reflecti n@?iq%%%ﬁ?rml e eo&&ar}%?’al%ré}{ngu%éﬁﬁq%%l#r{; c?%?erlr&eéd on the
surface he. r y ] 100471 Ja; o T, : venness
patterncggo%sg%ggggdf%ﬁ ?ﬁghgﬁg%g%%ﬂo?i%égaYihﬁtafé?%g%§%%gﬂ?#€ﬁ18a, t he

patternthayi Bl SBNER¥ECHPLE! BN BEr aPdr ar £PNNEKI BRI &1 991 8p. by1hefl ecting
t he unevenness of an unevenness form ng |ayer 13a through the upper-I|ayer

i nsul at tng Ekhﬁbfﬁec£99é3liﬁﬁi&,c§¥tfﬂhtdéﬁﬁ6§ﬂ1Eih@@ vhadow 8d is forned
on the light reflecting |ayer 8a. e to such structure, the |ight

refl ectregléctmvfadioprayalight esasos dthpbayhr €ge o8o1O8Pbri ntéhe pi xel
region 100a in which the pixel electrode 9a faces the counter el ectrode 21
Furt her twibe wkithenthg tegnemissiohi éhspheyl ipphtriesl ewitogdfohtn 8a i s not
formed (light transmtting wi ndow 8d) forns a transm ssion display region
100c. [86udl Bhsspngethrbechrbile Calondéibfennonlp énten if thened above
the light reflecting filma8a. The pixel electrode 9a is directly |am nated
on the cotprcBibterhgori ghanseisetenndisplayshs Badethe Pavelael ectrode 9a
is electrically connected to the light reflecting film8a. Further, the
24 pierléﬁéc?gB%@thC%Eye¥%@%?$c%?@? thaneeted gb1¥ﬁé 8P%in el ectrode 6b
hole formed on the photosensitive resin | ayer 7a and

t hr ough thi contacé,
the int BRf4§eF1PRsAt SP1RY ???ﬁ14%m?@®ﬁ5¥a%hb%r?éﬁP vedyet thothede of
polyimde filmis fornmed on_the surface.of.the pixel electrode.9a. The
bri ot ctepayePLes 18 BEFR it | TiantEROSR: SobrRod Fratevehtoht “BER Bhfed 1 or
t he pO'¥é9198t{$£”a1£89é911fyﬁ£h6f1 a capacitor line 3b as an upper
el ectrode )
[0025]
"A wide chromaticity region" in the specification of
the present invention means that the area of a color
triangle shown in, for example, CIE1931rgb colorimetric
system chromaticity diagram is large, and has a dark color
tone.
[0026]
In the present invention, the color filter for
transmission display preferably has a wide chromaticity

region, for example, due to different kinds of color

materials or blending amount from those of the color filter



faces the extension portion if (lower electrode) extended fromthe high
density drain region le through an insulating film(dielectric film forned
together with the gate insulating film2 to forma storage capacitor 60.
[0047] Further, this enbodinment forns a plurality of columar protrusion
40, of 2 to 3 umin height and being Cﬁnprised of transparent polyimde
resin, etc. in each pixel 100a above tfe capacitor line 3b, and the
interval between the TFT array substrate 10 and the counter substrate 20 is
defined by such columar protrusion 40. Due to such structure, a gap
material is not dispersed between the TFT array substrate 10 and the
counter substrate 20 in the transflective liquid crystal device 100 of the

25 | i .[0048] F h he TFT 30 f bl LDD
present oo 2 HINSTI LRy h PSP FHLPL, he TEL 20 preherably, b, an Lt
TRUT L 90 B ELROk, T SELEM L0, SELOD T SO dina t ulgu density
be a sel é@!é?“tﬁé/p?glg TfJff‘t%E{O'f(;& aré‘#ig@?@f 'é%’sﬁ? ”rPé”&%é’ 7 Ay A €
i nj ected UsiNg a gate &f ectrode (A part of & scanming | The 34) as a mask,

manner | COOE]  EhrY Re O LT st ot ren Pee e el S P& ict ure sueh

manner . r I s enbodi as a Si e gate structure such

t hat Ongdﬂg%@il% eLiyOfecd S Nidiaddde Sdwet Ner Hile 3bh i Sndt {QNG¢d

bet ween t source and the drain regions, but two or nore gate el e€ctrodes

can be g&gpagess betuees shem 1tdr SESH €ASEsm Al i SNl &8l api Shahads applied
on each gate el ectrode. As above, if the TFT 30 has a structure of a

dual - gatedédElopd e BRdL)oPItiRe tEdPbE BRlEePrfdPIEafldct SoPassiPleyto prevent
| eak current in the connection portion of the channel and the source-drain

regi onsquanto i §i poesebht ekindsediceoturr aateriiadkf ost dlendihgatamoaatt, one of
the gate electrodes is nade in an LDD structure or an in off-set structure,
t he of ftsetdanagentf chire beffect Hey tlee ubzyger-anui cksesdb| adFwst g ng devi ce
can be achi eved. 26 [0050] (Structure of a counter substrate) The counter
subst r ataye deegomdt greedr suchn e contepryshiayel nghickness oo called a
black matrix or a black stripe, etc,, is forned in the region facing the

| ongi t uehaatoker hbkkebnier mwikerkicpolispirvicahdopinade cthi¢kere 9a
formed on the TFT array substrate 10, and the counter e]ecirode 21 (a
second EraRtiRafe)ohalhe ofor | Hi5 §¢¥ nfoF st¥ R FRES SRR A1 3R 2Y gL hi el di ng

count or CERET R BIE TAHAT i IRrRRR e oos 2f [ Henid Chi Eh e
rubbing, s eatiEnteds A8 LR 1 OL; L PO YL 48 1dA Mg the

reflection display region can be optimized by the layer

thickness difference of the color filters.

[0027]

The layer-thickness adjusting layer of the present
invention may comprise of a color filter for transmission
display being thinly formed in the transmission display
region, and a color filter for reflection display being

. formed thicker in the reflection display region than the
color filter for transmission display, of the pixel.

Constructed as above, the number of manufacturing processes

does not increase since it 1s not necessary to newly add a



[ 0051] Further, below the counter electrode 21 of the counter substrate 20,
RG&B color filters 24, of 1 to several dun in thickness, are forned by using
a photolithography technol ogy, a flexographic printing or ink jet printing,
in-the reflection display region 100b and the transm ssion di splay region
100c. The color filters 24 are integrthy formed in the reflection display
regi on 100b and the transm ssion display regi on 100c, and the thickness
thereof is uniformin the reflection display region 100b and the

transm ssion display region 100c. [0052] 27 Further, in this enbodi nent,
a layer-thickness adjusting |layer 25 is forned between the counter

el ectrode 21 and the color filter 24, that is, below the counter el ectrode
21 such that_t%e %a¥er thickgess g of the liquid crystal layer 50 in the
refl ect FOXSHT ERFEETFRTI 8% 1obb etdVeE" thi nner than the |ayer thickness d
of theli(nﬂéﬁégg tal layer 50 in the transm ssion display region 100c. In
this enbodi ,_the layer-thickness adjusting |ayer 25 is a transparent

| ooy Layer - °ss | | 1 a spar
rouin etc. S et it R T IR RarBP g (BT FRe T 6gi on
100b byayssnga?%gggﬁt@%'&éggré@msﬁfﬁ&npépay, #nd | &X00F apPi CePriditi ng or ink

jet printing. eration and effect of the Invention) Therefore, in

the Ii Q‘e'irgn%i’§£%n5&1£§h§ié'§ezﬂaﬁspﬁé’f)é’ﬁabl\&t&bxﬁ;@ﬁﬁéé‘ jorike: légivremtted

from a backlight apparatus (not shown) disposed on the back side of the TFT

array subgérase 18yefsbéhegl t@hh ameiKgningnd owide ¢Hensat bsitop di splay
regi on 100c, as indicated %y arrow LB, the light is incident fromthe TFT
array subgiocn} ead@ théocdher!| fhuter crystaéflayetonOdispbaniney it is

|l ight-nmodul ated in the liquid crystal layer 50, it is emtted fromthe
count erpsebstalal e 2Ompriset a assodsdi onldr sphgriahhtayer dbsiph@y i mages
(transm ssi on node). 28 [0054] Further, with regard to the external Iight
i nci denthickertaedcbavieg subsrrewer 2Chrematheityghegioritean theo the
reflection display region 100b, as indicated by LA the |ight passes
t hr oughfinet| colod Bayerinl| byeerso, Incblehetranelleghiveeti®etdng fil m 8a,
is reflected fromthe light reflecting film 8a, fasses througg the liquid
cryst al Cr¥§eRlc@e%yarn, SkpFet Bier Fokt eRbleRuRt Pl 2¥ptt 7t P2P5SR a
reflecting display light o disp{a i es (reflection, node). [0055] Wen
hor f or nRECRTRNCAY siPBor EhLEPElTales ot oty CransniSois

display light is emitted out after passing through the color

filter only once, if the color filter for transmission

display is made to have a wider chromaticity region than the

color filter for reflection display does, images can be

displayed with the same color in both of the transmission

display light and the reflection display light.

[0029]
Further, according to the present invention, the color

filter for transmission display may comprise a first color

material layer, and the color filter for reflection display

may comprise a first color material layer integrally formed

with the color filter for transmission display, and a second

color material layer formed above or below the first color



| i ght passes through the liquid crystal layer 50 twice, while the

transm ssion display light is emtted by passing through the liquid crystal
| ayer 50 just once, but in this enbodinment, by the |ayer-thickness
adjusting layer 25 formed in the reflection display region 100b, the |ayer
thickness d of the liquid crystal Iayﬁé 50 in the reflection display region
100b is formed considerably thinner than the |ayer thickness d of the
liquid crystal layer 50 in the transm ssion display region 100c. Due to
such structure, the retardation ([err]nd) can be optim zed in both of the
transm ssion display light and the reflection display light so as to
performa high quality display. [0056] Further, in this enbodi nent, the

| ayer-thicknes 29 adjusting layer 25 is formed on the counter substrate
20, that? gflﬁi 1#8%Substrate in which a TFT for switching pixel 30 is not
formed so trTHO#QE | ayer thickness d of the liquid crystal layer 50 in the
reflection disp regi on 100b becones thinner than the | ayer thickness d

of the Iiqui ryst.al 5| 0 jn.:thet Qn%ﬁ? i | S ion 100c. Due
to such strqu}etcjryel,&lglv%n&%/ otuag C{eﬁ’el ayag-t |cﬁe%§ tg{cﬁ ?s%ysr?gl ayer 25 1is
provi de . exp r L Senessyd i £ pogr aphy, s for

form ngg{l‘ﬁéeﬂ%:?ﬁﬁgﬁng? E%ggiﬁgr%a%i%%f?%g& 1%Pi%§not ?%lt\/\%(r;g% Ther ef or e,
the tragsplegthyeshifuid £THSh Al e d5b5€ 1@8;)5‘%1‘8 GompWer eld@bility and a
high quality of display can be provided. [0057] Further, in this

enbodi nent, tdesinterval between the TFT array substrate 10 and the counter
substrate 20 is defined by a columar protrusion 40 formed on the TFT array
subst r at [®eiétiption @f thedrpbodiinesitspl i s not di spersed between the TFT array
substrate 10 and the counter substrate 20. Due to such structure, even

t hough an umewenmassfertdat erbodiverdeuntertisulstessrg 26wt itom t he

| ayer-thickness adjusting |layer 25 |like the shape in this enbodi nent, a

pr obl enwihl vibe céxp heimedi te debesi hotitfhl feférence ftmctheondoawings t he gap
material remaining in a concave portion, does not occur. Therefore, since

t he preBisthess bt the dmeings obtieenfehbowimy degsgr tibsenatehd0 and t he
counter substrate 30 20 can be well defined, and the retardation

