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15 March 2006 LI QUI D CRYSTAL DI SPLAY 5 TECHNI CAL FI ELD ThFSEfqﬁa
invention relates to a liquid crystal display, nore partitT 2 e‘{}}Oéelates
to a liquid crystal display using reflection type display and transm ssion
type di splay together. 10 BACKGROUND ART Liquid crystal displays are being
used as displays of a broad spectruﬁléf'electronic appar at uses nmaki ng use
of their characteristics of being thin in shape and low in power
consunption. For exanple, there are | aptop type 15 personal conputers,

di spl ays for car navigation, personal digital assistants (PDAs), nobile
phones, digital caneras, video caneras, and other el ectronic apparatuses

using liquid crystal displays. %¥Ch | iguid crystal displays include,
roughly cl assified, transniggﬁgﬂF )&ﬁ??f&ﬁﬂ?# '¥ystal di spl ays
controlling the passage and bl ocking of |light froman internal |ight
source referred to as a- backlight by a liquid crystal panel to performthe
display and reflection type displays for reflecting sunlight or other
externals'light bTE&SHNICA&CEFIEADpl ate or 25 the like to control the passage
and bl ocking of this 15 March 2006 - 2 reflected light by the liquid
crystal panel anthpepfresentt heventpoay relates to a liquid crystal
-display, more particularly relates to a liquid crystal
display using reflection type display and transmission
type display together.
10 BACKGROUND ART
Liquid crystal displays are being used as displays
of a broad spectrum of electronic apparatuses making use
of their characteristics of being thin in shape and low
in power consumption. For example, there are laptop tvpe
i5 personal computers, displays for car navigation, persoconal
digital assistants (PDAs), mobile phones, digital cameras,
video cameras, and other electronic apparatuses using
liquid crystal displays. Such liquid crystal displays
include, roughly classified, transmission type liquid
20 crystal displays controlling the passage and blocking of
light from an internal light source referred to as a
backlight by a liquid crystal panel to perform the
display and reflection type displays for reflecting

sunlight or other external light by a reflection plate or

25 the like to control the passage and bleocking of this




- In a transmssion type liquid crystal display, the baCk|.§$%4§E§@$nts for
50 percent or nore of the total 5 power consunption, so | cult to

reduce the power consunption. Further, a transm ssion type liquid crystal
di splay al so has the problemthat the display |ooks dark where the anbient
light is bright, so the viewability s towered. On the other hand, in a

There i nbSproBEE bF Ik PN FBRse hiEhErSoNer PORSInBrtDR RGN { hef o 1 s

al so a problemthat _the viewability is sharply |owered when the amnbi ent
light is | ofPe AL8P48¥-to sol ve such problens of both of the 15

transm ssion type and reflection type display devices, a dual reflection
and transni ssi onIRypetrRrREMiSEipst AvPediligragd caxsitalng SR r &heni ssion
type display and reflection type display by one liquid crystal panel has
been proposkdckThgbtdagtonsteefbirohOaperteatispirsgpge EpdhR0 totgdi d crysta
di splay perfornms the display by the reflection of the anbient |ight when
t he surroungdongs edasulptgbh, wbilie per Haffichhe diospledydey thize pdowglit of
the backlight when the surroundings are dark. in a conventional dual

reflection apHstimdReBhsSFAPthd®, ! ¥Perhhaii dsebnst gbedusalum war,
t hough both ‘15 March 2006 - 3 {ransm ssi on type display and refl ection
type display; gpeayPLo¥bdfds tHE' BryBiem! BRaR RLCAE sHREY 1BRKUERENCe was
where the ambient light is bright, so the viewability is
lowered. On the other hand, in a reflection type liquid
10 crystal display, a backlight is not provided, so there is
no problem of an increase of the power consumption, but
there is also a problem that the viewability is sharply
lowered when the ambient light is low.
In order to solve such problems of both of the
15 transmission type and reflection type display devices, a
dual reflection and transmission type liguid crystal
display realizing both transmission type display and
reflection type display by one liquid crystai panel has
been propoSed. This dual reflection and transmission type
26 liquid crystal display performs the display by the
reflectioh of the ambient light when the surroundings aré
bright, while performs the display by the light of the
backlight when the surroundings are dark.

In a conventional dual reflection and transmission

25 type liquid crystal display, however, though both
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insufficient and the viewability |l ower than the usual ref i ype and
the usual transmssion type liquid 5 crystal displays. Ptf&%gﬁﬁgbgy, t he

conventional dual reflection and transm ssion type liquid crystal display
enpl oyed a liquid crystal panel configuration stressing reflection
di spl ay, so secured a wide area for Thé region for reflecting the anbient
i ght and secured.reflectance .10 sacrifictng,the transm.ssi.on |_um nance.
For exanpl o LS ABHESE Ok siP R PREEY: SBHnFEEREE S o VTR s T Sogtan:
Docunent 1) discl oses dual reflection _and ansmi ssi.on .type liquid
crystal di SBFAYLIaf; o thPGf Herer FopaPRaPLAMEy the totbd ALMIFGrea "REl | ect i on
liquid 15 crystal display utilizing the reflected |light of the _anbient
i ght and haRarésiepensharg dhepvifvekéliFvehaheri thafhdhet NVatbi ent |ight
is low However, a reflection and transm ssion type display device

' stressing theftettaeni typeypadi $henushaln typpemissiont dypeopliguddt ast es, so

" in the actual market, liquid crystal displays enploying transm ssion type

di spl ay ms arystah displayssyPhemiantdanigd heecohtrentfiionaPDasalnobil e
phones, l|aptop type personal conputers, displays for car navigation,
digital cameg@SectidBOafidmerafismebeiod5thpet hefuiBaterstBacdieplay menti ons

only color 15 March 2006 - 4 reproducibility as an item for inprovenent
and does nokmpfigyeal Be124UL 48! BeyRAY! phhg1! UBhRRRER AN LRFekRing
reflection display, so secured a wide area for the region
for reflecting the ambient light and secured reflectance
10 by sacrificing the transmission luminance.
For example, Japanese Examined Patent Publication No.
2955277 (Patent Documént 1) discloses a dual reflection
and transmission tYpe liquid erystal display. This liquid
crystal display is predicated on a reflection liquid
15 ecrystal display utilizing the reflected light of the
ambient light and handles the sharp drop in the
viewability when the ambient light is low.
However, a reflection and transmission type display
device stressing the reflection type is small in appeal
.20 to people’s tastes, so in the actual market, liquid
crystal displays employing transmission type display as a
main display system are used more often for PDAs, mobile
éhones, laptop type personal computers, displays for car
navigation, digital cameras, video cameras, etc.

25 Further, Patent Document 1 mentions cnly color




liquid crystal display. Further,, Japanese Unexam ned Pat g%&i’?o gat I on 5
(Kokai) No. 2000-111902 (Patent Docunent 2) simlarly di 59 liquid
..crystal display using reflection type display and transm ssion type display
together. In this |liquid crystal display, a window of a color filter for
i nproving the |um nance of the reflect o portion_is 10 arranged over t he

' fl .Qn. he |, | di di
Pat ent DocuRBRECDURAE LApES O HHE Mt Ao e A B I b hen t he

reflection regionis forned in a limted place, directivjty of the
reflected | A§R Pr\?oPPhaPéf§5‘é6‘H @G’OPFFe ‘ﬁhﬁcﬁél’éHPaF‘i%treéﬁ%q%‘i‘ Poccurs.
Further, the m ninmmsize of the windowis not defined, therefore when
transm ssi oAigipd @rypFitay KeE®FBY - the main display system the reflection
regi on cannot be reduced to the lowest Iimt. Note that in a liquid
crystal display, Further20 Japainesle &nexamimecyy @attien tviBukdhidatiprof t he

di splay both when used indoors and when used outdoors. For this reason,
in a duat rdkbkati)oNoan@oD0aNdniodL dPattyme Dioguinekndr 29t aimidiaafilyay, an

i nprovenent of the viewability is desirable for both of the case when it

is used as Hhgchekkachi 9Rgh3dt ¥Resad GH%pQ%@edgﬁﬂﬁlﬂéﬂrédﬁiﬂi
transm ssion 15 March 2006 -- 5 - type.- Particularly, as describe above
in pr acticeqy;igpshy ShaChraRishi IRRBRALYSRS 512, ttro%%%i&‘c-ﬁs' G g di splay
liquid crystal display, a window of a color filter for
improving the luminance of the reflection bortion is
10 arranged over the entire reflection regicon. In the liguid
crystal display according to Patent Document 2, the shape
of the window is not explained, but when the reflection
region is formed in a limited place, directivity of the
reflected light with respect to the incident light easily
15 occurg. Further, the minimum size of the window is not
defined, therefore when transmission type display becomes
the main display system, the reflection region cannot be
reduced to the lowest limit.
Note that in a liquid crystal display, it is
20 desirable to improve the viewability of the display both
when used indoors and when used outdoors. For this reason,
in a dual reflection and transmission type liquid crystal
‘display, an improvement of the viewability is desirable
for both'ef the case when it is used as the reflection

25 type and the case when it is used as the transmission
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as the main display systemrather than reflection type di sm. Therefore
it is desirable to inprove the 5 | um nance of the transm IS %p&é di spl ay
in a dual reflection and transm ssion type liquid crystal display. On the
~.other hand, along with the demands for _inproving the | um nance of a

transm ssion type display, it has bseA denmanded to further increase the
definition .10 of _liquid.crystal displays. For examle,  the.l jquid crystal
di splays usE¥PEn PROALCUABEYS BRoNBECHiEacl Salsy Be SRSt IOs 'S,

di splays for _car navigation, digital canmeras, videq caneras, etc. have
been convenFF‘Gﬁ&FPFlﬁaBE’pF‘ﬁaFﬁégrsaﬁﬁ@ ¥ rERSTHE SO (té’ﬁ?eldlﬁ@l"‘\ynch) to
140 ppi. However, in_ order to prevent jagged edges of characters displayed
and di spl afsi FhGeT2dP dRePdave SyS&EM ?aég'eﬁhd:th@@r &sfileqtingesyPa here is a
growi ng need for increasing the definition to 200 ppi or nore. 20

Concer ni ng daspéayi-nFherefdaki Aitt isndesizedlgpito dowrove tthe | inits in
design of liquid crystal pixels, for exanple the mninumwdth or pitch of
si gnal |3 ne3umhdangat efl ithes transotl slséen tHype Simmlatyhdmne aadmatihe

di sadvant ages that the region which can be utilized for 25 transm ssion
type di spl ayerfhatteasahapiaxerahsmigdicad tgpd 13 MICR2RA61- & dg1rRsN ssion
‘type display for each pixel is reduced and the transm ssion type display

_ Iuninance.is redgpe@he other hand, along with the demands for

improving the luminance of a transmission type display,
it has been demanded to further increase the definition
10 of liquid crystal displays.

For example, the liquid crystal displays used in

PDAs, mobile phones, laptop type personal computers,
displays for car navigation, digital cameras, video
cameras, etc. have been conventionally made in the range

15 from 100 ppi (pixel per inch) to 140 ppi. However, in
order to prevent jagged edges of characters displayed and
display images of the same quality as photographic images,
there is a growing need for increasing the definition to
200 ppi or more.

20 Concerning increasing the definition to 200 ppi, due
to the limits in design of liquid crystal pixels, for
example the minimum width or pitch of signal lines and
gate lines is not less than 5 pm, there are the
disadvantages that the region which can be utilized for

25 transmission type display for each pixel is reduced and



For exanple, by increasing the |um nance of the backligh ed | he
transm ssion type, the above high 5 definition can be rei?$%5§1%ﬂF%e

securing a high transm ssion type display |um nance. As expl ai ned above,
however, this nmeans the increase of theg Lum nance of the backlight, so the
power consunption of the liquid crystal display increases. Therefore, this
becones a ddérentsmiissignl @ypeqdidpdaystar éashl pixkdadsi mgdugedpendr
consunption. DI SCLOSURE OF THE | NVENTI ON Enbodi ments of the present.
invention safle trapsmiisddona thipeuidd spiuyt Aumdnapkay igorpaiickde wi t h hi gh
definition display, able to secure a lumnance in transm ssion type 15

display at an eqgiodale®Bnphayehbyasnkthahsihgd tdeSRLAN nAREROBE REONIY
transm ssion type display, and able to ..secure a required |um nance in

reflection ISR : ' . nt i Lan k to
provi de a I%é%%ﬂqgggéﬁéﬁddF§B?g$n?%%%§%ﬁ€%ggﬁﬁ% %Vgﬁh%ggghkgigﬁgﬁ 20

di spl ay, . abl .0.secure_a lLum nance in_tr.ansnission type. display at an
equivale%t F?$I 1a§°Ph§Fno%ear8FsﬁF§? wbé? oFﬁFHﬁlgﬁlé s%gﬁsnission type
display, and able to, inprove als thi | ym nance_of reflection_t pe
displ ay. D fXPesBdssérs kype LiFPdavd lumiepnreqi 85| &Fé&%?év?ﬁ&% With a
di spl ay panel having a pixel region in 15 March 2006 - 7 which a
refl ecti on - bPegeyexh otthdss peapshfhaenirereaseghf thet Llvnipancer 6k the outsi de
and a transm ssion region for

‘backlight, so the power consumption of the liquid crystal

display increases. Therefore, this becomes a defect for a
10  liquid crystal display boasting low power consumption.
DISCLOSURE OF THE INVENTION
N Embodiments of the present. invention seek to provide
“a liguid crystal display compatible with high definition
display, able to secure a luminance in transmission type
15 display at an equivalent level as that of a display
performing only transmission type display, and able to
secure a required luminance in reflection type display.
Embodiments of the présent invention seek to provide
a liquid crystal display compatible with high definition.
20 display, able.to secure a luminance in transmission type
display at an equivalent level as that of a display
performing only transmission type display, and able to
improve also the luminance of reflection type display.
Disclosed herein is a liquid crystal display

25 provided with a display panel having a pixel region in




di splay by light froman internal |ight source are arran i I'lel,
wherein a reflectance of the light 5 in the display panel qg&zlrﬁlé%défl ection

region is 1 percent to 30 percent and a transmttance of the light in the
di spl ay panel by the transmission regign_-is 4 percent to 10 percent.
‘Preferably, the display panel may be provided with a 10 focus portion for
focusi ng |i gitidna deftlagidcion heegitararfem shiispl aye diyo mmbiRresfte algihyt, t he
reflection region may have a function of scattering the incident |ight or

the refl ectirGirdR@c fidtin H Gt sIeD fan® @l tdidnsniefdivel idegibn tFee
incident light. Preferably, the reflection region may be fornmed by a netal

filmhaving g JH10R 181 1GGHANESonf Wi RSTbe /A1 ALYHLY scuzcd ¥z il ter may be
provided in only thé transm ssion region. 20 In the display panel, under

condi ti ons cg

to 25000 cd/ ﬁ%r{%gp;i?%i %tqraofleil{}g ‘J(ill sptiégﬁ [ g%tﬂé.rray%b%o%ge%%; T Q"t%gc%gﬁ
iaht of X he b AER, EARoRty [She) 3 SRt P08 <946 68 20000 | x, t he
anount of the display |light may be 200 cd/n2 to 1000 cd/nR. _ . )

percent to 30 percent and a transmittance of the light in

~the display panel by the transmission region is 4 percent

to 10 percent.