([err] nSedlearchetbpt FRFRRECI VR chR YR Ty §F MeMRpF ay2kardhblerenti gh quality.
[ 0058] Further, thjs enbodi nent Prpvides an advantage that the

| ayer - t PFHRRRPRRCR A LR T riF | BSRPeD 5§ oBLS ot 298t Hhe? ndhtmi ¥orkfty of the
filmthickness af lor . filter 24 even though the color filter 24 is

th
for med H§CUSTht? l%pf%C &t T H%0d, since the color filter 24 is forned

before the I@%%?thickness adjusting layer 25 is forned. [0059] [ Second
enbodi ment | 6 is a sectional view of a part of the pixel of

[First Embodiment]

(Basic structure of a transflective liquid crystal
device)

FIG. 1 is a plane view of a transflective liquid
crystal device according to the present invention looking at
component elements and a counter substrate, and FIG. 2 is a
sectional view taken along the line of H-H' of FIG. 1. FIG.
3 is an equivalent circuit diagram showing various elements,
wirings, etc. in a plurality of pixels formed in a matrix
shape in the image display region of the transflective

liquid crystal device. Further, in the following



the transflective liquid crystal device according to a second enbodi nent of
the present invention taken along the line GC of FIG 4. Further, in the
configuration of this enbodi ment and any configuration to be described
below, a basic structure is the sane as that of the first enbodi nent.
Therefore, the common elenments will be designated with the sane nuneral to
omit the description thereof, and onl $6the structure of a counter substrate
which is a feature of each enbodi nent will be explained. [0060] On a
counter substrate 20 shown in FIG 6, the layer thickness d of a liquid
crystal layer 50 in a reflection display region 100b is considerably

thi nner than the | ayer 31 thickness d of a liquid crystal layer 50 in a

transm ssi on. di spl ay, regi on, 100c a transparent | ayer-thick s adj usting
| ayor ASLETIREFERT RS RER R Thela STttt SESEt S b A00TE Due to
such struc he retar ion. ([er d), ¢ be ti.mzed in hoth of the
tr ansm ShEoHiGs A1 AFHERFBL Mac TR B IR o ' TS o

per f or i gh. i i splay. : e i .S: odi nent, the

| ayer - ﬁ%@&&ﬂg% ués %%gécpa@%rrég&@%%ﬂrréegﬁgnt}%%eé%%ﬁlnf r’ substrate 20,
that is, on gqggsubstrate in which a TFT for switching pixel 30 is not
formed so that the layer thickness d of the liquid crystal layer 50 in the
reflection dissplmv a9 FTGO0D heeomes 4 rheir lhan J¥da ilamer thickness d
of the liquid crystal layer 50 in the transm ssion display region 100c. Due

to suchcsfétiel WEvieyenod hoEigime herd sumer - iV ekness a6l Msif ightayer 25 is
provi ded, the exposure preciseness in a photolithography process for

form ngsiidte it 30 Diqiie JfstdY dyapedsio ade dd) dBediotid ytachl Therefore,
the transflective liquid crystal device 100 having a high reliability and a
hi gh quedtéwyiall sid aye bdrbdiewgsmva dELT 410662 ] s\t teette | 10 t ha st =rdiodi nment
the interval between the TFT array substrate 10 and the counter substrate
20 i s defamswhisnt heulootrarer prdta wrtel) fwrstechton 2he(dFSecor8? array
substrate 10, and a gap material is not dispersed between the TFT array
subst r sikansrarent neuksimate) sibkeh are 2palmd by aweakindcture, even

t hough a unevenness exists on the counter substrate 20 due to the

| ayer - tHAe&ineds 244 A4 Ry Pesihernl inar thel dmap? 1a0e 105 &nbbdhbent, a

Tt or | 0 TR T TR o1 ot TN ¢ 1or B oH o T EGRR O et or o, el nce
count eSS 5GP R VAL (TRRET S The PeidR AL HHAF ([err]nd) can
Fur  herd FEE AT EROH T Pt i 3 el YRt St i S egi on 1000
2nd t he Loy L AR (60 Ol pUF I i VIR egligte =b
transmigst on £ S5 ay1fd s nethid o £ hend rems N Sisd Pns &b Sk e @) on 100c,

and a color filter for reflection display 242 fornmed in the reflection
di spl ayan®d aftah@0ing anthd heyiviavge dhecsarrel d4 | 18 thoekaesslobgttwdie col or

filter for transm ssion display 241 has a wider chromaticity region than
t he colairdds Iriergimor iref | @ed | Dideli sedmye 2idde 5y NCeA tikbyrdbley dbf f er ent col or
materials or blending anount. [0064] Therefore, in the transflective liquid
cryst alwideimige 105 are provided on the rest of the one side of the

TFT array substrate 10 to connect between the scanning line

driving circuits 104 provided in both sides of the image

display region, and additionally, a pre-charge circuit or a

test circuit can be provided by using the downside of the

peripheral partition 53, or the like. Further, an up-down

conductive material 106 is formed on at least one of the



33 100, while the transm ssion display light is emtted by passing the
color filter once, the reflection display |light passes through the color
filter twice. However, since the chromaticity region of the color filter
for transmi ssion display 241 is wider than that of the color filter for
reflection display 242, inages can bel?isplayed with the sane color in both
of the transm ssion display |ight and"the reflection display |ight. [0065]
|f-the color filter for transm ssion display 241 is nade thicker than the
color filter for reflection display 242 such that the chromaticity region
of the color filter for transm ssion display 241 beconmes w der than that of
the color filter for reflection display 242, the effect by the

oo (REERRT oReer Ry FEoHE ool oS &0 i wadidk &ufon i opi ay
accor oi RET B Tl v B s B LTl I Bl s T gy to
the contiars AR E AU CRREr o 65) B et Tole i e BB, °Fe ool or
transm Soane S0 L 0F R ol PO b B DA e L qui 0

crystal cdRyse e PRANEED W11 LFRESI S51 .00 kH S 81 reg] dy 100¢ wnd the
reflection display region 100b can be optimzed by the |ayer thickness

di fferersem@d iherkd worfidd eis 24d, inkdedr i Fepish td PNl dderdmyer - t hi ckness
adjusting layer 25. [0067] [Third enbodinent] FIG 8 is a sectional view of

a part mdtéheapix®e] of the transflective liquid crystal device according to
a third enbodi mrent of the present invention taken along the Iine CC of

FIG 4. (00680341 the first and second enbodi nents, the |ayer thickness
adjusting layer 25 is fornmed between the counter electrode 21 and the color
filter, but Furthers dmsdciatemtf fagrmeimgwihien dalt@ 18 nea dmiamsywar ent

| ayer-thickness adjusting layer 25 is selectively formed in a reflection

di spl ayc¥egith 1QDME| Yve sseviming i line doivinareiiesitonl @ spi dhe41
formed in a transm ssion display region 100c, and a color filter for

refl ectToh alf&pV aubstrats rﬁsfg« iﬁ\‘lp%l exanRke i oh i plare ajitomatoob. [ 0069]
Due to such, structure, the layer thickness d of a ljquid crystal |ayer 50
ina ret?‘?’é‘g‘[l?%)n YIRPIERLS 94 DT LV h e RIS ?ﬁnﬂé‘?y‘*ﬁ% the | ayer
thICkn%ﬁ%‘Léﬁpf%vided to be electrically or mechanically connected

with a terminal group provided in the peripheral region of
the TFT array substrate 10 through an anisotropic conductive
film. Further, in the transflective liquid crystal device
100, a polarizing film, a phase difference film, a
polarizing plate, etc. can be arranged in a predetermined
direction according to the types of the liquid crystal layer
50 being used, that is, an operation mode such as a TN
(twisted nematic) mode, a STN (super TN) mode, etc., or each
of normally white mode/normally black mode, but the
illustration thereof is omitted here. Further, in the case
of forming the transflective liquid crystal device 100 for

color display, each color filter of RGB is formed on the



35 liquid crystal layer 50 in a transm ssion display region 100c.

Therefore, the retardation ([err]nd) can be optimzed in both of the
transm ssion display light and the reflection display light so as to
performa high quality display. Further, in this enbodinent, by form ng the
| ayer -t hi ckness adjusting |ayer 25 on,the counter substrate 20, that is, on
the surface in which the TFT for swtching pixel 30 is not forned, since
the layer thickness d of the liquid crystal layer 50 in the reflection

di splay region 100b is nmade thinner than the |ayer thickness_d of the
liquid crystal layer 50 in the transm ssion display region 100c, even
though the layer-thickness adjusting layer 25 is provided, the exposure

B Ty sopanrat Subr R 2 AR, PR ot RN At Y T
I h f displ
can be p? %e%ﬂl&?%%%ﬁ‘&%ﬂ"ﬁ 9 R R S AR g

region gf I SS|on di splay 241 is mnder t han t hat
of the c ?€€ter %é &EE?I |on |splay 242. Therefore, inmages can be

dlsplayed\Mdej e sane colors in both of the transm ssion display |ight
and the reflection display light. [0071] 36 . Further, since the interval

bet ween t he TEFEIAY Niath FIRBIGALY JQARS WTe tERURLER SR le 1%@;61'&1 def i ned

by a columar protrusion 40 fornmed on the TFT array substrate 1 and a gap

mat eri atryStADtdeh SRersee heiyeanctde - hvyvay sbsidat el Grand 3he
counter substrate 20, even though an unevenness exists on the counter

subst r ad ep ADralitet § o f heitelyeriddd claresfomtgdisin ng matyeirx Zhapse praatd em i n

whi ch the device does not fulfill its function due to the gap materi al

remai niageixelh ebacttrnemded®d iam] adERT nidr cocikrchifipenefxorle, 3Gife t he

preci seness of the interval between the TFT array substrate 10 and the
count erdsifing atlee 20ixah ékeokltddeePdnade Godmedeineearbapiisrl(189d) can be
optim zed. Accordin gly a di splay can have a high quallt%' [0072] Furt her,

i n this? ediotli b 62 £ oHRR T inyg gt BFanales colorS44 | ter anst

transm ssion di sp Ia 241 is wder than that of the color filter for

ref ect$%ﬂ%|%%%flmlllbbﬁorﬁse%qﬁﬁwfq Fig gouxce et ddmmFtol®r filter 24
G Spl ay R gTH R QU B0 [Fourth e TET o P e | 2133%“0?121 Vi ew
oS Bt e Fiesch 10 R b B e oo