Preferably, the display panel may be provided with a

10  focus portion for focusing light incident upon the
transmission region.

Preferably, the reflection.region may have a
function of scattering the incident light or the
reflection region has a function of regularly reflecting

15 the incident light.

Preferably, the reflection region may be formed by a
metal film having a high reflectance.

Further, preferably, a color filter may be provided
in only the transmission regicon.

20 In the display panel, under conditions of
irradiation of the light of the light source of 500 cd/m?
to 25000 cd/m®, the amount of the display light may be 20
cd/m? to 200 ed/m?.
| In the display panel, under conditions of

25 dirradiation of the light of the ambient light of 2000 lx




In the pixel region, an area of the transm ssion region i t | 40
percent of the overall pixel 5 region, and the area of thégP@Fﬂé@@fon
region may be 1 percent to 60 percent of the overall pixel region.
.Preferably, in the pixel region, an-agerture ratio of the transm ssion
region may be 40 percent to 100 percent of the overall pixel region. 10
Accor di ng t b fedlix oftheheamprade wf itheemtiispiay tlHighd maypkevi2z@&d a
liquid crystal display provided with a.: display panel including a
‘plurality ofedfméelor agonsd/afranged in a matrix on a substrate; a
plurality of ..transistors fornmed for every pixel region and arranged in

15 a matrix; a plif alld pidde10MRyildne e YrdeO Y UHNE IR @li@nt r 0des of
the plurality of transistors; a plurality of data signal lines for

connect! N9 MdealoriEE OGB! 40 RRIAd %l dveBiho LAty Storage

capaci tors having one-electrodes connected to the secon ectrodes of the
20 transistqrs:; Storage qapacitor Jdines f%r Qpnectln anot her - el.ect r odes

o area tha Eecrl)?g A°0 &y&&y FageF Bet ween

of the storage cagacitors;” and a i gu

one-el ectrodes of . the pixel regions ¢connected_.to _the secand el ectrodes of
the transi sEFERN t:?nc#né:leréi P&dé‘é‘ef SVeFGlth &dFeds TE9dOM-odes, wherein

a reflection region and a 15 March 2006 - 9 transm ssion region are

arranged in par alfx&fanabdaoh imithe piagiloFegsonef [aac gpgrduge &I ght in

t he di spl ay

' of the transmission region may be 40 percent to 100
percent of the overall pixel region.

10 According to an aspect of the present invention,
there is provided a liquid crystal display provided with
a_.display panel including a plurality of pixel regionms
arranged in a matrix on a substrate; a plurality of
transistors formed for every pixel region and arranged in

15 a matrix; a plurality of gate lines for connecting gate
electrodes of the plurality of transistors; a plurality
of data signal lines for connecting first electrodes of
the plurality of transistors; storage capacitors having
one-electrodes connected to the second electrodes of the

20 transistors; storage capacitor lines for connecting
another-electrodes of the storage capacitors; and a
liquid crystal layer arranged between one-electrodes of
‘the pixel regions connected to the second electrodes of

the transistors and another-electrodes facing those

25 = electrodes, wherein a reflection region and a




panel by the reflection region is 1 percent to 30 percen n
transmttance of the light in the display 5 panel by the ﬁ?&ﬁ?ﬁ?@%

region is 4 percent to 10 percent. . Preferably, the display panel nay be
provided with a focus portion for focgsing the |light incident upon the
transm ssion region. 10 Preferably, the transistor may be a thin film
transi st or utsiangnicwicanpeckiion areo layeenged [inn@agialliledn ingsagh

sem conductor |ayer. Preferably, the reflection region may have the
function of piGRill eldgien ha ireFleetandegkif, thie Wightlin ehkedilsplagyegi on has
the function of regularly reflecting the incident light. Further,

pref erably, daie1 A el Lup1ceakion Fayin far Tegdited tmrbalofl 1 | m havi ng a
u

hi gh reflectance. rther, preferably,” a color filter may be provided 20
in only the.Lr S r ieer h 0 er my
be formed At r@% o@daﬁnﬁ c%?ragls%f)ncl)% Ao bflorilﬁe:1 pll)% Y;r é(%l %ﬁg i Pflla&t openi ng

{nﬁg (t;e f rrred 'rib%’he&ﬁw&ﬁ%ﬁ?ﬂﬁgregﬁﬁgﬁ%gg (iol?%rrc%lalﬁt %g 5 Preferably
pen r i mate center of
t he reflectll:'%rrl__creilon Preferably, the reflection region may be forned in a

Preferably, the display panel may be provided with a
focus portion for focusing the light incident upon the
transmission region.

10 Preferably, the transistor may be a thin film
transistor using low temperature polycrystalline silicon
as a .senmiconductor layer.

Preferably, the reflection region may have the
function of scattering the incident light, or the

15 reflection region has the function of regularly
reflecting the incident light. Further, preferably, the
reflection region may be formed by a metal film having a
high reflectance.

Further, preferably, a coler filter may be provided

20 in only the transmission region.

Further, preferably, the color filter may be formed
at a location corresponding to the pixel region, and an
.opening may be formed in the reflection region of the
coloxr filter.

25 - Preferably, the opening may be formed at the




regi on just above either one of an interconnect region of t I ne, an
i nterconnect region of a data signal 5 Iine, an interconnégﬁggbg%dﬁ of a
storage capacitor line, and a formation region of the transistors or a
region obtained by conbining a pluraligy-of the regions. Further,
preferably, the gate lines and the storage capacitor |lines may be

separ at el y fapprekinkie-geniter, ofr dher adeifjileqiion segiommy be nade of a Cs-
on-gate structure where the storage capacitor is connected to the gate
line of a previ oPreFleaag®lynd thize reflleicagenc apgdiohohalys bau fermegdosadaon t he
gate line. According to enbodi nents of the above invention, a 15. focus

S portion is pMiceGust bERvie @uithes’ BHeAlbfdiatPliakerkdnakct! Ragdbapbay | i ght
used for the transnission type display is focused, and the | um nance of
the display, |j.ghl 1i:S. NGLEasSe ' ewen i e of the
transni ssi on gg%éor]fl?lg'r% ugzlglgrt he%lett?% th%hg'gno %t ﬁetj?tggt rsa%gl%lssi on type
di spl ay gan e ufll gleatly seenrede.eg M aher debiniLign;ean hghandi ed
and the transmtt &Aceé can 8eSet 6w nSpemﬂcaFF?, FRESEFaREni Tahce i s
set as low as 4 15 March 2006 - 11 |ayers of the display panel, the
transmi t t an@@%éc FPFTFFONERGERT &F | TrpgstREPT S, OF o g&ﬁﬁ@f“at ure
polycrystalline silicon is used, the size of a thin filmtransistor TFT

for every 5bigiped by cembisdngandPlysalityeef sher &gF8RNENd t he

Further, preferably, the gate lines and the storage

capacitor lines may be separately formed.

10 Further, preferably, provision may be made of a Cs-
on—-gate structure where the storage capacitor is
connected to the gate line of a previous stage and the
storage capacitor is superimposed cn the gate line.

According to embodiments of the above invention, a

15 focus portion is provided in the liquid crystal display
panel, the display light used for the transmission type
display is focused, and the luminance of the display
light is increased. Due to this, even if the area of the
transmission region is reduced, the luminance of the

20 transmission type display can be sufficiently secured, so
higher definition can be handled and the transmittance can

- be set low. Specifically, the transmittance is set as low as 4




~reflectance are inproved. Further, a reflection film nade %al;
having a high reflectance is fornmed, or a snooth reerct‘%%@? Ii$5
formed, and the reflection Ilumnance is further inproved. 10 Further, the
color filter is provided in only the _transm ssion region, color display
having a high viewability is carriéd Idut for only the transm ssion type

display, and.thes skl eat QD-pYRe dhaglayehs B-lhafk R0foprBELenkL0160 Of

di spl ay suf FET et charact ers. ere is no
| onger any reduct] f the Ilght due to the absorption at the col or
filter in PHRECTR I%Et?%ﬁsreglon Further, in the case of black and white
di splay, pixels for displaying three colors of R and B are all used

for the black anBUfiRPeE/ dRspPHytewBeratise P@iY@EYFSHlF&ﬁFnéﬁ&é°P§ further
i nproved. Specifically, the reflectance can be set within a range from1l
percent to 39 peedentheBRiFF DESERFPINCRLOR THENBRAWKGESERE| Eorievery
partial plan view of a structure of a 25 display panel of a liquid crystal
“di spl ay saccpi®éhgisorediSedihr shd206é reflectiost regivodi aedt tbe t he present
invention. FIG 2 is a sectional view of the structure of the display
panel of thgefiguténesystal ifpsplray. araptAeny hAOorefhactibat Felmosiagent of

“the present invention. 5 FIG 3 is an equivalent circuit diagramof a pixel
of a metal having a high reflectance is formed, or a
smooth reflection film is formed, and the reflection
iuminance is further improved.

10 Further, the color filter is provided in only the
transmission region, color display having a high
viewability is carried out for only thertransmission type
digplay, and the reflection type display is a black and
white two color display sufficient for displaying

15 characters. Due to this, there is no longer any'reduction
of the light due to the absorption at the color filter in
the reflection region. Further, in the case of black and
white display, pixels for displaying three colors of R, G,
and B are all uséd for the black and white display, so

20 thé reflection luminance is further improved.

Specifically, the reflectance can be set within a
range from 1 percent to 30 percent.
EBRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partial plan view of a structure of a

25 display panel of a liquid crystal display according to a




region. FIG 4 is a sectional view of an exanple of the of a
thin filmtransistor in the liquid crystal display accorﬁ%&é“%g&@ﬁe first

enbodi ment of the present 10 invention. FIG 5 is a plan view of an
exanple of a layout of pixels in the |liquid crystal display according to
the first enbodi nent of the present” ivention. FIG 6 is a pl an vi ew of

anot her exaggksﬁgf?£§§%$gnka gukhgfgge?%h% Ln.Lhg;liquid crystal display

accordi ng enbo I men e present |nvent|on FIG 7 shows

measur enent data refl ectance _and_.transm e UId al

0 oplays.using TEFS- Fobfen B9ohaPyadi VARY SETERRoATEHI TS SF 6 F ¢ g

Is a view of a backlight and a focus qgptical _sy sten1thereof I.n the liquid

crystal d|sﬁFé?léECBPBFﬁg°Foth?hélﬂPF9tCENﬁG&ﬂnQﬁﬁpﬁﬁyiﬁ@cﬁF€§8ﬁt
i nvention. FIG 9 is amgerspectlve vi ew of the backlight and the focus

optical systhem £hssEopmbpdiments PEGERS. pPEsspEpt ipyendignyi ew of results of
“investigation of the 15 March 2006 - 13 |owest display |um nance required
for the di splay Pagel 3 is sheehbguibdeotystgcudits giagrascofdiengpirkelt he fir st
enbodi nent of the present invention. FIG 11. is a graph of the
rel ationshi pegich.transmttance and backlight |uni nance when a constant
FIG. 4 is a sectional view of an example of the
structure of a thin film transistor in the liquid crystal
display according to the first embodiment of the present
16 invention. |
FIG. 5 is a plan view of an example of a layout of
.pixels in the liquid crystal display according to the
first embodiment of the present invention.
FIG. 6 is a plan view of another example of the
15 layout of pixels in the liquid crystal display according
to the first embodiment of the present invention.
FIG. 7 shows measurement data of reflectance and
transmittance of liquid crystal displays using TFTs
formed by Poly-Si and TFTs formed by a-8i.
20 FIG. 8 is a view of a backlight and a focus optical
system thereof in the 1iquid-crystal display according to
the first embodiment of the present invention.
FIG. 9 is a peﬁspective view of the backlight and

the focus optical system thereof shown in FIG. 8.

25 FIG. 10 is a view of results of investigation of the




| umi nance is maintained on the surface of the display pa i liquid
crystal display according to the first enbodi nent of thepi%&éorbg

invention. FIG 12 is a view of nmeasurenent results of the 10 reflectance
where the entire surface of a reflection electrode of the display panel is
a reflectionfilm FIG 13 is a view a‘range of the transmttance and

the reflectance able %) ?, 15684 nkR NS (H,l CAA él grding to
the first en% %S ?S ?a hée prgsercft fglul nventlon %fl %jﬁ rri%q%(i 14B
are views ex [ t hod FL surin erefle;l FIG 15 is a
sect i onal BW%E‘F E%Eﬂll’tg‘?c&'ﬁﬁﬁ d&fsp #ﬂf Sﬁ | m
t ransi st or |n the liquid 20 crystal dlsplay according to the first
enbodi nent Sf“bPF?émeBFeé’gnttthPé“ﬁ?PBﬁ ipventiens a sectional view of the
structure of the display panel of a liquid crystal display according to a
second enbodi nenFIg: fthelpr @somrbneéntthen redatiogship iof a view of an
I ncrease of the maxi mum 15 March 2006 - 14 reflectance inthe liquid
crystal #i splrapsmgtondicrgand balkréldgbdnd usviinadicse wheof at lveonsrtegdnt
invention. FIG 18 is a view of a range of transmttance and reflectance
abl e to be seminAntheiki fuiidtatystabndithel ayirfacacedr dheg diepilze second
enbodi nment of the present
' panel in the liquid crystal display according to the
first embodiment of the present invention.
FIG. 12 is a view of measurement results of the
10 reflectance where the entire surface of a reflection
electrode of the display panel'is a reflection film.
FIG. 13 is a view of a range of the transmittance
and the reflectance able to be set in the liquid crystal
display according to the first embodiment of the present
15 invention.
FIG. 14A and FIG. 14B are views explaining a method
for measuring the reflectance.
FIG. 15 is a sectional view of another example of
the structure of a thin film transistor in the liguid
20 crystal display according to the first embodiment of the
present invention.
FIG. 16 is a sectional wview of the structure of the
display panel of a liquid crystal display acdording to a

second embodiment of the present invention.

25 FIG. 17 is a wview of an increase of the maximum




invention. FIG 19 is a sectional V|em10f the structure o pl ay
panel of a liquid crystal display according to a third e&%BGFﬁﬁﬁpgof t he

present invention. 10 FIG 20A shows a first exanple of the |ayout of the
pi xel region in the liquid crystal display according to the third

embodi nent of the present invention;~afl FIG 20B to FIG 20D are views
show ng arrangﬁnent ocatl s ,0f tggcrefle tiQn L& I Qn |ndi Q'xe

region. 15 FF effﬂnfo FlG flblﬁPe V|e%§ta gﬁﬁg ment o cocat ions of the
reflection r ion in ea pi. xel regi in the li Uld erstal di spl ay
Locordi ng. t §PEneeRPq SR BRNGHEREN D Lok e EHEE8BEnt WRRAIEToN cont § hucd o
FIG 20D. FIG 22 is a sectional VIeM/Of the structure of the 20 display
panel of a I|iqui §1€rydfaltsdpspray &écdr dPRget 8fa treEift téms&diafeht of the
present invention. FIG 23 is a view of an exanple of the formation of an
openi ng for redlestancel eblei toebe BeG in4 the digudw foaysdad] alisipdgya |iquid
crystal 25 display according to a fifth enbodi nent of the present 15 March
2006 - 15 - acewvedingntandheanseqondaleebbdimeat bfdithgr pmesferd | i qui d
crystal display having a Cs-on-gate structure. FIG 25 is an equival ent
circuit di aghegnefioa.liquid crystal display enploying a driving nethod
different from 5 FIG 24.
' FIG. 19 is a sectional view of the structure of the
display panel of a liquid crystal display according to a
third embodiment of the present invention.
10 ' FIG. 20A shows a first example of the layout of the
pixel region in the liquid crystal display according to
the third embodiment of the present invention; and FIG.
20B to FIG. 20D are views showing arrangement locations
of the reflection region in the pixel region.
15 FIG. 21A to FIG. 21D are views of arrangement
locations of the reflection region in each pixel region
in the liquid crystal display according to the third
embodiment of the present invention continued to FIG. 20D.
FIG. 22 is a sectional view of the structure of the
‘20 display panel of a liquid crystal display according to a
fourth embodiment of the present invention.
FIG. 23 is a view of an example of the formation of
an opening formed in a color filter,

FIG. 24 is a view for explaining a liquid crystal

25 display according to a fifth embodiment of the present
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FIG 26 is an equivalent circuit diagramof a liquid cry IsplLay
havi ng a panel circuit of |ow tenperature polycrystalli nggm&‘c@ﬁ6 FI G

27A shows a second exanple of the layout of the - 10 pixel region in the
liquid crystal display according to the fifth enbodi nent of the present
invention; and FIG 27B is a view of he arrangenent |ocation of the
reflection region.in th | xel _region, FlL.G ZS'TA and FI G 28B . are  vjews
show ng the“i‘%eﬁ?"f"ﬁﬁgé nf"| §THEVBAENS: HREVEE RBRETET Pdgifort i FEach

pi xel region of the liquid crystal display according to the fifth

enbodi nent &FYEkalpAdsPARY| RR¥ANPoR E8nPPngede FemMatiEe-27B. FIG 29 is a
view of the arrangenent |ocation of the 20 reflection region in each pixel
region of the |ild 28r st an éqypiayeatcoidictd tt diglgaram fofh aedispiident of
the present invention continuing fromFI G 27B. BEST MODE FOR WORKI NG THE
| NVENTI ON Bekgwtadndodbiegt empflloyiiegl aqdird vings tmaltheids plifif eafen £2 5 rice
present invention will be explained with reference to 15 March 2006 - 16
the attagchedrdrapungs. First Enbodinment FIG | is a plan view of one
pixel's worth of a display panel 1 in the liquid crystal'display of the 5

present enbodi mept; . ape EkGan?esfi9Vaikhe $8¢lh@Rediagram of a liquid
| crystal display having a panel circuit of low temperature
polyerystalline silicon.
FIG. 27A shows a second example of the layout of the
10 pixel region in the liquid crystal display according to
the fifth embodiment of the present invention; and FIG.
27B is a view of the arrangement location of the
reflection region in the pixel region.
FIG. 2BA ahd FIG., 28B are wviews showing the
15 arrangement locations of the reflection region in each
pixel region of the liquid crystal display according to
the fifth embodiment of the present.invention_continued
from FIG. 27B.
FIG. 29 is a view of the arrangement location of the
20 reflection region in each pixel region of the liquid
crystal display according to tﬁe fifth embodiment of the
present invention continuing from FIG. 27B.
BEST MODE FOR WORKING THE INVENTION
Below, embodiments of the ligquid crystal display of

25 the present invention will be explained with reference to




] : !
structure of the display panel 1 along a Z-Z line in FIG1€§a£¥& 6in;FIG
2, the display panel 1 is <constituted by a transparent i 9%@
substrate B and a 10 thin filmtransistor (TFT) 9 formed on that, a pixel
region 4, etc., a transparent insulath;g substrate 28 arranged facing them
~and an overcoat layer 29 formed on 1 , a color filter 29a, and an

counter ele o] d Lpquid crystal |ayer 3 sandwi ched between the
pi xel 15 regﬁ%nggtgggg?hgrgghhggf el ectrode 30. The pixel regions 4 shown

in FIG 1 are ar*ang%d ig g nairix. A gate line 5 for supplying a scan
signal to the ™ £ FREPEG 2 and a signal line 6 for supplying a
display signal to the TFT 9 are provided 20 arqund each pixel_ region 4
per pendi cul ar toF&Schlotfe®, PLaReVEBY 2pPREI PASELT 6n ¥PE tBoRt Pt ut ed.
Further, on the transparent insulating substrate 8 and the TFT 9 side, a
storage capgéPpdpyubanpht ér ébntibet 1ighédecryrtal déredpydofothe a "CS
line") 7 made of a 25 netal filmparallel to the gate line 5 is provided.
The 15 Nar chr2eést- embodO8ehitneanidf s & showsgéheapecitionalS with a
connection electrode 21 explained later and is connected to the counter
el ectrode 38trbhbCGurd sHovheadiegliavapanelcir allbhgoh ZkRe pixel ih Fa&g.on 4
including the liquid crystal 3, TFT 9, gate line 5, signal line 6, CS line
-7, and storgge capacitor CS.

As shown in FIG. 2, the display panel 1 is
constituted by a transparent insulating substrate 8 and a
10 thin film transistor (TFT) 9 formed on that, a pixel
region 4, etc., a transparent insulating substrate 28
arranged facing them and an overcoat layer 29 formed on
that, a color filter 2%a, and an counter electrode 30 and
a liquid crystal layer 3 sandwiched between the pixel
15 _region 4 and the counter electrode 30.
The pixel regions 4 shown in FIG. 1 are arranged in
a matrix. A gate line 5 for supplying a scan signal to
the TFT 9 shown in FIG. 2 and a signal line € for
supplying a display signal to the TFT 9 are provided
20 around each pixel region 4 perpendicular to each other,
whereby a pixel portion is constituted.
Further, on the transparent insulating substrate 8
and the TFT 9 side, a storage capacitor use interconnect
(hereinafter referred to as a "CS line") 7 made of a

25 metal film parallel to the gate line 5 is provided. The




T worem b e - . |
Further, as shown in FIG 2, the pixel region 4 is provide | -
reflection region A for reflection type display and a tr%ﬁgﬁ%%g¥@ﬁ regi on
B for transm ssion type 10 display. The transparent insulating substrate 8

is formed by a transparent material such as glass. The transparent
I nsul ating substrate 8 is forned mnrh]thé TFT 9, a scattering layer 10

Formed on <08 Tike %7\ L8R A SHbPbLA0:ABALIMEL 85! Lathen! Bgolaxes ot | or mod

on this sca rrng |layer nspar e a réeflection

el ectrode 12 copsti in on .4 havin refl t
A and the (PLRSHFESPoR! éﬁpﬂﬁlﬁeéxiﬁgeﬁgangbbg,eéégge?ﬁ% Lgglion region

switching elenent for selecting a pixel to be displayed and supplying a

di spl ay si gRarnEer ehechryde ?&gion 4 of the pixel. As shown in FIG 4, the
TFT 9 has for exanple a so-called bottomgate structure. A gate el ectrode
15 covered by a H&fe Pnshpuei ag eanhvalens piresifedfokhenpikednsparent

i nsul ating substrate 8. The 15 March 2006 - 18 gate electrode 15 is
connect &d toveghengétentluding the lsguibdscgpakals3i nEt Progatki digete |ine
5, and the TFT 9 turns ONOFF in accordance with this scan signal. The
gate el ectrepdesi§na®s 1Dnaed, bysfDineny, aahdl stotafemphiphdenom CBD) ,

tantalum (Ta), or another netal or alloy by a nethod such as sputtering.
Further, as shown in FIG. 2, the pixel region 4 is
provided with a reflection region A for reflection type
display and a transmission region B for transmission type

10 display.

The transparent insulating substrate B is formed by
‘a transparent material such as glass. The transparent
insulating substrate 8 is formed with the TFT 9, a
scattering layer 10 formed on the TFT 9 via an insulating

15 film, a flattening layer 11 férmed on this scattering

| layer 10, a transparent electrode 13, and a reflection
electrode 12 constituting the pixel region 4 having the
reflection region A and the transmission region B
explained above.

20 The TFT 9 is a switching element for selecting a
pixel to be displayed and supplying a display signal to
the pixel region 4 of the pixel. As shown in FIG. 4, the
TFT 9 has for example a so-called bottom gate structure.
A gate electrode 15 covered by a gate insulating film 14

.25 is formed on the transparent insulating substrate 8. The




In the TFT 9, a pair of n"' diffusion layers 16 and 17 a l.conduct or
film18 are fornmed on the gate insulating film14. One nﬁgﬁﬁFiﬁgb n l-ayer
16 is 10 connected to a source electrode 19 via a contact hole 24a forned
inafirst inter-layer insulating film24, while the other n+ diffusion

| ayer 17 is connected to a drain eledt§ode 20 simlarly via a contact hole
24b formed in, the first ipter-layer insulating film24. 15_The,source

‘el ectrode 1§a5ﬁda§ﬁ8£8?ﬁ?nggléﬁtFéBEefﬁega%B Bg?agﬁgﬁ g§“§a?ﬂe%ﬁ?ng f or
exanpl e alum num (Al). The source electrode 19 _is connected to the signal
line 6 and SFBBef¥@RaAhsifnpOPuUtnbra®: fhipgrate FhBedrai ANE &0 ddd 20 is
connected to a connection electrode 21 shown in FIG 2 20 and further is

el ectri cal | pucoane¥YeBFwinhacgergeree withi shig srcant fégegdtadhehol e 22.
The connection electrode 21 forns the storage capacitor CS with the CS
line 7 via thetegalecinsdeatbngsf fbmméd. b¥hfosmingoadddilor oft hin fil ml ayer
18 is a thin filmof the |ow tenperature 25 polycrystalline silicon
(poly-Siy ohbaiyBadnby fie)exaapktaliam NEagh 3206nother @éBaandr alfteyned at
a location matching with the gate electrode 15 via the gate insulating

film14. A gl,oppgEtR3di suBho¥kdegui¢atiagove the sem conductor thin film
| ayer 15. The stopper 23 protects 5 the sem conductor thin filmlayer 18

formed at the logating ARRCH,NG Bhil beenoaserehesthorsydfs! tomas

17 and a semiconductor film 18 are formed on the gate

insulating film 14. One n* diffusion layer 16 is

10 connected to a source electrode 19 via a contact hole 24a

formed in a first inter-layer insulating film 24, while

the other n* diffusion layer 17 is connected to a drain

electrode 20 similarly via a contact hole 24b formed in

the first inter-layer insulating film 24.