be supplied with group for a plurality of data lines 6a

neighboring each other. Further, a scanning line 3a is

electrically connected to the gate of the TFT 30, and

scanning signals Gl1, G2, --+ and Gm are applied line-

sequentially to the scanning line 3a in this order in pulse

at a predetermined timing. The pixel electrode %a is

electrically connected to the drain of the TFT 30, and the

pixel signals S1, S2, +-+ and Sn supplied from the data line

6a are written on each pixel at a predetermined timing by

maintaining the TFTs 30, which are switching elements, on-

state only for a predetermined period. By doing so, the

pixel signals S1, S2, --+ and Sn of a predetermined level,



37 line GC of FIG 4. [0074] In the first and second enbodi nents, the

| ayer thickness adjusting layer 25 is fornmed between the counter el ectrode
21 and the color filter, and in the third enbodi ment, the |ayer-thickness
adjusting layer 25 is forned below the color filter, but in this

enbodi nent, as shown in FIG 10, a trggsparent | ayer-thi ckness adj usting

| ayer 25 is selectively forned in a réflection display region 100b above a
color filter for transm ssion display 241 forned in a transm ssion display
region 100c, and a color filter for reflection display 242 is forned above
the | ayer-thickness adjusting |layer 25. [0075] Also, in the transflective
liquid crystal device 100 structured as above, the | ayer thickness d of a
liquid cr al lay 50.in.the reflection display regi,on.100b is

consi deEEERE? niRnERer RAROLRCCF¥S6RT: eRREbs SheoP L FIRATEPSE: P11 ayer
50 int ty 1. ssion displ [eg] e ore etardation

( On~d) %g‘% %%P‘?jp%igﬁ%“’%%% #glgb‘g{}ﬁegféf%%é?c?%%sgn?s%ﬁ?%ng a‘f%‘%‘?’%ﬁ i ght and t he
reflect] j ay, | Lgh o p j i i urt her,
R s A A TR e S RO S M T e W T
counter,sppsgrate 20, that is, on the surface which a TFT for swi tching

pi xel 3% I's not forned, since the 38 layer thickness d of the liquid
crystal layeroddkjin the reflection display region 100b is made thinner than
the |l ayer thickness d of the liquid crystal layer 50 in the transm ssion

di spl ay regimfe 10Qf:iEvarydthaudhdie Jaya dijaknass adjdsddtieond ayer 25 is
provi ded, the exposure preciseness in a photolithography process for

f or m ngotder T Sfe afioldeuTdd grody scbstdbie ) tise NDévéDwefed. Therefore,
the transflective liquid crystal device 100 having a high reliability and a
hi gh quedltygefamphbptdyteaordeiqpe ovhe edigh®0réduFakidwerand ntliidi s

enbodi nent, a chromaticity region of the color filter for transm ssion

di spl aygradat somidiespiavn tbataofoxhel bylwritfeé Inedef othe efhamtion di spl ay
242. Therefore, images can be displayed with the. sane colors in both of the
t ransm @i Ure dinpidgnt i hhghtrer speng cfheeugldnthe shiayidighystabo77]

Further, since the interval between the TFT array substrate 10 and the
count er1a3Y@%t 7t deoreaze e FFREAHRT at @ oFRAMYe L bR %R raPbedo fHRnkd on t he

TFT array s trate 10, and ap material _is not djspersed between the TFT
array s%%’%’{‘? ¥ R %}ﬁd“?‘ﬁ ’ C@Ej‘%t‘g‘r‘a%%gif raf et ,”é%‘ig?iﬁo HPR8n unevenness
exi sts on the caunter. subst ate.go due éf ihe Iaggrrthicknessegdjusting

layer 25253 ot eti9h chtkd cryst ayer is increas

according to the voltage applied. As a result, the light
having the contrast according to pixel signals S1, S2,
and Sn is emitted from the transflective liquid crystal
device 100 as a whole.

[0037]

Further, to prevent the leak of the held pixel signals
S1, 82, -++ and Sn, a storage capacitor 60 can be added
parallel with a liquid crystal capacitor formed between the
pixel electrode 9a and the counter electrode. For example,
the voltage of the pixel electrode %2a is held by the storage
capacitor 60 for a longer time as much as three digit period

than the time applied by the source voltage. By such




39 device does not fulfill its function due to the gap material remaining
in a concave portion, does not occur. Therefore, since the preciseness of
the interval between the TFT array substrate 10 and the counter substrate
20-can be well defined, and the retardation (Ond) can be optim zed,
accordingly a display can have a high2 uality. [0078] Further, in this
enbodi nent, a chromaticity region of the color filter for transm ssion
display 241 is wider than that of the color filter for reflection display
242, but as shown in FIG 11, color filters 241, 242 having the identical
| ayer thickness and chromaticity region for the transm ssion display region
100c and the reflection display region 100b can be formed. [0079] [Fifth
enbodi Xay I t of .t of t he
mep chﬁ']%qw décnrl&srf %r%@ éxeacé)%rfst"aé of u}e{‘

transflec Fve evi cé dccor o a f nent of the

Cecond, PSRN 44 k&?%aé%gsdff&‘%i‘peet%‘f%e&&%kn%egg%gédj ustfﬂg | ayer’
25 is Sﬁ%@fﬂ Vel frammet L of) et o, disnl  AQhe Ut d o

exanpl e, homn a transparent aye elng thinina

tr ansmﬁétl%‘d of‘%&r&ﬂl@kﬂ&%@é‘ré@@%éﬁ%%f‘%d hi Sk HdY %étfﬁcld?%f on

di splay region 100b can” be used as a | ayer- t hi ckness adj usting | ayer 25.

The | aygsrhih§ khesse ] tsdd MOt AYEINSS B rawtuiethds abovegathpe formed by

a nmet hod of fornlng the transparent |ayer twice by a photolithography

t echnol Q9 , s o f 4 GX QEHEHN o Pr 6 0f | 1Y MEthdtK ¢ BtEf M INd Mhtwerby a

phot ol i t hography technol ogy of perform ng a half exposure. [0081] [Sixth
enbodi nemdnfids 1ikBes 3 cECléadhbhg versdy s astppwrd iof F1e. B x&dn e t he
transflective liquid crystal device according to a sixth enbodi nent of the
pr esentempiveyedon taken along the line CC of FIG 4. [0082] In the first
to fifth enbodi nents, each provides a structure in which the

layer -t hi ckrié¥338ddj usting | ayer 25 is formed bel ow the counter electrode 21
as a transparent l|layer, but in the sixth and seventh enbodi nents descri bed
bel ow, a col Gtrudgtuge iofsd TEam e salbsdgate)ayer - t hi ckness adj usti ng

| ayer. [0085] As shown in FIG 13, the transflective |liquid crystal device
100 of this Efbodi rene RAEDe (Hiay &1 &r PR tio O Tt Pkt SEOBRSdi spl ay 241

];g][ rggtr?n E}H:%é%}nr%nesaséhonot Iesxpl ﬁy t'theeg 'IQEDT 1&9193rcéy asnu sa\:rameCkusCeo Olrn filter for
the transflective liquid crystal device of the present
invention. FIG. 5 is a sectional view of a part of the
pixel taken along the line C-C' of FIG. 4.

[0039]

In FIG. 4, pixel electrodes 9a (first transparent
electrode) made of a plurality of transparent ITO (Indium
Tin Oxide) films are formed in a matrix shape on a TFT array
substrate 10, and a TFTs for switching pixel 30 are
connected to each pixel electrode %a. Further, data line 6a,
scanning line 3a, and capacitor line 3b are formed along the
longitudinal and horizontal boundary of the pixel electrode

9a, and the TFT 30 is connected with the data line 6a and

the scanning line 3a. The data line 6a is electrically



41 242 formed on a reflection display region 100b by using a

phot ol i t hography technol ogy, a flexographic printing or ink jet printing
for a lower side of a counter electrode 21. [0084] Due to such structure,
the layer thickness d of a liquid crystal layer 50 in a reflection display
region 100b is considerably thinner than the |ayer thickness d of a liquid
crystal layer 50 in a transm ssion di§b|ay regi on 100c. Therefore, the
retardation (end) can be optimzed in both of the transm ssion display
light and the reflection display light so as to performa high quality

di splay. Further, in this enbodi nent, by form ng the |ayer-thickness

adj usting layer 25 on the counter substrate 20, that is, on the surface

i ckneSEBeoFeRb oo Caghi Sty Sohfe S e eRels dhediehE o <ol &) T egi on
100D TscHRdsLiLoner Lhangbelavere L) dkneesd of dhedigideysial | aver

50 in th Fransm ssfon di sp r egi on even T houg ayer-thickness

adj usti yer i t S4lk e cl i
photoli?ﬁgéga%h3g§%o%%£é9¥%$§g%$ﬁ?ﬁ%e¥ e #%T 31@5%§t e %%ﬁng$$ay substrate

10 i's ”9Eo££’?§@r8§pa&€6§f@6eistaﬁnfiﬁﬂééé%érv]?tlgéﬂuér@ kS f orflevi ce 100

having a high reliability and a high quality o i splay can be provided.

[ 0085] ;f:off‘@igﬂrif'_eéf_ & Ns &l SoRROEh Fefe 1m t Ner ST BBk 1164 tihd egipregy¥ a col or
filter Tor transm ssion display 24l is wider than that of the color filter

for ref bﬁﬁ.t&l@fh@“%_ﬂkéw 28 ocems sl D01 dwet hel &b nEsdOf 4 TOl pid neri al s or
bl endi ng anount. Therefore, imges can be displayed with the sane colors in

bot h of cabecitansminsi 3 & spl@ypét Fledttbddeovef 1aed | e diepdny |ight.
[0086 Also in this enbodinment, since the interval between the TFT array
subst r atkedOradel 4he counter substrate 20 is defined by a col umar
protrusion 40 fornmed on the TFT array substrate 10, and a gap material is
not di sperseld@tlween the TFT array substrate 10 and the counter substrate
20, even though an unevenness exists on the counter substrate 20 due to the

| ayer -t hi ckriéws safjtusmadg Migprero58-hey Rl diflan aamisdirudtediédsd ce does not

fulfill its function due to the gap nmaterial remaining in a concave

port i on2bepRst Heen iRy ThRrking £f $ice theshpvdri e - ot/ the interval
between_the TFT array substrate 10 and the counter, substrate 20 can be well
defi nedfoupdetirn r%?%?%%ﬂrb?l ’%@fﬁl)l]cd?f" e Optd M et R cYET a display