15 The source electrode 19 and the drain electrode 20
are obtained by patterning for example aluminum (Al). The
source electrode 19 is connected to the signal line 6 and
receives as input the data signal. The drain electrode 20
is connected to a connection electrode 21 shown in FIG. 2

20 and further is electrically connected with the pixel
region 4 via the contact hole 22. The connection
electrode 21 forms the storage capacitor CS with the CS
line 7 via the gate insulating film 14. The semiconductor
fhin film layer 18 ié a thin film of the low temperature

25 polycrystalline silicon (poly—Si)_obtaiﬁed by for example
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upper side. In the TFT 9, as explained above, when the sgmco or thin
filmlayer 18 is forned by low to tenperature polycrystaﬁ$&ﬁ5%g#@%coh, t he
electron nobility is larger in conmparison with a case where the
sem conductor thin filmlayer 18 is formed by anorphous silicon (a-Si), so
the outer diameter size can be made— difalHer. 15. FIG 5 and FIG 6 are

vi ews di agr tigally_show.n the sizes of _TEIs form.ng,the sem conduct or
thin film e?§81é5b5059§9 gﬁda|gﬂF?ﬁﬁB&r&?EFngS|V?§E.tk? GRES in FIG
5and FIG 6, in a liqguid crystal  display using a TFT 9 form ng the

seni conduct B+eEhFAde| L V58 ¥B?e93§8 b?sPiﬁFFQHpgﬁéﬂuﬂé'poly-Si, a large
area of the pixel region 4 constituted by the reflection region A and the
transm ssi on reghoftBeeen B8 iechrevidpfciuskeaker¥g ™R the reflection
region A'is approximately equal to that of the conventional display

devi ce, thesamtaonfluther28hinafiskinsdagrrr 2§i.ofhE s&opberi 8r paodecdsd t he
15 March 2006 - 20 transmttance of the entire display panel can be

i nproveds Eh& sémigoAduesrothandElimr 2agerofist fermetl att ahee and t he
transmttance in dual reflection and transm ssion type liquid crystal

di splays usipgatbds RatenihBowibR 5héeghﬁanamebg&oaainsfkkamlaxers 18 by
a-Si and low tenperature poly-Si. In FIG 7, the abscissa indicates
upper side.
In the TFT 9, as explained above, when the
semiconductor thin film layer 18 is formed by low

10 temperature polycrystalline silicon, the electron
mobility is larger in comparison with a case where the
semiconductor thin film layer 18 is formed by amorphous
silicon (a-8i), so the outer diameter size can be made
smaller. .

15 FIG. 5 and FIG. 6 are views diagrammatically showing
the sizes of TFTs forming the semiconductor thin film
layers 18 by a-8i and low temperature poly-Si.

As shown in FIG. 5 and FIG. 6, in a liguid crystal
display using a TFT 9 forming the semiconductorrthin film

20 layer 18 by low temperature poly-8i, a large area of the
pixel region 4 constituted by the reflection region A and
the transmission region B can be secured. When the area
of the reflection region A is approximately equal to thgt
of the conventional display device, the area.of the

‘25 transmission region B can be increased and the




the reflectance RFL, and the ordinate indicates the tran TRM The
measur enent val ues of the reflectance and the 10 transn1ﬁ¥¥%552§ﬁ8mn-in
FIG 7 were obtained by changing the area of the opening acting as the
transm ssion region Bin FIG 5 and FIG 6. In the above nmeasurenent, the
pi xel region 4 has a silver reflectio®%itm and the pixel size is 126 pm
X 42 pm 15 As sho Iom/te eratu e for
he TRT o, thanRBRYERnARcEt o hEnBRLEAR: B SR REORLo SRRy bR ATRES Bt 25
percent at the maximum and a transmttance of 8 percent at the maximumis
obt ai ned. On theFdfher R&nd, VHAYNCA- 8 diffgzence; ﬁ’g e etheRPS ect ance
is about 7 percent, and the maximum transmttance is about 5 percent. The
scattering Baﬁethgotandsmhﬁtﬁpﬁﬁténl#gaﬂay@ﬁlfPtlQPeaﬂérﬁﬁénémlﬁﬁéOFFT 9
“via the first and second inter- layer insulating filnms 24 and 25. The first
i nter-1|ayer t2pei hsguatl pgysithi ddspd afysr medngi fIFTs Paifiorofingorthact hol es -
........................................ .. . 15 March 2006 - 21

24a and 24bsbab cbaticgra thaur eelnl gateede 189bgnd-gidaaidn 1o8d ect r ode 20.
The reflection electrode 12 is nade of a netal film of rhodium titanium

chrom um sibygeradlivdi pUilaBd . S1ehEeael 7, Thaer abkesisisan inedicarerf the
reflection
the.reflectance RFL, and the ordinate indicates the
transmittance TRM.
The measurement values of the‘reflecﬁance and the

10 transmittance shown in FIG. 7 were cbtained by changing
the area of the opening acting as the transmission region
B in FIG. 5 and FIG. 6. In the above measurement, the
pixel region 4 has a silver reflection film, and the
pixel size is 126 pm x 42 pm.

15 As shown in FIG. 7, by apﬁlying low temperature
.poly-si for fhe TFT 9, the reflectance of the liquid
crystal display reaches about 25 percent at the maximum,
and a transmittance of 8 percent at the maximum is
obtained. On the other hand, when a-8i is used, the

20 maximum reflectance is about 7 percent, and the maximum
transmittance is about 5 percent.

The scattering layer 10 and the flattening layer 11
are formed on the TFT 9 via the first and second inter-
layer insulating films 24 and 25. The first inter-layer

25 insulating film 24 is formed with a pair of contact holes




electrode 12 is formed with relief shapes and is configu fuse and
reflect the external light. Due to this, the d|rect|V|ty{i§kqé&g%péflectlon
light is eased and the screen can be viewed froma w de range of angles.
10 Particularly, when using silver (/ﬁQ or the like, the reflectance in
the reflection type display becones and a reflection region A of a

hi gh refl b d. F h f hr
'rgglegfioﬁcéggfgﬂga94§ ﬁﬁg §%§?Pg ?ﬁ%ot FFeL anceb8F the %gtggg%rrgdolebeﬁ

can be secured. Such a liquid crystal display reducing the reflection

regi on wi | | ebecFEPERr288- to as a "mcro reflection liquid crystal display".
Further, the transparent electrode 13 is nmade of a transparent conductive
filmsuch as | TOTheorghdsetienl edersioeredr sfemadeand Br BRSPar Adm

el ectrode 13 are electrically connected to the TFT 9 via the contact hole
22. ‘The oppofi rbodinhactitanthm,t chropapent sidverat pAymisybs@ngt e 8, t hat
I's, the surface where a not illustrated 25 backlight serving as an

i nternals|i ghtomelr cethesrafiaegédn reglilbnchf2@bé 22flestponvi ded with a 1/4
wavel ength plate 26 and a polarization plate 27. Facing the transparent

insul ating sybstrabie 82and rbbpeaOWR@RCRESibEr BREpEREBAANisa transparent
insulating 5 substrate 28 forned by using a transparent material such
configured to diffuse and reflect the external light. Due
to this, the directivity of the reflection light is eased
and the screen can be viewed from a wide fange of angles.
10 Particularly, wheﬁ using silver (Ag) or the like,
the reflectance in the reflection type display becomes
high, and a reflection region A of a high reflectance can
be obtained. For this reason, even if the érea of the
reflection region A is made small, the reflectance of the
.15 required level cén be secured. Such a liquid crystal
display reducing the reflection region will be referred
to as a "micro reflection liquid crystal display”.
Further, the transparent electrode 13 is made of a
transparent conductive film such as ITO.
20 These reflection electrode 12 and transparent
electrode 13 are electrically connedted to the TFT 9 via
the contact hole 22.
The opposite surface of the transparent insulating

substrate 8, that is, the surface where a not illustrated

25 backlight serving as an internal light source is arranged,
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as glass is arranged. The surface of the transparent insg%g&&nq¥@ bstrate
28 on the l'iquid crystal layer 3 side is formed with a c %@ r 29a
and an overcoat |layer 29 for flattening the surface of the color filter 10
29a. The surface of the overcoat layer 29 is formed with a counter

el ectrode 30. The color filter 29a s 22 resin | ayer col ored by a pignent

or a dye and_is_confiqured b noi ni filte ayers_of, for exanple red,
green, and l%l%50%%?%$swlgﬂegc%z%tg?vﬁ?gggﬁgdgiﬁgeigsnﬁﬂg 8f a 15
transparent conductjve filmsuch as I TO The opposite surface of the
transpar entPPIREF 22 Fhg" BLRLEr4ale 28 is provided with a 1/4 wavel ength
plate 31 and a polarization plate 32. The liquid crystal |ayer 3

sandwi ched bet ime the praespregnbnirsuhating evbetsptel BcBpdde 30 is
obtained by sealing a guest host liquid crystal nmainly including nematic
liquid crystia auhpendrts hBormgdatheyaonyeadtebngparentinisgulapyngnd
containing a dichromatic dye in a predetermined ratio. It is vertically
ori ented¢ bysebsbotat@528| foshedtloy vsiegtat toankpseent! matbrsali gued crystal
15 March 2006 - 23 layer 3, in a no-voltage state, the guest host liquid
crystal is yer§ifeé!ys CirPRLQEd. Wihé esiAfacH0bt afRe 8PRhLpALEAR State, it
shift to a horizontal orientation. FIG 8 shows a backlight and a focus

optical sysigmitil§re@bstPatfersi G eher yo4al adbepkay1agsgedi g to the

side is formed with a color filter 2%a and an overcoat
layer 29 for flattening the surface of the color filter
10 29a. The surface of the overcoat layer 29 is formed with

a counter electrode 30. The color filter 29a is a resin

layer colored by a pigment or a dye and is configured by
combining filter layers of for example red, green, and
blue colors. The counter electrode 30 is made of a

15 transparent conductive film such as ITO.

The opposite surface of the transparent insulating
substrate 28 is provided with a 1/4 wavelength plate 31
and a peclarization plate 32,

The liquid crystal layer 3 sandwiched between the

20 pixel region 4 and the counter electrode 30 is obtained

by sealing a guest host liquid crystal mainly includihg
nematic liquid crystal molecules haviﬁg a negative
dielectric anisotropy and containing a dichromatic dye in
a predetermined ratio. It is vertically oriented by a not

25 illustrated orientation layer. In this liquid crystal



present enbodinent. In FIG 8, 7l1la and 716 indicate backlig%sE 7§ a light
guide plate, 73 a diffusion plate, and 74 a |l ens sheet. L 3 éklfghts
7la and 71b are constituted by for exanple cold cathode fluorescent tubes.
The light guide plate 72 guides light of the backlights 71la and 71b to

the di splay panel 1. The diffusion me%%f73 forns a relief surface. Due to

this, the Ihgggﬁgg t9%1gagﬁgbﬁgEgggﬁ§5%£%4agﬂe7é§$g?hﬂg%&p&ghﬁﬁbgradiated

to the dispra nél ens ocu e Iight used by
the diffusion plate 73 to.the_center of the displ.ay panel 1. The Iight
focused to ERESEBLSIENYEE HFAFAYSBEIPRFEHgn THAS EPARSHCLLRS] region B Vi a
the polarization plate 27, the 20 1/4 wavel ength plate 26, and.the
transpar ent 2BBbicpiienpstateg 1§ phiftpépspeboricoptad oriemdatdor i ght and
the focus optical systemthereof shown in FIG 8. The |lens sheet 74 has a
focus function, E&Glo8sshows eobgckiighitngnegf at keusgleptdicelusyE st t he
diffusion 25 plate 73 is suppressed, and the | um nance of the 15 March 2006
- 24 - i4| unheatb6nihi ghe Liquadsedyshslexplspilayd agioovrdingoeerthiconal |y, a
liquid crystal display has been prepared with a definition within a range
from 100 pppregehtOchBodifenee the definition was 5 Iow, the aperture ratio
- of the transm ssion region B
' In FIG. 8, 7l1a and 71b indicate backlights, 72 a
light guide platé, 73 a diffusion plate, and 74 a lens
sheet.
10 The backlights 71a and 71b are constituted by for
example cold cathode fluorescent tubes. The light guide
plate 72 guides light of the backlights 7la and 71b_to
the display panel 1. The diffusion plate 73 forms a
relief surface. Due to this, the light of the backlights
.15 71a and 71b is uniformly irradiated to the display panel
1. The lens sheet 74 focuses the light diffused by the
diffusion plate 73 to the center of the display panel 1.
The light focused to the lens sheet 74 passes through the
transmission region B via the polarization plate 27, the
20 1/4 wavelength plate 26, and the transparent substrate 8.
FIG. 9 is a perspective view of the backlight and
the focus optical system thereof shown in FIG. 8. .
The lens sheet 74 has a focus function, so loss due

to scattering of the light diffused by the diffusion

25 plate 73 is suppressed, and the luminance of the




could be relatively largely formed. Specifically, at |ea 0. percent
~could be secured as the aperture ratio when designed for%ﬁfgxﬁyﬁ%@gme to

this, the conventional transmttance becane 5 percent. 10 Note that the
transmttance in a liquid crystal di ay is generally regarded as
one-tenth of the aperture ratio of the transm ssion region B. The aperture

ratio of the hARNHISION ilBF A% Bisedefined as the ratio of the
transm ssion region B wthrespect to the 15 area of the entire pixel

region 4. The tragnsm nce t at _one-ten f the. ryure.ratio of
t he transm ssi on%?segﬁx%’tr}%é%ﬁg\gg%gggt’h%mﬁqﬁeg’ﬁégp %g%gf hé Eégaglgg%fggg%f
absorbed and reflected by the transparent insul ating subsirates 8 and 28,
the first 2&%%3&%%%&%%@40%&%& fF'F‘Ilﬁéoﬂwétﬁ%}lQSaforned on
the TFT 9, the liquid crystal layer 3, the polarization plates 27 and 32,
and the 1/ 4 nRngs 108 #rds t26 1d4d FPL -c Sascet Ghengefhaigiopl ¥gspanel 1.
Conterning an increase in definition to 200 ppi, for 25 exanple, the pixel
Si ze beconeslaw snild atidbtpine xatd pmf Fhelrahns2i@6ion2¥egkont Ber, due to
restrictions in the design of the liquid crystal pixel, for exanple, the
m ni mum w ditdeid e aeleftividle Jizgraliy imemednd speeigatalinestbei ng not
less than 5 pm the area of the transm ssion region B becones small. 5

Speci fi cal | yeddie APYdiHtr Hdd PRORIARPYCRBL berture ratio

when designed for 140 ppi. Due to this, the conventicnal

transmittance became 5 percent.

10 Note that the transmittance in a liquid crystal

display is generally regarded as one-tenth of the

aperture ratio of the transmission region B. The aperture

ratio of the transmission region B is defined as the

ratio of the transmission region B with respect to the

15 area of the entire pixel region 4.