Fegi on GTREACHET 1Ak P10 TSreY < P dAEP RS T oLt Than that

of the polog,fHld&Tof 08 LEIAGSL AN SRl BYard2 oPWs 3S base
substance of the TFT array substrate 10, and an island-
shaped semiconductor film la of 30 to 100 nm in thickness is
formed on the surface of the foundation protecting film 11.
A gate insulating film 2 made of a silicon oxide film of
about 50 to 150 nm in thickness is formed on the surface of
the semiconductor film la, and the scanning line 3a of 300
to 800 nm in thickness is formed on the surface of the gate
insulating film 2. In the semiconductor film la, the region
facing the scanning line 3a and having the gate insulating
film 2 between them is a channel region la'. In the channel

region la', a source region having a low density source



43 shown in FIG 14, color filters 241, 242, each including identical color
materials but being different in the |ayer thickness, can be forned
respectively in the transm ssion display region 100c and the reflection

di spl ay regi on 100b. [0088] Further, as shown in FIG 15, a structure in
which a color filter 241 (a first colg material |ayer), having the sanme
chromaticity region and | ayer thickneSs as on the transm ssion display
region 100c, and a color filter 242 (a second color material |ayer), being
conprised of the different color material, are lam nated on the reflection
di splay region 100b can be enployed so as to nake a difference in the |ayer
t hi ckness. [0089] [ Seventh enbodinent] FIG 16 is a sectional view of a

t of _th ixel _of the, t flecti liquid |, deyi di t
Cevent hEABOR FErEn0r S hLohr SSERE Y YRR ot CHeh 1 oHy TP B G C of |
FIG 4. 0?9 % In %he first  to.sixth, enbodi nents,. the,layer-thickness
adjustilﬁér ag Pr98T) 27 Fedt D t had t N %¥1%Qm%t%%ﬁeg%ﬁg&EXu 2 hown in
FIG 16 : -t hi ' ' it
esin, Eadiph £ S TTORET SRASHD a BT netol P B SRS CEIO0L' OF
TFT arrgyner48asHbstatss10 by using a photolithography technol ogy, a
fl exographic printing nethod or ink jet printing nmethod so as to optimze

the retardatjgqyy©Ond) in both of the transm ssion display Iight and the
reflection display light. (009Z] Further, in the exanple shown in FIG 16,

the layer tckitaas adjdstin a8 10 ind 4 afdmRd J¥el0Ve A dHILURINRS S
formng | ayer 13a, but the layer-thickness adjusting |ayer 15 can be forned

bet weenfamy bay®06, t&ONYO ihmi inichidendéoyprisi terméd soPi Kieé ehecicode 9a.
Further, if an interlayer adjusting layer 15 is forned bel ow the |ight

refl ectofigthél TFBafot hewl ayleing hp Ckabs30 adindta ngut tyes pgbhotsctibignecessary
to be limted to a transparent film [0092] [Ei ghth enbodi nent]
film (not shown) made of a silicon nitride film of 100 to
300 nm in thickness, may be formed on the surface of the
interlayer insulating film 4. A data line 6a, being 300 to
800 nm in thickness, is formed on the surface of the
interlayer insulating film 4, and the data line 6a is
electrically connected to a high density source region 1d
through the contact hole formed on the interlayer insulating
film 4. A drain electrode 6b, formed together with the data
line 6a, is formed on the surface of the interlayer
insulating film 4, and the drain electrode 6b is
electrically connected to a high density drain region 1le
through the contact hole formed on the interlayer insulating
film 4.
[0042]
An unevenness forming layer 13a made of a first

photosensitive resin, is formed on the upper surface of the

interlayer insulating film 4 with a predetermined pattern,



FIG 17 is a sectional view of a part of the pixel of the transflective
liquid crystal device according to a eighth enbodi nent of the present
invention taken along the line CGC of FIG 4. [0093] In the first to
sevent h enbodi nents, the retardation (~nd) in both of the transm ssion
display light and the reflection display light is optim zed by adding the
| ayert hi ckness adjusting |layers 15, 2%3 but for exanple, as shown in FIG
17, by elimnating an upper-layer insulating film7a 45 on the

transm ssion display region 100c of the TFT array substrate 10, the total
t hi ckness of the filnms forned bel ow the pixel electrode 9a is thick on the
reflection display region 100b, and is thin on the transm ssion display
regi on 10Qc_so_that

e la ckness. d f d_crystal |ayer 50 can
be g uePdaah BHBAE LoV RE, TERBOAERER: £Fin ¢ BB aVE Brbtc Mt ot ho
exanp! eBpdtqBEhLRLILR0, L0R adLusbpRal of the subslratecgar 53 ' G

protrusto | T qui crys eV|ce avi n he | ayert hi ckness
adj usti 5 e unt e 20, e il lustrated, but
t he adjgg?kgﬁﬁégg %gﬁgﬁ strg%lEI 1§8 ?%hégggﬁaﬁéargp%o rusion 40 can be

al so pe&é@igéglhg E?Em'éguh9d8r¥§t§£ Qfﬂhfﬁuﬂafiﬂﬂ toec! ayeL - fhigkpess
adj usting layer 25 formed on the TFI array substrate 10.’ [0095] Further,

the colaﬁneﬁep59£fyéé08f49heaﬁpp@ripap@9 PRstDgL cRYNEeImSuPstrate 20.
[ 0096] Furthernore, in the above enbodi ments, the exanple of using a TFT as

an acti ygedet¥bee, f ah §Méir§ﬁh895f\>ﬁ)é§{:et§ sd;ly§tf@hﬁ@ld buitte t ShprAEdm di ode
device (TFD deV|ce) such as an M devi ce (Metal Insulator Metal device),
etc. aso#@nthétivghtlevéEbettihfefsmaesapyt@npdet &hsohevph@yLd. 46
concave portion 8c and a convex portion 8b by reflecting the
unevenness of an unevenness forming layer 13a through the
upper-layer insulating film 7a.
[0043]
Here, a light transmitting window 8d is formed on the
light reflecting layer 8a. Due to such structure, the light
reflecting film 8a forms a reflection display region 100b in
the pixel region 100a in which the pixel electrode 9a faces
the counter electrode 21. Further, the remaining region in
which the light reflecting film 8a is not formed (light
transmitting window 8d) forms a transmission display region
100c.
[0044]
The pixel electrode %a made of an ITO film, is formed
above the light reflecting film 8a. The pixel electrode 9a
is directly laminated on the surface of the light reflecting

film 8a, and the pixel electrode 9%9a is electrically

connected to the light reflecting film 8a. Further, the



[0097] [Application of the transflective liquid crystal device in an

el ectroni c apparatus] The transflective |iquid crystal device 100
structured as above can be used as a display unit of various electronic
apparatus, and the exanples are explained in reference to FIGS. 18, 19, and
20. [0098] FIG 18 is a block diagramgf the circuits of the electronic
apparatus using the transflective liquid crystal device according to the
present invention as a display unit. [0099] In FIG 18, the electronic
apparatus includes an output source of display information 70, a display
information processing circuit 71, a power source circuit 72, a timng
generator 73, and a liquid crystal device 74. In addition, the liquid

crystal device.74 _includes,a |liquid.crystal display pan 75 _and a driving
cl Y out t PYECLTRACCERRER! B £ 9eot PbFaCalg¥; SPODEGFEY 380ThS GESLRI bed above
G Spl aySLAFGERaEi R SOEPRERLEES "SoRERGEy e len"ABREY AONFtRend Only Mmory).
an RAM gﬁ%@ggghsitive resin layer 7a and the interlayer insulating

film 4.

[0045]

An oriented layer 12 made of polyimide film is formed
on the surface of the pixel electrode 9a. The oriented
layer 12 is a film in which a rubbing-treatment is performed
for the polyimide film.

[0046]

Further, a capacitor line 3b as an upper electrode
faces the extension portion 1lf (lower electrode) extended
from the high density drain region le through an insulating
film (dielectric film) formed together with the gate
insulating film 2 to form a storage capacitor 60.

[0047]

Further, this embodiment forms a plurality of columnar
protrusion 40, of 2 to 3 pum in height and being comprised of
transparent polyimide resin, etc. in each pixel 100a above
the capacitor line 3b, and the interval between the TFT
array substrate 10 and the counter substrate 20 is defined
by such columnar protrusion 40. Due to such structure, a
gap material is not dispersed between the TFT array
substrate 10 and the counter substrate 20 in the

transflective liquid crystal device 100 of the present



Access Menory), etc., a storage unit such as various disks, etc., and a
tuning circuit for tuning-outputting digital 47 image signals, or the

| i ke, and display information such as inmage signals in a predeterm ned
format is supplied to the display information processing circuit 71
according to various clock signals geggrated by the timng generator 73.

[ 0101] The display information processing circuit 71 includes w del y-known
various circuits such as a serial-parallel conversion circuit, an
anplification ~ inversion circuit, a rotation circuit, a gamm correction
circuit, a clanp circuit, etc., and perforns the processing of input
display information so as to supply the image signal to the driving circuit
76 al on g%ﬁ{&%ﬁe clock signal (CLK). The power source circuit 72 supplies
a predeterm ned voltage to each conponent elenent. [0102] FIG 19
illustrates @ ]table personal conputer as one exanple of the electronic
appar atus accordi'ng to the present invention. The personal conputer 80

i nel ud it i s and g iyl | displ
I ncludes a q‘?%%{lﬁyd C@%S[&g*lﬁ‘ E}?)Sgalﬂ%%él}%{lnggﬂas aRd 13g i@yl drggstal display

unit 83. The ay uni is structured to include the

transflgellyendd Wby &l VSt alafavi e 00 A6 dasailed . anove, k@3] FIG 20

illustrates a nobile phone as anot her exanple of the el ectronic apparatus

accor di il ©i tPei LS notdSidWeidd oh alhedii | @ phogeRfidgyaldides a
plurality of manipul ating buttons 91 and a display unit provided with the

transfl@clowedénsit @ £aysdal rétpire eld Mhdisa desErddiadi apaweai 0104] [Effects
of the Invention]

region lc. Further, the TFT 30 may be a self-align typed
TFT in which a high density of impurity ions are injected
using a gate electrode (a part of a scanning line 3a) as a
mask, and a high density source and drain regions are formed
in a self-matching manner.

[0049]

Further, this embodiment has a single gate structure
such that one gate electrode (scanning line 3a) of the TFT
30 is arranged between the source and the drain regions, but
two or more gate electrodes can be arranged between them.
In such case, an identical signal is applied on each gate
electrode. As above, if the TFT 30 has a structure of a
dual-gate (double gate) or a triple gate or more, it is
possible to prevent leak current in the connection portion
of the channel and the source-drain regions, and is possible
to reduce current in off-state. If at least one of the gate
electrodes is made in an LDD structure or an in off-set
structure, the off-set current can be further reduced, and a

stable switching device can be achieved.