The transmittance was set at one-tenth of the
aperture ratio of the transmission region B because the
light from the backlights is absorbed and refleéted by
.the transparent insulating substrétes 8 and 28, the first

20 and second inter-layer insulating films 24 and 25 formed
on the TFT 9, the liquid crystal layer 3, the
polarization plates 27 and 32, and the 1/4 wavelength
plates 26 and 31 constituting the display panel 1.

Concerning an increase in definition to 200 ppi, for

25 example, the pixel size becomes a small 126 pm x 42 pm.



the lowest. The ratio of the area of the reflection regio p{a#eztoﬁ respect
"to the area of the entire pixel region 4, that is, the aBSe ftio of

the reflection region A 10 becones 60 percent or |ess when the reflection
region A occupies the pixel region 4 her than the transm ssion region
- B. The aperture ratio of the reflection region A cannot be reduced to 0

percent. Fraom ddieh, e dREMdEEiddone 9h the Hekhga! b?nthégﬁ.Q&ufdt he
| east required for ‘a 15 dual ref | ection and transm Ssion type liquid

crystal dis rm a n cent 0
percent. In %‘lr’%\& ltgq%a et\gene |ln%drécgt%egﬁﬁg‘gﬁﬁ ?&3:5 Sgwﬁggcgs%gurl ng
the I um nanc t he transm Ssi ype .20 _di spl

Ui nance. of RGN GMEE P15 IRIGPES ddfioBe DPieFe Skl LBY=o50P8: Bent

but the power consunption of the liquid crystal display increases.
Therefore, when thee arass ofhddie Fanggiasien apgueen § besemesi empééones
possible to deal with the increase in 25 definition w thout increasing the
‘power consurfpecificfally Vetheh 2E0Gure? 6a tiilee beaokleisgd0s petaeandatlb.
Specifically, the lum nance of the backlights 71la and 71b can be raised to
500 cd/n2 tgh2I3ed/ N2 fromthe usual range from400 cd/n2 to 20000

~cd/n2.. 5 Accordingly, in the present enbodinent, in the case
The ratio of the area of the reflection region A
with respect to the area of the entire pixel'region 4,
that ié, the aperture ratio of the reflection region A,
i0 becomes 60 percent or less when the reflection region A
occupies the pixel region 4 other than the transmission
region B. The aperture ratio of the reflection region A
cannot be reduced to 0 percent. From this, the aperture
ratio of the reflection region A the least required for a
15 dual reflection and transmission type liquid crystal
display is determined within a range from 1 percent to 60
percent.
In order to deal with the increase in definition
while securing the luminance of the transmission type
20 display, for example, the luminance of the backlights 7la
and 71b cén be increased by 25 percent, but the power
consumption of the liquid crystal display increases.
Therefore, when the lens sheet 74 explained above is
used, it becomes possible to deal with the increase in

25 definition without increasing the power consumption qf 7




of a liquid crystal display having a high definition of I, QL nore, a
mcro reflection structure liquid crystal display can setifﬁ%£$%%gﬁgnittance

at to as lowas 4 percent in order to secure the transm ssion |um nance.
10 On the other hand, in order to deal,wth the increase in definition and

not increase the |umnance of the backlights 71a and 71b, the best choice

is 1o set thée HRASHIHANCA L Qrid& 18 . NisP@i £1RBAAYN thEheumeagARfor this
will be explained below. 15 In order to performa display by liquid

rystals, 1308114 ; displ il b i t hi
ol e e s o ol Bl Bt

the m ni mum | um ce qgui_r ed r the displa 20 p I rface and shows
t he resultsqﬁlgiﬁb tq{éﬁigﬁoﬂngﬁeuﬁB ngﬁgngBﬁ@e2§§|%§KB r&cogni ze the
character display whegn the display |um nance changes within a range from
2 to 34 cd/ @200 qd/@ .10, the abscissa indicates the |uninance LM and
~the ordinate indicates a sanple 25 nunber SMPLN. Note that, in this case,
as shownsin FI G AdedesliciglR006n t2ié pi@seat awbodjeend uen( AWR) chse8. 9
cd/n2, the center value (CIR) is 7.5 cd/n2, and the RM5 is 10.9 cd/:n®.
~According t eflaGlikhid fedrraaurdiaga dwHaRanee al hidh dedink tabnnmege, 90
percent or nore of people can recognize 5 the character display. Further,
the fact thatsg idpil tod Snore, a micro reflection structure liquid
crystal display can set the transmittance at to as low as
4 percent in order to secure the transmission luminance.
10 On the other hand, in order to deal with the
increase in definition and not increase the luminance of
the backlights 7l1a and 71b, the best choice is to set the
transmittance to the minimum 4 percent. The reason for
this will be explained below.
15 In order to perform a display by liquid crystals,
the surface luminance of the display panel 1 must be set
within a certain range.
FIG. 10 is a view of the results of investigation
showing the minimum luminance required for the display
20 panel surface and shows the results of investigation of
the number of people able to recognize the character
display when'the display luminance changes within a range
from 2 to 34 cd/m?®. In FIG. 10, the abscissa indicates

the luminance LM, and the ordinate indicates a sample

25 number SMPLN. Note that, in this case, as shown in FIG.




not nore than 1000 cd/ n2, people can discrimnate the chg 9%Irio Eas been
known. Accordingly, when performng a display by liquid %‘f 08¢ he
surface | um nance of the display panel 1 o0 nust be nmaintained at 20 cd/ nR
~to 1000 cd/nR2. \Wen the surface lumn e of the display panel 1 is

mai nt ai ned at 20 cd/nR2, this neans t'ha?fa' product of the transmttance of

the display panel, Ja\f-ﬂl% 41841418 r@gﬁeen g e Lagkl | ght &én@é’:éc\‘?éli@e

Accordingly, the relati onshl p 15 the transfitftance an

I um nance of ackl scan XPp sed n_i,nver se proportional
function as g‘#lﬁn nc%lf“lge\%%irl d ﬁn% &Ee %ﬁgtﬁg gésg ggg indi cates the
transmttance TRM and. the ordi nate indicates the |unm_nance Bl M of the
backl i ghts. 20 | fHWIHD 4 dF I -hd Gr dis e SEd258d LURE PRBFENATCEC of the

backlights to the m ni nrum as nuch as possible, the |ocation where a
tangenti al retiml osf mereur 98 agrgna@nornmomepfmeonlerserctseamngu n of a
coordi nate system becormes the npst desirable condition. Here, the 25

t ransm t tsancehe schbymeriventdi didmmt .y Fuk fhencethebfaareshiate 1% §r ds 2006 28
val ue of the optimumtransmttance in order to deal with an increase in

definition. fde n&asohalyidde ddatsnbkbaneechRcamBeridiRgEECPRhe at NDSt is
that the light fromthe backlights is absorbed 5 and reflected by the

transparent ynsul Aldng LU $hdim.

Accordingly, when performing a display by liquid
crystals, the surface luminance of the display panel 1

10 must be maintained at 20 cd/m® to 1000 cd/m?.

When the surface luminance of the diéplay panel 1 is
maintained at 20 cd/m?, this means that a product of the
transmittance of the display panel 1 and the luminance of
the backlight is 20 cd/m®. Accordingly, the relationship

15 between the transmittance and the luminance of the
backlights can be expressed by an inverse proportiocnal
function as shown in FIG. 11. In FIG. 11, the absciss;
indicates the tranémittance TRM, and the ordinate
indicates the luminance BIM of the backlights.

20 | In order to keep the transmittance and the luminance
.of the backlights to fhe minimum as much as possible, the
location where a tangential normal of a curve as shown in
FIG. 11 intersects an origin of a coordinate system
- becomes the most desirable condition. Here, the

25 transmittance is 4 percent. Namely, 4 percent becomes the




and 28, the first and second inter-layer insulating filns 4 ng) 5 formed
on the TFT 9, the liquid crystal layer 3, the pol arizatib%g/‘&“g"t 9 27 and
.32, and the 1/4 wavelength plates 26 and 31 constituting the display panel
~ 1. 10 In the display panel 1, the polasjzation plates 27 and 32 are 50
percent polarization plates. The transmttance of each is 50 percent. The

sum of the {JANSTBE LEANC &Sp k) S F BIBIN L RANES oA tos dei®with
transparent insulating substrates 8 and 28, the first and 15 second

inter-layer iﬁlsﬂ%%ﬂfi%rﬁeﬁ?ia%doQS formed on the TFT 9, and the 1/4

. wavel ength p?at es eened to be 40 percent. Even if
- consi dering that lle"% xel assed .t.hrough, the I mum

s .can be
transmittance of T4% %‘?ﬂé‘{bﬁbarhﬁ T%’WW ReERs GYoP&rceRti on 20

plate) x 50 percent (polarization plate) x 40 percent (glass + TFT) = 10
per cent. Accadt dhoit \is ithathethr sight nmi then tbaqkld ghdifgd somrbsogbed
transmttance becones 4 percent to 10 percent. Concerning the reflectance,
it is known aidtréefibe@ed |hynimantosmmdszerargd ionwwledrinid ecinsdsa2@@0 8cd/ n2 on
very 15 March 2006 -- 2 9 dark days (wth overcast thunderclouds and snow)

and beconeszSQ0HH), | tthd CFH ¥) And G RBdnStiddtar Aunidierinduldtieig FaMmsWay as
t hat described above, in order for people-to discrimnate the character

~display, thepgigphays | £#08-hadCen StHRIStrPes 20 i/ THhnfifa MR tACCRANE Y, the

reflectance of

| the polarization plates 27 and 32, and the 1/4 wavelength

. plates 26 and 31 constituting the display panel 1.

10 In the display panel 1, the polarization plates 27
and 32 are 50 percent polarization plates. The
transmittance of each is 50 percent. The sum of the
traﬁsmittances of the remaining parts, that is, the
transparent insulating substrates 8 and 28, the first and

15 second inter-layer insulating films 24 and 25 formed on
the TFT 9, and the 1/4 wavelength plates 26 and 31, is
deemed to be 40 percent. Even if considering that all
pixels can be passed through, the maximum transmittance
6f the display panel 1 becomes:SO percent {(polarization

20 .plate) x 50 percent (polarization plate) x 40 percent
(glass + TFT) = 10 percent.

Accordingly, in the present embodiment, the range of
the transmittance becomes 4 percent to 10 percent.

Concerning the reflectance, it is known that the

25 illuminance observed cutdoors becomes 2000 cd/m? on very




t he di spl ay panel becones 1 percent. The definition and uremrent met hod
E MR A0

of the reflectance will be explained later. This result with the
result of investigations by the inventors of the present 10 application on
the lowest illumnance by emtting light to a PDA fromthe front surface

in a dark room Regarding the maxi numteflectance, it is known from

measurenent dhat 42 Pelwet sdeiditsd IHundS-duad e dmnne hen for

. exanple Ag covers the entire surface 15 of the reflection electrode 12.

fof 1 octance DUREIeR 000 12 "BRAEIC 17 ekt BraBRET BhERRaE [ unc e |

used. as the reflection surface. In FIG 12, PNLN indicates the display
panel nunberS3BRREI2T néi"%’ét‘g%s?lﬁebefb FRAVc tidhFdeth £ R fefpd & dUe of

t he measurement data shown in FIG 12 is 42.23 percent. Accordingly, the
~di spl ay panefilg@ebninaie t he heharacken draid e theadi sl avdamigance

reflectance of about 42 percent when the entire surface of the reflection
el ectrode 12mist used@scdfm’ 25 mefdescRicomreiinbdye. the Meftkc?2886e- 080 I n
actuality, the transmttance is 4 percent or nore, that is, the aperture

ratio is 40 fiesCc@léplay OB Eetdmes NABd doerd he BHL UL ik iQn et
reflection region is 60 percent or less. This being so, the maxi num

reflectance geQfutdifertt SR BNoRGE! tHe DELONBS BLPEICEN L ISi1800RRCE) X

later. This result coincides with the result of
investigations by the inventors of the present

1¢ application on the lowest illuminance by emitting light
tc a PDA from the front surface in a dark room.

Regarding the maximum reflectance, it is known from
measurement that 42 percent is the limit as the
reflectance when for example Ag covers the entire surface

15 of the reflection electrode 12. The graph shown in FIG.
12 shows the results of measurement of the reflectance
when the entire surface of the reflection electrode 12 is
used as the reflection surface. In FIG. 12, PNLN
indicates the display panel number, and RFL indicates the

20 - reflectance. The average value of the measurement data
shown in FIG. 12 is 42.23 percent. Accordingly, the
display panel according to the present embodiment has an
average reflecﬁance of about 42 percent when the entire
surface of the reflection electrode 12 is used as the

25 reflection surface.




42 percent (total surface reflectance) = 25 percent. The §@§é{%ﬂ0%r the

aperture ratio being less than 100 percent 1is as foIIows.1 t he

signal line, gate line, and the transistor portions inside the pixel
unavoi dably 10 bl ock the transm ssion 5 gion. Therefore 100 percent cannot
achi eved as the aperture ratio, and it becones |ess than 100 percent. FIG

13 is a view of ard anae;0fi ¢y ANHE taghidthndLlileqt | 2xl R set in
the liquid crystal display 3f15 according to tnhe fli rst%[é;&n%(? ?nerllrt . ?I n'Fl G

13, the abscgiasa {ndi ef t ance nd.the qrdinate _indicates
the transni tc* ancel%%%;%&f nllag'%'@ qu ,4%glperré%g‘f‘|nct):n qzlc’ngi'ogatpgﬁ S8t he
letter "a" indicates .the range of t smttance .and refl ectance able to be
set inali Cf%nb&%b’ c%t%ﬁead%saptr’& Oii’fg}%l Hee Fegdont 18n68di ment, and
a region indicated by the letter"b" indicates the range of transmttance
and refl ect RRECHUVF €% oL BT sethis heing frontihenaximym sefdpestancdi spl ay.