As descri bed above, according to the present invention, since the |ayer

t hi ckness of the liquid crystal layer in the reflection display region is
made thinner than the |ayer thickness of the liquid crystal layer in the
transm ssion display region on the first transparent substrate and the
second transparent substrate, even thgoggh the reflection display |ight
passes through the liquid crystal |ayer twice while the transm ssion
display light is emtted out after passing through the liquid crystal |ayer
only once, the retardation (Ond) can be optim zed in both of the

transm ssion display light and the reflection display light. Further, in
the present invention, even though an unevenness is formed on the surface
of the first 64$§Fparent substrate or the second transparent substrate by
adj usting th% I'ckness of the liquid crystal |layer, the substrate gap can

be adj usted @’%MI&L&OJ gg?aar é’cflﬁut{e‘iSisbebsfi_fFarﬁ on the first transparent
rate,

substrate or e secon ransparent subs and a gap material is not

di sper sed. Rye, L0l SWMALUIR I JAbHVAAINT 0 bl Substrate gap
u

does not occur gap material comng into a concave portion of the
49 unevennesssiier g hei 1RYSS,; 18 CkiEpsSy agli pid b gnd St Detyeenadpe first

transparent substrate and the second transparent substrate, the retardation

(Ond) caprbschebecin po ppthoamstete. rdhesef pi&ing thigh quality of display
can be perfornmed. [Brief Description of the Drawings] [FIG 1] FIG 1 is a

pl ane viengPfudihd BNsnd edt Veonht AL Koerdst vl pstevisie F caidlipixdéD the
present invention |ooking at a counter substrate. [FIG 2] FIG 2 is a

sect i onalevtead®f 94| formed akentlad OrET tderdy neulodtthtd . 1§ Fl&nd 3ghé&l G 3 is
an equivalent circuit diagram show ng

counter electrode 21 (a second electrode) made of an ITO

film, is formed above the light shielding film 23. An

alignment film 22 made of a polyimide film, is formed above

the counter electrode 21, and the alignment film 22 is a

film in which a rubbing treatment is performed for the

pelyimide film.

[0051]

Further, below the counter electrode 21 of the counter
substrate 20, RGB color filters 24, of 1 to several um in
thickness, are formed by using a photolithography technology,
a flexographic printing or ink jet printing, in the
reflection display region 100b and the transmission display
region 100c. The color filters 24 are integrally formed in
the reflection display region 100b and the transmission
display region 100c¢, and the thickness thereof is uniform in
the reflection display region 100b and the transmission
display region 100c.

[0052]




conponent elenents, etc. formed on a plurality of pixels in a matrix shape
in the transflective liquid crystal device. [FIG 4] FIG 4 is a plane view
showi ng the configuration of each pixel on a TFT array substrate of the
transflective liquid crystal device according to the present invention.
[FIG 5] FIG 5 is a sectional view of the transflective liquid crystal
device according to a first enbodi nent?’of the present invention taken al ong
the line GC of FIG 4. 50 [FIG 6] FIG 6 is a sectional view of the
transflective liquid crystal device according to a second enbodi nent of the

Further, in this embodiment, a layer-thickness
adjusting layer 25 is formed between the counter electrode
21 and the color filter 24, that is, below the counter
electrode 21 such that the layer thickness d of the liquid
crystal layer 50 in the reflection display region 100b
becomes thinner than the layer thickness d of the liquid
crystal layer 50 in the transmission display region 100c.
In this embodiment, the layer-thickness adjusting layer 25
is a transparent layer, of 2 to 3 um in thickness and made
of acryl resin or polyimide resin, etc., which is
selectively formed in the reflection display region 100b by
using a photolithography technology, a flexographic printing
or ink jet printing.

[0053]

(Operation and effect of the Invention)

Therefore, in the liquid crystal structured as above,
with regard to the light emitted from a backlight apparatus
(not shown) disposed on the back side of the TFT array
substrate 10, as the light incident into the transmission
display region 100c, as indicated by arrow LB, the light is
incident from the TFT array substrate 10 into the liquid
crystal layer 50, and after it is light-modulated in the
liquid crystal layer 50, it is emitted from the counter
substrate 20 as a transmission display light to display

images (transmission mode).



present invention taken along the line GC of FIG 4. [FIG 7] FIG 7 is a
sectional view of the transflective liquid crystal device according to a
nodi fication of a second enbodi nent of the present invention taken al ong
the line CC of FIG 9. [FIG 8] FIG 8 is a sectional view of the
transflective liquid crystal device acgording to a third enbodi ment of the
present invention taken along the line CGC of FIG 4. [FIG 9] FIG 9 is a
sectional view of the transflective liquid crystal device according to a
nodi fication of a third enbodi nent of the present invention taken along the
line CC of FIG 4. [FIG 10]

[0054]

Further, with regard to the external light incident
from the counter substrate 20, as the light incident into
the reflection display region 100b, as indicated by LA, the
light passes through the liquid crystal layer 50, reaches
the light reflecting film 8a, is reflected from the light
reflecting film 8a, passes through the liquid crystal layer
50 again, emitted from the counter substrate 20 as a
reflecting display light to display images (reflection mode).

[0055]

When performing such display, the reflection display
light passes through the liquid crystal layer 50 twice,
while the transmission display light is emitted by passing
through the liquid crystal layer 50 just once, but in this
embodiment, by the layer-thickness adjusting layer 25 formed
in the reflection display region 100b, the layer thickness d
of the liquid crystal layer 50 in the reflection display
region 100b is formed considerably thinner than the layer
thickness d of the liquid crystal layer 50 in the
transmission display region 100c. Due to such structure,
the retardation (An-d) can be optimized in both of the
transmission display light and the reflection display light
so as to perform a high quality display.

[0056]

Further, in this embodiment, the layer-thickness



FIG 10 is a sectional view of the transflective liquid crystal device
according to a fourth enbodi nent of the present invention taken along the
line GC of FIG 4. [FIG 11] FIG 11 is a sectional view of the
transflective liquid crystal device according to a nodification of a fourth
51 enbodi nrent of the present invention taken along the line CC of FIG 4.
[FIG 12] FIG 12 is a sectional viewad the transflective liquid crysta
device according to a fifth enbodi nent of the present invention taken al ong
the line GC of FIG 4. [FIG 13]

adjusting layer 25 is formed on the counter substrate 20,
that is, on the substrate in which a TFT for switching pixel
30 is not formed so that the layer thickness d of the liquid
crystal layer 50 in the reflection display region 100b
becomes thinner than the layer thickness d of the liquid
crystal layer 50 in the transmission display region 100c.
Due to such structure, even though the layer-thickness
adjusting layer 25 is provided, the exposure preciseness in
a photolithography process for forming the TFT 30 on the TFT
array substrate 10 is not lowered. Therefore, the
transflective liquid crystal device 100 having a high
reliability and a high quality of display can be provided.

[0057]

Further, in this embodiment, the interval between the
TFT array substrate 10 and the counter substrate 20 is
defined by a columnar protrusion 40 formed on the TFT array
substrate 10, and a gap material is not dispersed between
the TFT array substrate 10 and the counter substrate 20.
Due to such structure, even though an unevenness exists on
the counter substrate 20 due to the layer-thickness
adjusting layer 25 like the shape in this embodiment, a
problem in which the device does not fulfill its function
due to the gap material remaining in a concave portion, does
not occur. Therefore, since the preciseness of the interval

between the TFT array substrate 10 and the counter substrate



FIG 13 is a sectional view of the transflective liquid crystal device
according to a sixth enbodi nent of the present invention taken along the
line GC of FIG 4. [FIG 14] FIG 14 is a sectional view of the
transflective liquid crystal device according to a nodification of a sixth
enbodi nent of the present invention t%en along the line CC of FIG 4.
[FIG 15] FIG 15 is a sectional view of the transflective liquid crystal
devi ce according to another nodification of a sixth enbodi nent of the
present invention taken along the line CC of FIG 4. [FIG 16] FIG 16 is
a sectional view of the transflective liquid crystal device according to a
sevent h enbodi nent of the

20 can be well defined, and the retardation (An-d) can be
optimized, accordingly a display can have a high quality.

[0058]

Further, this embodiment provides an advantage that the
layer-thickness adjusting layer 25 does not cause the non-
uniformity of the film thickness of the color filter 24 even
though the color filter 24 is formed by using a spin coating
method, since the color filter 24 is formed before the
layer-thickness adjusting layer 25 is formed.

[0059]

[Second embodiment]

FIG. 6 is a sectional view of a part of the pixel of
the transflective liquid crystal device according to a
second embodiment of the present invention taken along the
line C-C' of FIG. 4. Further, in the configuration of this
embodiment and any configuration to be described below, a
basic structure is the same as that of the first embodiment.
Therefore, the common elements will be designated with the
same numeral to omit the description thereof, and only the
structure of a counter substrate which is a feature of each
embodiment will be explained.

[0060]

On a counter substrate 20 shown in FIG. 6, the layer
thickness d of a liquid crystal layer 50 in a reflection

display region 100b is considerably thinner than the layer



present invention taken along the line GC of FIG 4. [FIG 17] 52 FI G
17 is a sectional view of the transflective liquid crystal device according
to an ei ghth enbodi nent of the present invention taken along the line CC
of« FIG 4. [FIG 18] FIG 18 is a block diagramof the circuits of the

el ectroni c apparatus enploying the transflective liquid crystal device
according to the present invention as3a display unit. [FIG 19] FIG 19 is

am explanatory view illustrating a portable personal conputer using the
transflective liquid crystal device according to the present invention.
[FIG 20] FIG 20 is an explanatory viewillustrating a nobile = tel ephone

using the transflective liquid crystal device according to the present

'nventlgﬁicﬁgggg 3lgf a liquid crystal layer 50 in a transmission

display region 100c by a transparent layef—thickness
adjusting layer 25 selectively formed in the reflection
display region 100b. Due to such structure, the retardation
(An+d) can be optimized in both of the transmission display
light and the reflection display light so as to perform a
high quality display.

[0061]

Further, in this embodiment, the layer-thickness
adjusting layer 25 is formed on the counter substrate 20,
that is, on the substrate in which a TFT for switching pixel
30 is not formed so that the layer thickness d of the liquid
crystal layer 50 in the reflection display region 100b
becomes thinner than the layer thickness d of the liquid
crystal layer 50 in the transmission display region 100c.
Due to such structure, even though the layer-thickness
adjusting layer 25 is provided, the exposure preciseness in
a photolithography process for forming the TFT 30 on the TFT
array substrate 10 is not lowered. Therefore, the
transflective liquid crystal device 100 having a high
reliability and a high quality display can be provided.

[0062]

Further in this embodiment, the interval between the
TFT array substrate 10 and the counter substrate 20 is

defined by the columnar protrusion 40 formed on the TEFT



FIG 21 is a sectional view of a conventional transflective liquid crystal
device. [Reference Nunerals] |la: SEM CONDUCTOR FI LM 2: GATE | NSULATI NG FI LM
3a: SCANNI NG LI NE 3b: CAPACI TOR LI NE 4: | NTERLAYER | NSULATI NG FILM 53 6a:
DATA LI NE 6b: DRAIN ELECTRODE 7a: UPPER- LAYER | NSULATI NG FI LM 8a: LI GHT
REFLECTI NG FI LM 8d: LI GHT TRANSM TTI NG W NDOW 8g:  UNEVENNESS PATTERN ON
SURFACE OF LI GHT REFLECTI NG

array substrate 10, and a gap material is not dispersed
between the TFT array substrate 10 and the counter substrate
20. Due to such structure, even though a unevenness exists
on the counter substrate 20 due to the layer-thickness
adjusting layer 25 like the shape in this embodiment, a
problem in which the device does not fulfill its function
due to a gap material remaining in a concave portion, does
not occur. Therefore, since the preciseness of the interval
between the TFT array substrate 10 and the counter substrate
20 can be well defined, and the retardation (An'd) can be
optimized, accordingly a display can have a high quality.

[0063]

Further, RGB color filters are formed in the reflection
display region 100b and the transmission display region 100c
below the counter electrode 21, and the color filter in this
embodiment means a color filter for transmission display 241
formed in the transmission display region 100c, and a color
filter for reflection display 242 formed in the reflection
display region 100b, and they have the same film thickness,
but the color filter for transmission display 241 has a
wider chromaticity region than the color filter for
reflection display 242 since they have different color
materials or blending amount.

[0064]

Therefore, in the transflective liquid crystal device



FI LM 9a: PI XEL ELECTRODE 10: TFT ARRAY SUBSTRATE 11: FOUNDATI ON PROTECTI NG
FI LM 13a: UNEVENNESS FORM NG LAYER 20: COUNTER SUBSTRATE 21: COUNTER
ELECTRODE 23: LI GHT SHI ELDI NG FI LM 24: COLOR FILTER 30: TFT FOR SW TCHI NG
Pl XEL 40: COLUWNAR PROTRUSI ON 60: STORAGE CAPACI TOR 70: LI QUI D CRYSTAL 100:
TRANSFLECTI VE LI QUI D CRYSTAL DEVI CE 1 gﬁz Pl XEL 100b: REFLECTI ON DI SPLAY
REA ON 100c: TRANSM SSI ON DI SPLAY RE 54 [Claims] [Caiml1l] A
transflective liquid crystal device conprising a first transparent
substrate having first transparent el ectrodes and pi xel sw tching el enents
formed on a surface in a matrix, a second transparent substrate having
second transparent el ectrodes fornmed on a surface facing the first

(ranopar gt Sheel e AR LAY G SR L ULy IS o g e (TSt
refleCtﬁQgsiﬁge{héScéfg£m¥hf%hérgiééfséhe reflection display light
passes through the color filter twice. However, since the
chromaticity region of the color filter for transmission
display 241 is wider than that of the color filter for
reflection display 242, images can be displayed with the
same color in both of the transmission display light and the
reflection display light.

[0065]

If the color filter for transmission display 241 is
made thicker than the color filter for reflection display
242 such that the chromaticity region of the color filter
for transmission display 241 becomes wider than that of the
color filter for reflection display 242, the effect by the
layer-thickness adjusting layer 25 can be damaged, but in
this embodiment, since the chromaticity region of the color
filter for transmission display 241 is made wider than that
of the color filter for reflection display 242 according to
the kinds of color materials or blénding amount, a damage to
the effect of layer-thickness adjusting layer 25 is not
caused.

[0066]

On the contrary, as shown in FIG. 7, by making the film
thickness of the color filter for reflection display 242

thicker than that of the color filter for transmission



transparent substrate, the light reflecting |layer having a reflection
display region forned in a pixel in which the first transparent el ectrode
faces the second transparent el ectrode and a transm ssion di splay region
formed in the remaining region of the pixel, wherein the first transparent
substrate and the second transparent substrate are fornmed such that the

| ayer thickness of the liquid crystal3tayer in the reflection display
region is thinner than the layer thickness of the liquid crystal layer in
the transm ssion display region, wherein a columar protrusion is formed on
a surface facing the 55 liquid crystal layer of the first transparent
substrate and/or the second transparent substrate, the colummar protrusion

SEZLEB”@%%EE@?‘Z%{*EI helTaref tg G et Y “%?ﬁ‘biéé?ﬁ e and
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of the orne e sec rode is thicker i'n the reflection

di spl ayy, 3958”]1%2@? i:l@i&ﬁ?e%éa@ﬁ‘%éﬁéﬁ’@e db 5Pty é&ﬂéf”fz‘ii@f‘é mgi, The

transfl ective urd crystal device according to aim1, wherein on the

surface;9p {Heabiiieioh! 89SPRE eNhySHbEk ] dkRed ACidudPind i tuy e csystal |ayer,
the total thickness of the filnms forned below the first electrode is

thicker int ¢efl ection display region than in the transm ssion display
region. [Claim4] The transflective liquid crystal device according to
Claiml, wheiedne@bbayeéntni ckness adjusting layer is fornmed on the surface
facing the liquid crystal |ayer of one transparent substrate of the first
transparent BLbsStd aite aangckdthiersec onicew reahspareartt csfuliste gdiexeslucdt t hat t he

| ayer thickness of the liquid crystal layer in the reflection display
regi on beeohesnshlenkive hbhiquhd ¢uystal &vice according to a third

embodiment of the present invention taken along the line C-
C' of FIG. 4.

[0068]

In the first and second embodiments, the layer-
thickness adjusting layer 25 1s formed between the counter
electrode 21 and the color filter, but in this embodiment,
as shown in FIG. 8, a transparent layer-thickness adjusting
layer 25 is selectively formed in a reflection display
region 100b below a color filter for transmission display
241 formed in a transmission display region 100c, and a
color filter for reflection display 242 formed in a
reflection display region 100b.

[0069]

Due to such structure, the layer thickness d of a
liquid crystal layer 50 in a reflection display region 100b

is considerably thinner than the layer thickness d of a



t hi ckness of the liquid crystal layer in the transm ssion display region.
[daim5] The transflective liquid crystal device according to C aim 4,
wherein the |ayer-thickness adjusting layer is formed on the second
transparent substrate. [Caim®6] The transflective liquid crystal device
according to Claimb5, wherein the |ayer-thickness adjusting layer is a
transparent |ayer which is selectivelysformed in the reflection display
region. [Claim7] The transflective liquid crystal device according to
Claim5, wherein the |ayer-thickness adjusting |layer is a transparent |ayer
which is thickly formed in the reflection display region, and is forned
thinner in the transm ssion display region than in the reflection display
region. . [Claim8] Th ransflective liquid, crystal, device according to
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o e BFERLS LAePSBRrEL BT R LEEA AT, LA 8y et e, T
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t he pixe or fiTter efl ecti formed in the

ref | ectipgpcdispl Ay 1904 0BuOYaLien 8AMBy St Aty titfe DL L i {0End 98

transm ssion display for the transparent layer. [C ai'm 10] The

transfls&ﬁhy@iﬁ%qyayeﬁrwt&h €RY 1 ESuREEPT S £ o 2 M G LF 5, Wagrein on
the surface of the second transparent substrate facing the |iquid crystal

| ayer, eh&ob@Ffdcetaf fRIichMeRSNTBBI for wdteing pOtSEB@bDYenst bel ow the
transparent layer in the transm ssion display region in the pixel, and a

col or ffbtwedf osimied | €lcd | DAyt sphiykhss$ od nefl e t heqsidlecopposite to the
color filter for transm ssion display for the transparent |ayer in the
refl ectiopedi 5Pl oy tlegi oafléctadm dildpTae teqirst | 22D vies Imayde d crysta
device according to Caim9 or 10, wherein a chromaticity region of the
col or fthiemes othan aplzer bayen thbpkrgss sd wh fethe habhauidhtcofstake col or

filter for reflection display. [Claim12] The transflective liquid crystal
devi ce layer 50 in the transmission display region 100c, even

though the layer-thickness adjusting layer 25 is provided,
the exposure preciseness in a photolithography process for
forming the TFT 30 on the TFT array substrate 10 is not
lowered. Therefore, the transflective liquid crystal device
100 having a high reliability and a high quality of display
can be provided.

[0070]

Further, also in this embodiment, a chromaticity region
of the color filter for transmission display 241 is wider
than that of the color filter for reflection display 242.
Therefore, images can be displayed with the same colors in
both of the transmission display light and the reflection
display light.

[0071]



according to Caim1l, wherein the color filter for transm ssion display
has a wide chromaticity region due to different kinds of color materials ox
bl endi ng amount fromthose of the color filter for reflection display.
[ aim13] The transflective liquid crystal device according to any one of
Clains 9 to 12, wherein the filn1thick§ ss of the color filter for
transm ssion display is the sane as th of the color filter for reflection
displ ay. 58 [Claim 14] The transflective liquid crystal device according
to any one of Clains 9 to 13, wherein the |layer thickness of the col or
filter for reflection display is thicker than the [ ayer thickness of the
color filter for transnission display. [Caim15] The transflective liquid
crystal devi cordln to,_d ai ein the_ | ay, t hi ckness adj usti ng
ayer compr i L85 e5o|6+ 7% EBF O TAN G S o REATED AR s thiniy
formed in. the di_spl ol ilter for
reflectﬁgﬁsﬁﬁ % angg tﬁl@ﬁg¥ gbﬁgrﬁg %@t?gngaﬁéBnggyeaion t han
t he col n S spl.ay..i.n X I 1 The

U gm g gﬁ BAT® (0o Yk T%? aPLA6! spbGrabiLish,

transflectlve dévi ce accor |ng erein’the

fg;g{ agkber Qgh%5ﬁg§gkzshQ”nQ%SBkéﬁekéeEOEH§9eEﬁoﬁhé Ek&SBrES or material

i'Ch | In-an de"chnromaticity region, and thé col or

filter Egﬁs&%ak@C&boanelgﬂhaxouﬁtgergﬁgszggebazéecgognceheﬁ gffekarial layer
which is thicker than and has a narrower chromaticity region than the first

col or mahekkahekdyekisks ahmehé] chhatkraggbkeehtyexbi auedeer yakal device
according to Claim15, wherein the color filter for transm ssion display is

fornmed filugerathitxhessl atjuBtenigalaayens, andptbelenl oh “hitar ther
reflection display is forned froma first color material layer integrally

fornmed wetlcehdoesS5otoFal fhilllt étsf dunttaoandasi oo dhepbap, mandraadecond
color remaining in a concave portion, does not occur. Therefore,
since the preciseness of the interval between the TFT array
substrate 10 and the counter substrate 20 can be well
defined, and the retardation (An-d) can be optimized.
Accordingly a display can have a high quality.

[0072]

Further, in this embodiment, a chromaticity region of
the color filter for transmission display 241 is wider than
that of the color filter for reflection display 242, but as
shown in FIG. 9, the common color filter 24 can be formed in
the reflection display region 100b and the transmission
display region 100c.

[0073]

[Fourth embodiment]
FIG. 10 is a sectional view of a part of the pixel of

the transflective liquid crystal device according to a

fourth embodiment of the present invention taken along the



material |ayer |am nated above or below the first color material |ayer.
[Caim 18] An el ectronic apparatus conprising a transflective liquid

crystal device according to any one of Clains 1 to 17 in a display unit.
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considerably thinner than the layer thickness d of a liquid

crystal layer 50 in the transmission display region 100c.