By the above liquid crystal display of the present 25 enbodi nent, the

refl ect asce ol the diisplay prared 1 beovnes B Yercden200&eFlectancel & range
from1l percent to 25 percent, and the transmittance can be set at 4

percent. to MR pesresit (fedal isudfaddedfrgticd)he pegirRcent . Shawn in
FIG 13. By this, the liquid crystal display of the present 5 enbodi nent

can secure ardddBiafee Bfe AR ASR] BhtdiPMeing 1ess than 100 percent
| is as follows. Namely, the signal line, gate line, and
the transistor portiohs inside the pixel unaveidably
10 block the transmission region. Therefore 100 percent
gannot achieved as the aperture ratio, and it becomes
less than 100 percent.
FIG. 13 is a view of a range of transmittance and
reflectance able to be set in the liquid crystal display
15 according to the first embodiment. In FIG. 13, the
abscissa indicates the reflectance RFL, and the ordinate
indicates the transmittaﬁce TRM. Further, in FIG. 13, a
region indicated by the letter "a" indicates the range of
transmittance and reflectance able to be set in a liquid
20 crystal display according to the present embodiment, and
a ;egion indicated by the letter"b" indicates the range
of transmittance and reflectance able to be set in a
conventional liquid crystal display.
By the above liquid crystal display of the present

25 embodiment, the reflectance in the display panel 1 can be




equi val ent to that of a liquid crystal display perforn1ng
i Fh 2908,

" transm ssion type display even wwth the | um nance of

backl i ght, can secure the characteristics of a reflectlon type even in a
hi gh definition display of 10 for exanmp{e 200 ppi, and can realize a
di splay ‘having a high viewability even when the sunlight, illumnation

light, or otdwf @xt£rmagd ifim 1S glrBer@Md 25y ge?cehitS, an@ &neonventi onal
l'iquid crystal dlsplay, the refl ectance .and the transmttance were set 15

in the rangecofnddia fHMo 'rP bes RQUN J¢ rfjog%‘rcje%t Tengf ool h%ggfa a

refl ectance near that of t present e ment can be secured

t tt the | f ot ol ay .|
oo sor onfs b, OWaanﬁe%slﬂ'o@aegfﬁeﬁq%a%hﬁ'ﬂ L SR E -

| ower ed. Next,. the nethod of neasurenent of the reflectance of the liquid
crystal di spHHS exdien HeB ish SRYSHaY HSPlawpofi fo@ PAESeAdwn in FIG 14A,
light is emtted froman 25 external |ight source 52 to the liquid crysta
di spl ay £5 Mmkedigge <80 squarg 2l hmniinagachefalibee dispdeivt dilightt. A drive
circuit 51 supplies a suitable drive voltage to the display panel 1 to

drive the displiaglrteltd dataod @ displiay omyisttalodi sphaydipepifaympagel 1.
Then, the incident light is 5 reflected at the reflection filmin the

display panednlly transmission type display even with the luminance of

a conventional backlight, can secure the characteristics
of a reflection type even in a high definition dispiay of

10 for example 200 ppi, and can realize a display having a
high viewability even when the sunlight, illumination
light, or other external light is dim.

Contrary to this, in a conventional liquid crystal

display, the reflectance and the transmittance were set
© 15 in the range of the region "b" shown in FIG. 13.
Therefore, although a reflectance near that of the
present embodiment can be secured, the transmittance is
low, the luminance of the display light in the
transmission type display is not sufficient, and the
20 viewability is iowered.

Next, the method of measurement of the reflectance
of the liquid crystal display explained above will be
explained.
| As shown in FIG. 14A, light is emitted from an

25 external light source 52 to the liquid crystal display




Is emtted, and strikes an optical sensor 55. An opti cal | ber,
transmits the light received by the optical sensor 55 vi @gpcal
fiber 53 to a photo detector 54 and a neasurenent device 56. The

measur enent device 56 1.0 neasures theszgutput in the white display of the
reflection light. At this time, the light emtted fromthe external |ight

source 52, apas&bwh havinds tHd Babsveradiad waidiat A airiwvcidentyianghe 61
beconmes 300 at the center of the 15 display panel 1 and so that the

reflection | §gbb1idsld estethidie the ¢ S\Fﬁl%g{%‘”&! &ét&féiﬁsar% %n%qt l,cal

sensor 55 fromthe front surface t hat e I ncident I"e upon t he
optical sens C T ef] ect ance qf T‘?ELerefletlon region Ais
~found as sho% %195 %?Ifl%?r%éne%lua ioh °r 3-3(_] 2 5 the
reflection |Ijght B obt |ned | = R (Wite) (output fromwhite
di spl ay/ out ptlg '?Prf?%fl?ae%? 041: Tl?ﬁ%'artd)e K hEdend dicdorlis ef | ection
standard ... 25 Here, the "reflection standard" is a standard 15 March

2006 - 33 ré‘Pf chedh ) e IRbObechian dtilande itheldicmbakranel 1Vhen the
incident light is constant, if conparing the anount of the reflection
li-ght from the embstedmend strdods var hogthiecAnmesad Sthe Arefdpadidaan | i ght
fromthe 5 reflection standard, the refl ectance of the neasurenent

: fiber 53 transmits the light received by the optical

sensor 55 via the optical fiber 53 to a photo detector 54
and a measurement device 56. The measurement device 56

16 measures the output in the white display of the
reflection light.

At this time, the light emitted from the external
ligﬁt source 52, as shown in FIG. 1l4B is emitted so that
an incident angle 6; becomes 30° at the center of the

15 display panel 1 and so that the reflection light
reflected at the display panel 1 strikes the optical
sensor 55 from the front surface, that is, the incident
angle upon the optical sensor 55 becomes 0°, The
reflectance of the reflection region A is found as shown

.20 in the following equation 1 using the output of the
reflection light obtained in this way:

R = R (White) = (cutput from white display/output
from reflection standard) x reflectance of reflection
sgtandard ... (1)

25 Here, the "reflection standard" is a standard



obj ect can be estimated. Note that the above expl anation Y\?&ag%%assum' ng
that the TFT 9 had a bottom gate structure, but the TFT 9 imted
to such a structure and may have a so lo called top gate structure shown in
FIG 15. In FIG 15, the sane notat i_ogg are used for conponents simlar to
those of the TFT 9 shown in FIG 4, and explanations thereof are omtted.

In a TFT 40, rafl&885Ar €B)ebiSHhasé NG s1OStAReE Bs i SlrdRyf GBch W th a pair
of n+ diffusion layers 16 and 17 and a sem conductor thin filmlayer 18.

These are CoNRERUCHY Pncfabfici 1ogheti D0edilmdd, JP%&@;%%%::;%%?& ng film

14 is formed with a gate electrode 15 at a location na wth the
sem conduct o ' k| ayer, 18 and js covered 20 by an inter-I|ayer
i nsul ati ng f%?%%?.é#hgﬁ%n%{%h?%?]e?n j(h%lﬁifa 9 ?zhl‘? r‘ﬁ{%ﬁS‘f%e‘r?%}%d with a
source el ectrode %9 _agd a drain electrode 20, the source electrode 19 is
connect ed t 0°BAESH+HFR HRE AIPETErOF 6thE raf ForEiRR heght oM fididred in
the inter-layer insulating film4l, and the 25 drain electrode 20 is
connect ed® t orefkeatianf standard aythe 15efbectrro9oB4thd Mmedsuremsmtt act hol e
41b formed in the inter-layer insulating film4l. According to the present
enbodi nent, bdpjéctusangbéhestimgtedfrom the backlights by the | ens sheet
74, the 5 | um nance of the backlights is inproved, the

Note that the above explanation was given assuming

that the TFT 9 had a bottom gate structure, but the TFT o
is not limited td such a structure and may have a so-
llO called top gate structure shown in FIG. 15. In FIG. 15,
the same notations are used for components similar to
.those of the TFT S shown in FIG. 4, and explanations
thereof are Qmitted.
In a TFT 40, a transparent insulating substrate 8 is
15 formed with a pair of n* diffusion layers 16 and 17 and a
semiconductor thin film layer 18. These are covered by a
"gate insulating film 14, The gate insulating film 14 is
formed with a gate electrode 15 at a location matching
with the semiconductor thin film layer 18 and is covered
20 by an inter-layer insulating film 41. The inter-layer
insulating film 41 is formed with a source electrode 19
 and a drain electrode 20, the source electrode 19 is
connected to one n* diffusion layer 16 via a contact hole
4la formed in the inter-layer insulating film 41, and the

25 drain electrode 20 is connected to the n* diffusion layer




transmttance is set at 4 percent to 10 percent, the ref]séa@ar%t%oés set in
a range from1l percent to 25 percent, and it becones pos eal with
the . reduction of the pixel size and the transm ssion region 10 area al ong
with the increased definition of display while securing a display |ight
| umi nance equival ent to that of a display performng only transm ssion

type di splayiAngi a r&fd@cdd ob1d saedinfid iIniRANGE Jreduieed for the
di spl ay wi thout | ncreasing the power consunption of the 15 backlights.

Second Enbo %ﬁ A7, 4Pl anation will be given of a second
o £ . ) )
enbodi nment gjf e pr enltaﬂrl1 nventlon inrelation to FIG 16 to FIG 18. 20

The liquid cryst | a he present enbodi ment _has a basic structure
“the same as that a%f ‘r’l"@'qq/ th r]‘de?g) meRtafte d OCHSERE £PPst
enbodi mrent. Note, _in the I| qui d crystal di spl ay of t he present enbodi nent,
the confi gurkkghin fron H&é‘eté?aé‘rk]ﬁghtf@r b e flanentshieedm735 tthet of the
first embodi ment. 15 March 2006 - 35 FIG 16 is a sectional view of the
structuré ofluminfings aof pdwe bRk liightse is quirdcoregst dhedi spl ay of the
present enbodi nent. The plan view of the display panel 81 shown in FIG 16
is simlar terddeaii tfadddSisl.sdd Gt U6 gerderic IRC 00 pir cén@Wy %lhet he center

_of this plan view.

reflectance is set in a range from 1 percent to 25
percent, and it becomes possiblé to deal with the
reduction of the pixel size and the transmission region

10 area along with the increased definition of display while
securing a display light luminance equivalent to that.of
a display performing only transmission type display and a
reflection display light luminance required for the
display without increasing the power consumption of the

15 backlights.

Second Embodiment

Next, an explanation will be given of a segond
embodiment of the present invention in relation to FIG.
16 to FIG. 18.

20 The liquid crystal display of the present embodiment
‘has a basic sfructure the same as that of the liquid
crystal display explained in the first embediment. Note,
in the liquid crystal display of the present embodiment,
the configuration of the color filter is different from

25 that‘of the first embodiment.




Note that, in FIG 16, the sane notations are used for c simlar
to those of the liquid crystal display of the first enbomg%%gﬁd

overl apping explanations are omtted. 10 The structure of the display
panel 81 shown in FIG 16 is basical ly the same as that of the display
panel 1 shown in FIG 2. Note, in FI 16, the color filter 29b is

provided in onlyrmite teangmas Hetilp@i10RiBw MEMRhY, skpubhardi 8pl gy panel 81
shown in FIG 16, 15 the thin filmtransistor TFT 9 is formed by using a -

thin film iegpggﬂt %tqﬁ%%&atalir Q.np@wécrﬁﬁt\ﬁ!d' ic s%hh.i ggggggggé?fs%he obt ai ned

by for exanp e outer diametér size can be'r € areas of
the reflection reqgion.A and the _transm ssion reqion B can be nade_| arge,
and bot h of RURSS AIHCSRPERte FHE SHAR VHROnoE, HiGeceskiny PABRLVEY
Further, the reflection electrode 12 is nade of a rhodium_titanium
chronium siShRsm ig FEGuh® && eisilarotootthat eft ELCHi Lm FERe 3Bridce of
the'reflection region Ais forned with relief shapes, and the directivity
of 25 thé ref |sssttiiomali gtitew stedded cePder ofl &by, phhenvésiwng 15 March 2006
- 36 silver (Ag) or the like, the reflectance in the reflection type :
di spl ay becones hictles thedn iiln tHIes.aneg ahe tshaer abltations aeg aBed i s nmade

“small, the reflectance of the required |evel can be secured. 5 The col or .

'f_i lter 29b i@ dfigdhdrdielsigRl1red P hdse of the liquid crystal

| | display of the first embodiment, and overlapping
explanations are omitted.

10 The structure of the display panel 81 shown in FIG.
16 is basically the same as that of the display panel 1
shown in FIG. 2. Note, in FIG. 16, the color filter 2%b
is provided in only the transmission region B.

Namely, in the display panel 81 shown in FIG. 16,

15 the thin film transistor TFT 9 is formed by using a thin
film of low temperature polyecrystalline silicon (poly-8i)
obtained by for example CVD, the outer diameter size can
be reduced, the areas of the reflection region A and the
transmission region B can be made large, and both of the

20 ;eflectance and the transmittance can be improved.