Therefore, the retardation (An-d) can be optimized in both

of the transmission display light and the reflection display

light so as to perform a high quality display. Further, in

this embodiment, by forming a layer-thickness adjusting

layer 25 on a counter substrate 20, that is, on the surface

which a TFT for switching pixel 30 is not formed, since the
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layer thickness d of the liquid crystal layer 50 in the
reflection display region 100b is made thinner than the
layer thickness d of the liquid crystal layer 50 in the
transmission display region 100c, even though the layer-
thickness adjusting layer 25 is provided, the exposure
preciseness in a photolithography process for forming the
TFT 30 on the TFT array substrate 10 is not lowered.
Therefore, the transflective liquid crystal device 100
having a high reliability and a high quality of display can
be provided.

[0076]

Further, in this embodiment, a chromaticity region of
the color filter for transmission display 241 is wider than
that of the color filter for reflection display 242.
Therefore, images can be displayed with the same colors in
both of the transmission display light and the reflection
display light.

[0077]

Further, since the interval between the TFT array
substrate 10 and the counter substrate 20 is defined by a
columnar protrusion 40 formed on the TFT array substrate 10,
and a gap material is not dispersed between the TFT array
substrate 10 and the counter substrate 20, even though an
unevenness exists on the counter substrate 20 due to the

layer-thickness adjusting layer 25, a problem in which the

10HH
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device does not fulfill its function due to the gap material
remaining in a concave portion, does not occur. Therefore,
since the preciseness of the interval between the TFT array
substrate 10 and the counter substrate 20 can be well
defined, and the retardation (An:d) can be optimized,
accordingly a display can have a high quality.

[0078]

Further, in this embodiment, a chromaticity region of
the color filter for transmission display 241 is wider than
that of the color filter for reflection display 242, but as
shown in FIG. 11, color filters 241, 242 having the
identical layer thickness and chromaticity region for the
transmission display region 100c and the reflection display
region 100b can be formed.

[0079]

[Fifth embodiment]

FIG. 12 is a sectional view of a part of the pixel of
the transflective liquid crystal device according to a fifth
embodiment of the present invention taken along the line C-
C' of FIG. 4.

[0080]

In the first, second, third and fourth embodiments, the
layer-thickness adjusting layer 25 is selectively formed in
reflection display region 100b, but for example, as shown in

FIG. 12, a transparent layer being thin in a transmission
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display region 100c and being thick in a reflection display
region 100b can be used as a layer-thickness adjusting layer
25. The layer-thickness adjusting layer 25 structured as
above can be formed by a method of forming the transparent
layer twice by a photolithography technoiogy, a flexographic
printing or ink jet printing, or by a photolithography
technology of performing a half exposure.

[0081]

[Sixth embodiment]

FIG. 13 is a sectional view of a part of the pixel of
the transflective liquid crystal device according to a sixth
embodiment of the present invention taken along the line C-
C' of FIG. 4.

[0082]

In the first to fifth embodiments, each provides a
structure in which the layer-thickness adjusting layer 25 is
formed below the counter electrode 21 as a transparent layer,
but in the sixth and seventh embodiments described below, a
color filter itself can be used as a layer-thickness
adjusting layer.

[0083]

As shown in FIG. 13, the transflective liquid crystal
device 100 of this embodiment has a thin color filter for
transmission display 241 formed on a transmission display

region 100c, and a thick color filter for reflection display
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242 formed on a reflection display region 100b by using a
photolithography technology, a flexographic printing or ink
jet printing for a lower side of a counter electrode 21.

[0084]

Due to such structure, the layer thickness d of a
liquid crystal layer 50 in a reflection display region 100b
is considerably thinner than the layer thickness d of a
liquid crystal layer 50 in a transmission display region
100c. Therefore, the retardation (An-d) can be optimized in
both of the transmission display light and the reflection
display light so as to perform a high quality display.
Further, in this embodiment, by forming the layer-thickness
adjusting layer 25 on the counter substrate 20, that is, on
the surface which the TFT for switching pixel 30 is not
formed on, since the layer thickness d of the liquid crystal
layer 50 in the reflection display region 100b is made
thinner than the layer thickness d of the liquid crysta}
layer 50 in the transmission display region 100c, even
though the layer-thickness adjusting layer 25 is provided,
the exposure preciseness in a photolithography process for
forming the TFT 30 on the TFT array substrate 10 is not
lowered. Therefore, the transflective liquid crystal device
100 having a high reliability and a high quality of display
can be provided.

[0085]

10 10
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Further, in this embodiment, the chromaticity region of
a color filter for transmission display 241 is wider than
that of the color filter for reflection display 242
according to the kinds of color materials or blending amount.
Therefore, images can be displayed with the same colors in
both of the transmission display light and the reflection
display light.

[0086]

Also in this embodiment, since the interval between the
TFT array substrate 10 and the counter substrate 20 is
defined by a columnar protrusion 40 formed on the TFT array
substrate 10, and a gap material is not dispersed between
the TFT array substrate 10 and the counter substrate 20,
even though an unevenness exists on the counter substrate 20
due to the layer-thickness adjusting layer 25, a problem in
which the device does not fulfill its function due to the
gap material remaining in a concave portion, does not occur.
Therefore, since the preciseness of the interval between the
TFT array substrate 10 and the counter substrate 20 can be
well defined, and the retardation (An-d) can be optimized,
accordingly a display can have a high quality.

[0087]

Further, in this embodiment, a chromaticity region of
the color filter for transmission display 241 is wider than

that of the color filter for reflection display 242, but as
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shown in FIG. 14, color filters 241, 242, each including
identical color materials but being different in the layer
thickness, can be formed respectively in the transmission
display region 100c and the reflection display region 100b.

[0088]

Further, as shown in FIG. 15, a structure in which a
color filter 241 (a first color material layer), having the
same chromaticity region and layer thickness as on the
transmission display region 100c, and a color filter 242 (a
second color material layer), being comprised of the
different color material, are laminated on the reflection
display region 100b can be employed so as to make a
difference in the layer thickness.

[0089]

[Seventh embodiment]

FIG. 16 is a sectional view of a part of the pixel of
the transflective liquid crystal device according to a
seventh embodiment of the present invention taken along the
line C-C' of FIG. 4.

[0090]

In the first to sixth embodiments, the layer-thickness
adjusting layer 25 is formed on the counter substrate 20,
but as shown in FIG. 16, a layer-thickness adjusting layer

15, made of a photosensitive resin, can be selectively

formed on a reflection display region 100b of a TFT array
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substrate 10 by using a photolithography technology, a
flexographic printing method or ink jet printing method so
as to optimize the retardation (An-d) in both of the
transmission display light and the reflection display light.

[0091]

Further, in the example shown in FIG. 16, the layer-
thickness adjusting layer 15 is formed below an unevenness
forming layer 13a, but the layer-thickness adjusting layer
15 can be formed between any layers, only if it is the lower
side of a pixel electrode 9a. Further, if an interlayer
adjusting layer 15 is formed below the light reflecting film
8a, the layer-thickness adjusting layer 15 is not necessary
to be limited to a transparent film.

[0092]

[Eighth embodiment]

FIG. 17 is a sectional view of a part of the pixel of
the transflective liquid crystal device according to a
eighth embodiment of the present invention taken along the
line C-C' of FIG. 4.

[0093]

In the first to seventh embodiments, the retardation
(An*d) in both of the transmission display light and the
reflection display light is optimized by adding the layer-
thickness adjusting layers 15, 25, but for example, as shown

in FIG. 17, by eliminating an upper-layer insulating film 7a



10tt!19%:110%t& ()-9%:110% & ()- '10%,& ()-)!'110%t& ()- Y'10%& ()-" SF9
10t 100010001000 y/ 10%0& ()-Y y/ 10% ()-Y

110% : & ()-"1109%& ()-"" 10%& ()- *~];-9 10 "1'"110% & ()-

c'110% ()-'"110% & ()- !'10%&R&& ()-"!'110% & ()- ,@0% & ()-$FcDO10 °
10t'110% & ()- !'10%& ()- !'10% & ()- elL1l0%u:& ()- 10% & ()- 10" 10 °
CkJ910" " 10t Y"& 109%& ()-:VY"& 10%v& ( 5. & 109 ()-& 109%v& ()-10%w&' ()- 10t
10t C4q A10° ° 10t!10% *& ()-F ys!'10% & () - @s! 10% o& () - @&10% o& ()- 10M 10M

on the transmission display region 100c of the TFT array
substrate 10, the total thickness of the films formed below
the pixel electrode 9a is thick on the reflection display
region 100b, and is thin on the transmission display region
100c so that the layer thickness d of a liquid crystal layer
50 can be adjusted.
[0094]

[Other embodiments]

In the above embodiments, the examples of performing
the adjustment of the substrate gap by the columnar
protrusion 40 in the liquid crystal device having the layer-
thickness adjusting layer 25 formed on the counter substrate
20 are illustrated, but the adjustment of the substrate gap
by the columnar protrusion 40 can be also performed in the
liquid crystal device having the layer-thickness adjusting
layer 25 formed on the TFT array substrate 10.

[0095]

Further, the columnar protrusion 40 can be formed on
the counter substrate 20.

[0096]

Furthermore, in the above embodiments, the example of
using a TFT as an active device for switching pixel is
illustrated, but a thin film diode device (TFD device) such
as an MIM device (Metal Insulator Metal device), etc. as an

active device in the same way can be also employed.
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[0097]

[Application of the transflective liquid crystal device in
an electronic apparatus]

The transflective liquid crystal device 100 structured
as above can be used as a display unit of various electronic
apparatus, and the—examples are explained in reference to
FIGs. 18, 19, and 20.

[0098]

FIG. 18 is a block diagram of the circuits of the
electronic apparatus using the transflective liquid crystal
device according to the present invention as a display unit.

[0099]

In FIG. 18, the electronic apparatus includes an output
source of display information 70, a display information
processing circuit 71, a power source circuit 72, a timing
generator 73, and a liquid crystal device 74. In addition,
the liquid crystal device 74 includes a liquid crystal
display panel 75 and a driving circuit 76. The
transflective liquid crystal device 100 as described above
can be used as the liquid crystal device 74.

[0100]

The output source of display information 70 includes a
memory such as an ROM (Read Only Memory), an RAM (Random

Access Memory), etc., a storage unit such as various disks,

etc., and a tuning circuit for tuning-outputting digital
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image signals, or the like, and display information such as
image signals in a predetermined format is supplied to the
display information processing circuit 71 according to

various clock signals generated by the timing generator 73.

[0101]

The display information processing circuit 71 includes
widely-known various circuits such as a serial-parallel
conversion circuit, an amplification * inversion circuit, a
rotation circuit, a gamma correction circuit, a clamp
circuit, etc., and performs the processing of input display
information so as to supply the image signal to the driving
circuit 76 along with the clock signal (CLK). The power
source circuit 72 supplies a predetermined voltage to each
component element.

[0102]

FIG. 19 illustrates a portable personal computer as one
example of the electronic apparatus according to the present
invention. The personal computer 80 includes a body unit 82
having a keyboard 81, and a liquid crystal display unit 83.
The liquid crystal display unit 83 is structured to include
the transflective liquid crystal device 100 as described
.above.