Further, the reflection electrode 12 is made of =a
rhodium, titanium, chromium, silver, aluminum, Chromel,
or other metal film, the surface of the reflection region
A is formed with relief shapes, and the directivity of

25 the reflection light is eased. Particularly, when using




pi gnent or a dye and is configured by conbining filter If\élﬁfﬁ hojoogor
exanple red, green, and blue colors. Conventionally, in order %o perform
color display, the color filter is provided at a |location matching with
10 the entire pixel region 4 of the tragsparent insulating substrate 28,
and both of the reflection type display and the transm ssion type display

beconme col orsiliegt ayag)Ther €0 oriké) tEde aksrdscdi@htin Sad he | um nance of
the reflection light and the transm ssion light is reduced by 15 that

amount . I n arhfoade & Vehak &i%ﬂﬁé}%’lﬁ@é&ﬁé@ Yl g, ETADSE Séi'eﬁ%rte\épggr

di splay, the tinme of using the " r ection type display is short.

exanpl e, whe supply_can pe. secured ly t.he transm ssion _type 20
display is u&%,r%%tﬁgnr%gb%ﬁ Jﬁjm‘éfé csa[?ﬁ%g]t' pee s%ec%’eé:g% ere is
~a certain degree of anmbient light, the reflection type display is used. At
such a ti_rre,gll"? FeILFeF hevR! tFRR RMISPYHEd characters are di spl ayed by
two colors of white and black 25 and that a difference between the white
and the Bl ack 15 Tee Prhooefiligr 2¥uis e Yerindilayeryignlarathidy @ ot her
text or tables etc. be clear. Accordingly, in the present enbodi nent, as

shown in FlGgiéntide zodps dndties EHFidpeeddy cpnbidite Gillited 5
surface of the pixel region 4, but only-the transm ssion
layers of for example red, green, and blue colors.
Conventiocnally, in order to perform color display,
the colof filter is provided at a location matching with
10 the entire pixel region 4 of the transparent insulating
substrate 28, and both of the reflection type display and
the transmission type display become color display. The
color filter absorbs light, so the luminance of the
reflection light and the transmission light is reduced by
15 that amount.
In a liquid crystal display mainly using
transmission type display, the time of using the
reflection type display is short. For example, when a
power supply can be secured, only the transmission type
20 display is used, while when a power supply cannot be
secured and there is a certain degree of ambient light,
the reflection type display is used.
At such a time, it is sufficient that only the

characters are displayed by two colors of white and black

25 and that a difference between the white and the black




region B. Due to this, in the reflection region A no col 1) IS
provi ded, so the absorption of [ight and the reduction 0F§¥%%&H%E$nance
due to the color filter are 10 elimnated. Further, in contrast to the

di splay of one dot on the screen by_thtee pixels of R G and B in the
case of the color display, in the case of a black and white display, one
pi xel di spl ayswiteedofomndii ¢pleayniimd es—nefi 11 orlichledy et el Tabgeanes
substantially three times that of the color display, so the reflection

| um nance bestde e farddyer higher. FIG 17 shows data of the refl ectance
(X) where the color filter is provided in both of the reflection region

.20. A and the trgosiissd r egi flectance _(Y).obtai.ned by

t he present enbodi nentc?ﬁlll#:ﬂfl’l %q{ %éﬁg%ﬁiﬁoﬁﬁgﬁ data%s Sthﬁgnr &M ectance
RFL. By arr LN h colar filter 2 as, in the present enbodi nent, the
refl ectance TUTt %leér’ S‘?]‘éeatcf?%‘cfrncélé!a%segs%ﬁﬂ drotficﬁ’é’g $OVES SORcERELITES March
2006 38 FIG 18 is a view of a range of transmttance and reflectance

abl e to Be sBIE5ars Rf IthRIiREXSYy Segich Syl Bt soddr dihey teansmé seiest
enbodinent. In FIG 18, the abscissa indicates the reflectance RFL,' and

t he ordi nat ersiqidiRates the transnmttance TRM Further, in FIG 18, a

Due to this, in the reflection region A, no color

filter is provided, so the absorption of light and the

;eduction of.the luminance due to the color filter are
10 eliminated.

Further, in contrast to the display of one dot on
the screen by three pixels of R, G, and B in the case of
the color display, in the case of a black and white
display, one pixel displays one dot and the number of

15 displayed pixels becomes substantially three times that
of the color display, so the reflection luminance becomes
further higher.

FIG. 17 shows data of the reflectance (X) where the
color filter is provided in both of the reflection region

20- A and the transmission region B and the reflectance (Y)
obtained by the present embodiment. In FIG. 17, the
ordinate indicates the reflectance RFL. By arranging the
color filter 29b as in the present embodiment, the
reflectance further greatly increases and reaches 30

25 percent.




region indicated by the letter "c" indicates the range of 5 f2850dst ance
and reflectance able to be set in the liquid crystal display according to
the present. enbodi nent, and the region indicated by the letter "b" 10

i ndi cates the range of transmttance-apgd reflectance able to be set in a
conventional liquid crystal display. By the above liquid crystal display of
the present enbof@em8 ise refdwctfrcerangd hef dirsgpl=ay tianrle &hdis in a
range from 1l percent to 30 percent, while the 15 transmttance becones 4

percent to lfepbscesice tdlile ito bd fwewa.me@zaéqmcﬁﬁcﬁearygﬂahl i lspa o gange of
the region "¢c" shown in FIG 18. Due to this liquid crystal display

of the presefnt Mr@tt@@ﬁescyr n hg g disgpl ay |ight
C:hat 0 d{@pﬁgqy pedrforrﬁ r%l%only

equi valent to t aliquid crys

transm ssi o S eve he l.um n e of onve |onal

backl i ght, %ygge%r% caiy %r%l%: et s]t %arbcf r @ﬂdgc% r{é{*ﬁ‘é‘ €and can

realize a di S'Fﬁ& haV| Vi ewabi | i even when _ the sunlight,

i || um nat? on* Jg%aft Sbr Thence ight- Brtheryi dn F5Gwmdéh 2006 - 39

Accordingly, as in the enbodlnent by using a color .filter covering only

the transm s§¢&FFR cfidirated Hay pﬁh@lleﬁf@gﬂ dhe" dndiigatiad rbher amsigst of TFT

- using |ow tenperature polycrystalline silicon, and a reflection el ectrode
in 5 whi ch atrasfsmectiornce apdrrefide-tofinag: ndlad taf b keghin the

liquid crystal display according to the present

embodiment, and the region indicated by the letter "b"

1q indicates the range of transmittance and reflectance able

to be set in a conventional liquid crystal display.
By the above liquid crystal display of the present

embodiment, the reflectance in the display panel 81 is in
a range from 1 percenﬁ to 30 percent, while the

15 transmittance becomes 4 percent to 10 percent, that is,
the values can be set within the range of the region "c"
shown in FIG. 18. Due to this, the liquid crystal display
of the present embodiment can secure a luminance of the
display light equivalent to that of a liquid crystal

20 display performing only transmission type display even
with the luminance of a conventional backlight, can
secure the characteristics of the reflection type, and
can realize a display having a high viewability even when
the sunlight, illumination light, or other external light

25 “is dim.




refl ectance such as silver or alum num has the function gghﬁﬁéﬁﬁﬁﬂﬂng’
color display is achieved in only the transm ssion type display, and bl ack
and white display is achieved in the reflection type display, but both of
the 10 reflectance and the transmttan@® can be inproved and both of the
viewabilities of the reflection type display and the transm ssion type

di spl ay can be enBasexdin@hir daBntodithenembedinent, ekxpl aghhion vwbidr be
given of a third 15 enbodi ment of the present invention in relation to FIG

19 to FIG 2filtee kbgerdngryalgl tHespkaysmisthenpregesh §ebel nBite; has
the same basic structure as that of the liquid crystal displays explained

in the first ragdosecangn2f Qﬁmditgsﬂgistlsk?ﬁ?wfusiﬂ%hi‘gy"F%g&é’rrééﬁ@é al

di splay of the present enbodi nent, the configurati ection

filmis diff | Ssa. ti | _view of the sfructure of a
di spl ay paneﬁbg?kfxgkggl%?au?a§%?§§fagggi%pf%%i%?tfﬂ% e%%°g¥%@%ﬁF‘
enbodineng.'g e tructﬁie gt t he dlsglgg anel 15 March_2006 - 40 shown in
FIG 19 i3 bAStER Py Ehe®SanB adePhy de|ef agnetzpweler, highthe display
panel 61 of FIG 19, the surface of the reflection region A of the -
refl ecti on eF@éLPelanee spshaasnsblresupt aabumbniipthas hthe fundtidn 19 to
FIG 21, the sane notations

. of scattering, color display is achieved in only the

transmission type display, and black and white display is
achieved in the reflection type display, but both of the

10 reflectance and the transmittance can be improved and
both of the viewabilities of the reflection type display
and the transmission type display can be enhanced.

Third Embodiment

Next, an explanation will be given of a third
15 embodiment of the present invention in relation to FIG.
1% to FIG. 21.
The liquid crystal display of the present embodiment
.has the same basic structure as that of the liquid
crystal displays explained in the first and second
20 embodiments. However, in the liquid crystal display of
| the preseht embodiment, the configuration of the
reflection film is different.
fIG. 19 is a sectional view of the structure of a
display panel 61 in the liquid crystal display of the

25 present embodiment. The structure of the display panel




are attached to simlar conmponents to those of the |iquidjsgf¥sf#doedi Spl ays
of the first and second enbodi nents. The surface of the reflection

el ectrode 62 preferably has a surface center |ine average roughness 10
(Ra) of 0.02 umor less. Further, the pgflLection electrode 62 is made of a
conductive nmetal filmsuch as rhodium titanium chromum silver,

al um num angho@hromefIGs R plaibeei cdbse. tHdesamd | actanoe 4 HIE 16,
reflection type display beconmes high particularly when 15 silver is used.

In the firstEamgveeron €ndogi BTy paseSOIWLE Nefd G192 @ i, 8acL6,
relief shapes of the reflection region A of the reflection el ectrode 12

are prepare S e T at, th I.f fusion
of 20 the rcej?f‘e%}g?o%léﬁe%ﬁf%ﬁefé nlléa%héef Il%%t%@r %:eac%rgeqlecqﬁjro Srystal s
at random at Iectlon type display, but dispersion of the
refl.ection Illgrr]\% % nsgur%zﬁcéel iquid crystals is forced, so the
reflectance is Iomereq%ﬁ re,than that of the reflection-filmin the 25
snoot h state. 15 YRrent®be in 441G nlT Hee tFEG d hbodisresame mekatdionect ance
is made the highest by snmoothening the reflection filmin order to' nake

t he peak of #¥e 3‘@?3@@@4‘- oFP t $riamivkad negnpdnents staddeyse tdfe thef lldehiian | i ght
Is concentrated, and the viewability 5 of the display screen suffers from

directivity,ctwstal displays of the first and second embodiments.

The surface of the reflection electrode 62
preferably has a surface center line average roughness
10 (Ra) of 0.02 ym or less. Further, the reflection
electrode 62 is made of a conductive ﬁetal £film éuch as
rhodium, titanium, chromium, silvér, aluminum, and
Chromel as explained above. The reflectance in the
reflection type display becomes high particularly when
15 silver is used.
In the first and second embodiments, as shown in FIG.
"2 and FIG. 16, relief shapes of the reflection region A
of the reflection electrode 12 are prepared using the
scattering layer 10. This is aimed at the.diffusion of
20 the reflection light by making the light strike the
liquid crystals at random at the time of reflection typé
display, but dispersion of the reflection light striking
the liquid crystals is forced, so the reflectance is
lowered more than that of the reflection. film in ﬁhe

25 smooth state.




general ly the greatest reduction in the viewability of theyihasiHessi on
type display occurs in a case where sunlight strikes the eyes by direct
reflection. Viewability need only be secured at this tinme. Nanely, 10 the
reflectance is set at the maxi num andsihe viewability of the reflection
type display is made the maxinmumonly for the portion where the

vi ewabi l ity of tHen thensidssieanbddimerdi sy deflreitateeuiedmadecendi ngly,
in the present enbodi ment, desirably 15 the snooth reflection | ayer causing

regul ar reflecgnddt iy dboBibriing Nod eidaddiQnny 3i1aD 1A ohRckhgsthird
enbodi nment, in the sane way as the second enbodi nent, the thin film

transistor (JHdd Sd er ' : qggpgnép pglLy talline
silicon 20 as t%e s%%%%nd‘%%%@t#&r%ql% ayer. l#[uﬁne'rf%t %@X%o 8P filter
29b is arranged so.Aas to caver, nat the entir urface_of the pixel region
64, _but only %er‘ﬁ%@fﬁ%%i bt &g Pt ated r gt}ﬁeoﬁlreé’@g&ﬁlﬂ}’ no
color filter is 25 provjded, so the absorption of light and the reduction
of 15 Mar‘ch 2boEre Pide IGHRMREIRRS Ty aheigaicda it e P e 1 educed.
Further, in contrast to the display of one dot on the screen by three

pi xel s of RoshezmdlB the tgreatest ofeduwniion dirspihey viiewabhditgsefof bl ack

and white display, 5 one pixel displays one dot, so the nunber of displayed
: the transmission type display occurs in a case where

sunlight strikes the eyes by direct reflection.
Viewability need only be secured at this time. Namely,

10 the reflectance is set at the maximum, and the
viewability of the reflection type display is made the
maximum only for the por£ion where the viewability of the
transmission type display is not secured.

Accordingly, in the present embodiment, desirably

15 the smooth reflection layer causing regular reflection ié
formed as the reflection region A.

In the third embodiment, in the same way as the
second embodiment, the thin film transistor (TFT) 9 is
formed by using low temperature polycrystalline silicon

20 as the semiconductor thin film layer. Further, the color
filter 2% is arranged sc as to cover not the entire
surface of the pixel region 64, but only the transmiséion
region B.

In the reflection region A; no color filter is

25 provided, so the absorption of light and the reduction of




pi xel s becomes substantially three times that of the col ¢k I\/ﬂiré{)i(ﬁ‘)‘é and the
refl ectance can be inproved up to 30 percent at the maxi nrum Further, the
snooth reflection region. A of the 10 reflection electrode 62 is forned
just above the regions where intercgngpects such as the gate line 5, signal
line and the CS line 7 are formed or the region where the TFT 9 is forned

(bel ow, thestheebimisandd |dibe tefds ashler B Hdre avd G AEECt regions”).
The |ight cannot pass 15 through the above interconnect regions, so they

cannot serve as partfer idecdd@ASHE SE Ohd "cﬂﬂéiﬂ'aégbff Yrf '%#e@%pem ng

reflection region A by effectively utilizing such gl ons,
area of the NS SSl r8g| be t a} ned t.he Ximumlimt up
to the remai %lﬁ%gég%éé%ﬁ% %‘%:éﬁp}?% ?feg?’oﬁé.’ Iaﬁlc{iﬁ s"%atrsi%, c[ai‘?@sé’fr;arts

are arranged o that the reflection filmelectrode 62 covers one side of
the gate [i n‘éog?rt%es%#%‘ﬁallq iﬁée &aﬁ%eo’%]é"lla}ﬂ‘e and gthite KdsRlfvYer connect s.