[0103]

FIG. 20 illustrates a mobile phone as another example

of the electronic apparatus according to the present
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invention. The mobile phone 90 includes a plurality of
manipulating buttons 91 and a display unit provided with the
transflective liquid crystal device 100 as described above.

[0104]

(Effects of the Invention]

As described above, according to the present invention,
since the layer thickness of the liquid crystal layer in the
reflection display region is made thinner than the layer
thickness of the liquid crystal layer in the transmission
display region on the first transparent substrate and the
second transparent substrate, even though the reflection
display light passes through the liquid crystal layer twice
while the transmission display light is emitted out after
passing through the liquid crystal layer only once, the
retardation (An-d) can be optimized in both of the
transmission display light and the reflection display light.
Further, in the present invention, even though an unevenness
is formed on the surface of the first transparent substrate
or the second transparent substrate by adjusting the
thickness of the liquid crystal layer, the substrate gap can
be adjusted by the columnar protrusion formed on the first
transparent substrate or the second transparent substrate,
and a gap material is not dispersed. Due to such structure,
the non-uniformity of the substrate gap does not occur due

to a gap material coming into a concave portion of the
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unevenness due to the layer-thickness adjusting layer
between the first transparent substrate and the second
transparent substrate, the retardation (An-d) can be held in
an optimum state. Therefore, a high quality of display can
be performed.
[Brief Description of the Drawings]

[FIG. 1]

FIG. 1 is a plane view of a transflective liquid
crystal device according to the present invention looking at
a counter substrate.

[FIG. 2]

FIG. 2 is a sectional view of FIG. 1 taken along the

line of H-H'.
[FIG. 3]

FIG. 3 is an equivalent circuit diagram showing
component elements, etc. formed on a plurality of pixels in
a matrix shape in the transflective liquid crystal device.

[FIG. 4]

FIG. 4 is a plane view showing the configuration of
each pixel on a TFT array substrate of the transflective
liquid crysfal device according to the present invention.

[FIG. 5]

FIG. 5 is a sectional view of the transflective liquid

crystal device according to a first embodiment of the

present invention taken along the line C-C' of FIG. 4.
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[FIG. 6]

FIG. 6 is a sectional view of the transflective liquid
crystal device according to a second embodiment of the
present invention taken along the line C-C' of FIG. 4.

[FIG. 7]

FIG. 7 is a sectional view of the transflective liquid
crystal device according to a modification of a second
embodiment of the present invention taken along the line C-
C' of FIG. 4.

[FIG. 8]

FIG. 8 is a sectional view of the transflective liquid
crystal device according to a third embodiment of the
present invention taken along the line C-C' of FIG. 4.

[FIG. 9]

FIG. 9 is a sectional view of the transflective liquid
crystal device according to a modification of a third
embodiment of the present invention taken along the line C-
C' of FIG. 4.

[FIG. 10]

FIG. 10 is a sectional view of the transflective liquid
crystal device according to a fourth embodiment of the
present invention taken along the line C-C' of FIG. 4.

[FIG. 11]
FIG. 11 is a sectional view of the transflective liquid

crystal device according to a modification of a fourth
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embodiment of the present invention taken along the line C-
C' of FIG. 4.
[FIG. 12]

FIG. 12 is a sectional view of the transflective liquid
crystal device according to a fifth embodiment of the
present invention taken along the line C-C' of FIG. 4.

[FIG. 13]

FIG. 13 is a sectional view of the transflective liquid
crystal device according to a sixth embodiment of the
present invention taken along the line C-C' of FIG. 4.

[FIG. 14]

FIG. 14 is a sectional view of the transflective liquid
crystal device according to a modification of a sixth
embodiment of the present invention taken along the line C-
C' of FIG. 4.

[FIG. 15]

FIG. 15 is a sectional view of the transflective liquid
crystal device according to another modification of a sixth
embodiment of the present invention taken along the line C-
C' of FIG. 4.

[FIG. 16]

FIG. 16 is a sectional view of the transflective liquid
crystal device according to a seventh embodiment of the
present invention taken along the line C~C' of FIG. 4.

[FIG. 17]
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FIG. 17 is a sectional view of the transflective liquid
crystal device according to an eighth embodiment of the
present invention taken along the line C-C' of FIG. 4.

[FIG. 18]

FIG. 18 is a block diagram of the circuits of the
electronic apparatus employing the transflective liquid
crystal device according to the present invention as a
display unit.

[FIG. 19]

FIG. 19 is an explanatory view illustrating a portable
personal computer using the transflective liquid crystal
device according to the present invention.

[FIG. 20]

FIG. 20 is an explanatory view illustrating a mobile
telephone using the transflective liquid crystal device
according to the present invention.

[FIG. 21]

FIG. 21 is a sectional view of a conventional

transflective liquid crystal device.
[Reference Numerals]

la: SEMICONDUCTOR FILM

2: GATE INSULATING FILM

35: SCANNING LINE

3b: CAPACITOR LINE

4: INTERLAYER INSULATING FILM
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6a: DATA LINE

6b: DRAIN ELECTRODE

7a: UPPER-LAYER INSULATING FILM

8a: LIGHT REFLECTING FILM

8d: LIGHT TRANSMITTING WINDOW

8g: UNEVENNESS PATTERN ON SURFACE OF LIGHT REFLECTING
FIIM

9a: PIXEL ELECTRODE

10: TFT ARRAY SUBSTRATE

11: FOUNDATION PROTECTING FILM

13a: UNEVENNESS FORMING LAYER

20: COUNTER SUBSTRATE

21: COUNTER ELECTRODE

23: LIGHT SHIELDING FILM

24: COLOR FILTER

30: TFT FOR SWITCHING PIXEL

40: COLUMNAR PROTRUSION

60: STORAGE CAPACITOR

70: LIQUID CRYSTAL

100: TRANSFLECTIVE LIQUID CRYSTAL DEVICE

100a: PIXEL

100b: REFLECTION DISPLAY REGION

100c: TRANSMISSION DISPLAY REGION
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[Claims]
[Claim 1] A transflective liquid crystal device

© comprising a first transparent substrate having first
transparent electrodes and pixel switching elements formed
on a surface in a matrix, a second transparent substrate
having second transparent electrodes formed on a surface
facing the first transparent electrodes, and a liquid
crystal layer held between the first transparent substrate
and the second transparent substrate,

| wherein a light reflecting layer is formed on the first
transparent substrate, the light reflecting layer having a
reflection display region formed in a pixel in which the
first transparent electrode faces the second transparent
electrode and a transmission display region formed in the
remaining region of the pixel, wherein
the first transparent substrate and the second

transparent substrate are formed such that the layer
thickness of the liquid crystal layer in the reflection
display region is thinner than the layer thickness of the
liquid crystal layer in the transmission display region,
wherein

a columnar protrusion is formed on a surface facing the
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liquid crystal layer of the first transparent substrate
and/or the second transparent substrate, the columnar
protrusion defining the substrate gap between the first
transparent substrate and the second transparent substrate
by protruding from one of the substrates and abutting
against the other substrate.

[Claim 2] The transflective liquid crystal device
according to Claim 1, wherein on the surface of the second
transparent substrate facing the liquid crystal layer, the
total thickness of the films formed below the second
electrode is thicker in the reflection display region than
in the transmission display region.

[Claim 3] The transflective liquid crystal device
according to Claim 1, wherein on the surface of the first
transparent substrate facing the liquid crystal layer, the
total thickness of the films formed below the first
electrode is thicker in the reflection display region than
in the transmission display region.

[Claim 4] The transflective liquid crystal device
according to Claim 1, wherein a layer-thickness adjusting
layer is formed on the surface facing the liquid crystal
layer of one transparent substrate of the first transparent
substrate and the second transparent substrate such that the
layer thickness of the liquid crystal layer in the

reflection display region becomes thinner than the layer
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display region.

[Claim 5] The transflective liquid crystal device
according to Claim 4, wherein the layer-thickness adjusting
layer is formed on the second transparent substrate.

[Claim 6] The transflective liquid crystal device
according to Claim 5, wherein the layer-thickness adjusting
layer is a transparent layer which is selectively formed in
the reflection display region.

[Claim 7] The transflective liquid crystal device
according to Claim 5, wherein the layer-thickness adjusting
layer is a transparent layer which is thickly formed in the
reflection display region, and is formed thinner in the
transmission display region than in the reflection display
region.

[Claim 8] The transflective liquid crystal device
according to Claim 6 or 7, wherein a color filter is formed
in the pixels on the surface of the second transparent
substrate facing the liquid crystal layer.

[Claim 9] The transflective liquid crystal device
according to Claim 6 or 7, wherein on the surface of the
second transparent substrate facing the liquid crystal layer,
a color filter for transmission display is formed above or
below the transparent layer in the transmission display

region in the pixel, and a color filter for reflection
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display is formed in the reflection display region on the
same side as the color filter for transmission display for
the transparent layer.

[Claim 10] The transflective liquid crystal device
according to Claim 6 or 7, wherein on the surface of the
second transparent substrate facing the liquid crystal layer,
a color filter for transmission display is formed above or
below the transparent layer in the transmission display
region in the pixel, and a color filter for reflection
display is formed on the side opposite to the color filter
for transmission display for the transparent layer in the
reflection display region.

[Claim 11] The transflective liquid crystal device
according to Claim 9 or 10, wherein a chromaticity region of
the color filter for transmission display is wider than that
of the color filter for reflection display.

[Claim 12] The transflective liquid crystal device
according to Claim 11, wherein the color filter for
transmission display has a wide chromaticity region due to
different kinds of color materials or blending amount from
those of the color filter for reflection display.

{Claim 13] The transflective liquid crystal device
according to any one of Claims 9 to 12, wherein the film
thickness of the color filter for transmission display is

the same as that of the color filter for reflection display.
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[Claim 14] The transflective liquid crystal device
according to any one of Claims 9 to 13, wherein the layer
thickness of the color filter for reflection display is
thicker than the layer thickness of the color filter for
transmission display.

[Claim 15] The transflective liquid crystal device
according to Claim 5, wherein the layer-thickness adjusting
layer comprises a color filter for transmission display
which is thinly formed in the transmission display region,
and a color filter for reflection which is formed thicker in
the reflection display region than the color filter for
transmission display in the pixel.

[Claim 16] The transflective liquid crystal device
according to Claim 15, wherein the color filter for
transmission display is formed from a first color material
layer which is thin and has a wide chromaticity region, and
the color filter for reflection display is formed from a
second color material layer which is thicker than and has a
narrower chromaticity region than the first color material
layer.

[Claim 17] The transflective liquid crystal device
according to Claim 15, wherein the color filter for
transmission display is formed from a first color material
layer, and the color filter for reflection display is formed

from a first color material layer integrally formed with the



59

color filter for transmission display, and a second color
material layer laminated above or below the first color
material layer.

[Claim 18] An electronic apparatus comprising a
transflective liquid crystal device according to any one of

Claims 1 to 17 in a display unit.