FIG 20A to FIG 20D and FIG 21Ato FIG 21D are 25 views of exanples of
forning the PR¢ IR FbriwRi e £ dots srdie Zouder 47 dilsplavede
i nterconnect region in a structure wherein the CSline 7 and the gate |ine

5 are i ndepepthests Be@med/silss ttampt il W evhmde tthiengs xatr e ahd n a 1iquid
crystal display. In this pixel region, the gate 5 1line 5, the signal |ine
6, and the Goléonedi/splbsie aiid tfife reflectance can be improved up to
30 percent at the maximum.,
Further, the smooth reflection region A of the
10 reflection electrode 62 is formed just above the regions
where interconnects such as the gate line 5, signal line
6, and the CS line 7 are formed or the region where the
TFT 9 is formed (below, these regions will be referred to
as the "interconnect regions™). The light cannot pass
15 through the above interconnect regions, so they cannot
- serve as parts of the transmission region. By forming the
reflection region A by effectively utilizing such regions,
the opening area of the transmission region B can be
obtained at the maximum limit up to the remaining area of
20 the pixel region. In this case, these parts are arranged
so that the reflection film electrode 62 covers one side
of the gate line 5, the signal line 6, the €S line 7, or
other interconnects.

FIG. 20A to FIG. 20D and FIG. 21A to FIG. 21D are

25 views of examples of forming the reflection region A just




metal filmare provided, and the gate line 5 and the CS ki Rerdh BB :
~independent. The reflection region A of the reflection electrode 62 is L
formed in the region just above either one of the gate |line interconnect
region 1o nade of the nmetal film the aggnal line interconnect region, the
CS line interconnect region, and the region where the thin filmtransistor
9 (TFT) is fabped bheaintegronnéotneegihbyn comba ns et yntalirwddas roftidese
regions. FIG 20B shows a case where the gate line 15 interconnect region,
the CS |ine csteigennesidr egeofatadlikdes Tide ratidferddntised as the
reflection region A, FIG 20C shows a case where only the CS |ine

nterconnect T egies. | soNSed #Soidk GELh CGE | Ok TSOLEN AcFLG,20D shovs 2

case where only the gate line interconnect region Is sed "as e

reflection regj o 2 WS case. where only the TFT region is
used as the ?g#ﬁg@f‘%}ﬁé%%g&@ﬁg@%m% B it arec%%cg“vm%}ee BHY the Cs
line interconnect region. and, the TFT region are used as the. reflection
regi on A° FIGRS1ey sﬁ%ﬁsshgﬁ%&se Wher e t3E gHte &5 tink | made afndde region
and the TFT region_are used as 15 March 2006 - 44 the reflection region A
and FIG 21W§gé%fhl@a%’éem%¢‘éld%@}yal‘lifﬂletls@ oFette | 3ime i htard diee @S r egi on
Is used as the reflection region A. By effectively using the space in the
pi xel regionliBeih ahe sivdgpendént geThe ecefifedtion rongkns A @F reg on B

reflection electrode 62 is formed in the region just

above either one of the gate line interconnect region

10 made of the metal film, the signal line interconnect

- region, the CS line interconnect region, and the region
where the thin film transistor 9 (TFT) is formed or a
region formed by combining a plurality of these regions.

FIG. 20B shows a case where the gate line

15 interconnect region, the CS line interconnect region and
the TFT region are used as the reflection region A; FIG.
20C shows a case where only the CS line interconnect
region is used as the reflection region A; FIG. 20D shows
a case where only the gate line interconnect region is

20 used as the reflection region A; FIG. 21A.shows a case
where only the TFT region is used as the reflection
region A; FIG. 21B shows a case where only the CS line
interconnect region and the TFT region are used as the
reflection region A; FIG. 21C shows a case where the gate

" 25 line interconnect region and the TFT region are used as




can be secured, and the transmttance can be inproved. FpigihnEHagdi ment
Next, an explanation will be given of a fourth enbodinent of the present
‘irnvention in relation-to FIG 10 22 and FIG 23. FIG 22 is a sectional
view of the structure of a display papel _.61A in the liquid crystal display
of the present enbodiment. The structure of the display panel shown in
FIG 22 is btbsecadflethibosaneghsn thatared FIG 2D sHowd Fldase2Uherke sane
notations are attached to simlar conponents to those of the |liquid
crystal di spbayy het&Egniirsinanthsecaschembosh Sis HiRed izuighecrystal

di splay of the fourth enbodinment has a different color filter formng
region from : A2 0 iQuid crystal display explained in the third
enbodi nment eﬁp %?%%hoﬁb%%£$ %d%'othermﬁse has the same basic structure. In
t he fourth enbodigent thg. COJZ%N fjlterh29c is a_resin |layer cqlored, for
example, to R GEAnE BBy D% B ghentPoroRRR® oithithe RiFHh&e9:%°% and
second 15 March 2006 - 45 enbodinments and is fornmed so as to be | ocated
facing the IPi%Rts &Y on? 41378% RFFR) thetheriatswiesiad GeIi o t he
transm ssion region B. Note, in the color filter 29c, an opening 40 is
formed in a paRthensesrredponnd nghe otransmsl tisfner t¢daon beedimproved.

Fourth Embodiment

Next, an explanation will be given of a fourth
embodiment of the present invention in relation to FIG.

10 22 and FIG. 23.

FIG. 22 is a sectional view of the structure of a
display panel 61A in the liquid crystal display of the
present embodiment. The structure of the display panel
shown in FIG. 22 is basically the same as that of FIG. 1%.

15 In FIG. 22, the same notations are attached to similar
components to those of the liquid crystal displays of the
first and second embodiments.

The liquid crystal display of the fourth embodiment.
has a different color filter forming region from that of

20 the liquid crystal display explained in the third
embodiment explained above, but otherwise has the same
basic structure.

In the fourth embodiment, the color filter 26c is a
resin layer colored, for example, to R, G, and B by a

25 pigment or dye similar to the first and second




The opening 40 is a region provided since the color filtes R,'{a'}d{\gjoﬁforrred.
When for exanple the region showmm in FIG 20B is used as the reflection

region A, as shown in FIG 23, it is provided as a square opening at a 10
| ocation corresponding to approximatgl ysthe center thereof and formed with
a ratio of 10 percent to 90 percent with respect to the area of the entire

color filteemBOditents randonsi Ngriad tée deftedd AbdRBDFAinthaHd ght
passi ng through the opening 40 does not 15 pass thrqough the color filter

29c col ored £0xgi f£856M 4 COAOIERL S 1% NALe AL 1re§f1%d-i %ﬂq&]}y{eng a

smal|l attenuation is obtained. Further, 1n the liquid crys spl ay, at

the tinme of ' y. ' ay. usi the |ight, passed through
thi s openi ngEg%}l%gl%%gO%i §%?§3§,‘§% IIF%’E%’ tl()rbre}fq'heerc?%ﬁxhq‘{]ll‘?e‘%ﬁ € passed

t hrough the col or f'éter %QC,%%hB refl ectance, the |lum nance, and the

col or reproﬂﬁf‘:?b‘?gi‘{l 1 IPEDIT & (RIT RN PHERP RS RRc dRe be

| nproved. The Light_ passed through the opening 40 expl ai ned 25 above can
"be adj ust®ed FRELABEHPD ¥RBFeR M- to the size of 15 March 2006 - 46 the
openi ng 40. Accordingly, in the liquid crystal display, by changing the
size of the openi Age 48pémimedd 0 nis theraplan pgrditieted i ndd ihe tded cabove
range, the reflectance and the lumnance in the reflection type 5 display
can be adj usteltefoisthot feared. Whed hfod idittnthble the region shown

in FIG. 20B is used as the reflection region A, as shown
in FIG. 23, it is provided as a sgquare opening at a
10 location corresponding to approximately the center
thereof and formed with a ratioc of 10 percent to 90
percent with respect to the area of the entire color
filter 29¢-1 corresponding to the reflection region A.
The light passing through the opening 40 does not
15 pass through the color filter 29c colored to different
coleors, so is-not colored, and light having a small
attenuation is obtained. Further, in the liquid crystal
display, at the time of reflection type display, by using
the light passed through this opening 40 as the display
20 light together with the light passed through the color
filter 290; the reflectance, the luminance, and the color
reproducibility in the entire reflection type display can
be improved.
The light passed through the opening 40 explained.

25 above can be adjusted in amount according to the size of




crystal display, by formng the entire color filter 29c & & 3ddsckness
and by a material different fromthose of the portion 20c-2 correspondi ng
to the transm ssion region B, it becomes unnecessary to adjust the 10
reflectance and the |um nance in the_rgglection type display. Accordingly,
inthe liquid crystal display, the color filter 29c-1 and the color filter
29c- 2 can betheaspéying@raed asderdifglyanen canlitiqiie @paaidii cally the
sanme filmthickness, the sane material, and the sane step, 15 the

refl ectance dnsphey ! aby eothd iy Pendi sl @VoNdhe Td#éﬂq{sg the %df%e@g%e and

t he col or reprodumbillty are T1nproved w thout creasi ng the production

steps, and {ﬂ%rl&—%}%ﬁefr-,ffté@ ivl»ri{ﬂ/i ftﬁ@e%%?e‘f_eld?rg%%gge; tt}f'%-g di splay can

be i nproved. I'n the liquid, crys | um nance in

the reflection e display can be jnproved by enlarging the opening 40
Wit hout rai s?ﬁﬁi%'ﬁ a‘?"é?i%n%ft ?i@ﬁ?’éﬁi’dﬁ i lectden HaR] ze of the
transm ssion_ region B can be maintained as it is. Accordingly, in the 25
1iquid cryst@setay @ beradiestrd t iRr diin aseasforn Hinglthes Nkndidt 2006 -
47 reflectance and a high lum nance is realized, a structure stressing

t he transni se¥ystalpdisplang by | Sogelmg echofentive tadranifditer 2@g on B and
mai ntai ning the lumnance in the transm ssion type display at a high |evel
can be 5 enpidyecs eiicinessatd B alied bidl tdh md-drite from those

of the portion 20c-2 corresponding to the transmission
region B, it becomes unnecessary to adjust the

10 reflectance and the luminance in the reflection type
display. Accordingly, in the liquid crystal display, the
color filter 2%c-1 and the color filter 29c-2 can be
easily formed under the same conditions, specifically the
same film thickness, the same material, and the same step,

i5 the reflectance in the reflection type display and
further the lﬁminance and the color reproducibility are
improved without increasing the production steps, and
therefore the viewability.of the reflection type display
can be improved.

20 Further, in the liquid,crystal‘displéy, the
luminance in the reflection type display can be improved
by enlarging ﬁhe opening 40 without raising the ratio of
the reflection region A, so the size of the transmission
‘region B can be maintained as it is. Accordingly, in the

25 liquid crystal display, reflection type display of a high




viewability in the transm ssion type display can be inpreygfhechifi®sopeni ng
40 is not limted to the one opening exhibiting the square shape expl ai ned
above, but may be 10 triangular, hexagonal, or other polygonal or circular
and al so may be two or nore in nunbec.afowever, when the opening 40 is

gi ven a pol ygonal shape, a difference arises in the anmount of |ight

bet ween t he refieetande ggmd 4 rioingh Heuntintgiake iand-ddid Zeef,| ectdtamdtught to
the outside, 15 so using a circular opening by which the anmount of the

reflection |4ghésneg Mise eekah s 44k dre Haridy a IIRGIgient-Jal @t | nproves
“the efficiency of utilization of the reflectionlight. "Accordingly, the

0peni ng 40 ghe PEELESAN 31 ST B &1 WA miUH\Sund e SRTHLAL eason 20

to-why the circular opening 40 Ts goo even I n e case ere the openi ng

40 has a pol ygo, : o] synmet.ri ¢ polygan.i referred. Further,
t he _openi ng %8 %gén %e %‘Flrr%d?%’lt‘ ”é%e p#lasgela%#hi%q}w ?‘53’53 &P K€ col or
filter 29c-1 cqgres ondugg 25 to the ref|lectiqgn region A other than the
| ocati on °15 FERTRYSH0ARd 48he RIS JRRASP P i amtt®sy the center of

the. reflection region A explained above, but when arranging this i'n the
vicinity of YiewabhhsHy skt othe iftansmg s§iton fagenell spleausarobd eakage of
the light fromthe internal 5 |light source fromthe opening 40 at the tine
of improved.
| The opening 40 is not limited to the one opening
.exhibiting the square shape explained above, but may be
10 triangular, hexagonal, or other polygonal or circular and
also may be two or more in number. However, when the
opening 40 is given a polygonal shape, a difference
~arises in the amount of light between the incident light
from the outside and the reflection light to the ocutside,
15 so using a circular opening by which the amount of the
refiection light becomes equal with respect to any
incident light improves the efficiency of utilization of
the reflection light. Accordingly, the opening 40 is
preferably formed circular. Further, for a similar reason
20 to why the ciﬁcular opéning 40 is good, even in the case
where the opening 40 has a ?olygonal shape, a point
symmetric polygon is preferred.
Further, the opening 40 can be formed at any place

within the range of the color filter 29c-1 corresponding

25 to the reflection region A other than the location




transm ssion display, therefore, preferably it is fornmed be
located at approximtely the center of the reflection reb?gﬁﬂiyﬁ@ﬁe
opening 40 is desirably forned to a size 10 enabling easy pattern
precision, for exanple 20 pmor nore yhen for exanple the shape of the
opening 40 is circular, when taking into consideration the fact that a
negative paté&erbessSondtay ato tAeprmtaid 8a19f tHdedldy of idHeer when forming
the color filter 29c by 15 photolithography and a 1 pin or nore film -

t hi ckness is ' : ' :Eﬁ%' fynetd o ol fil. .

Furt her, ther%%%%t%?lﬁlt%)élz%?%%espo%ﬁg to%’h%ﬁéﬁeg'cta%rﬁan#eé%gn A
cannot be el jm o] e size of . the openi ng 40 nust be nqt nore than
the size of #xﬂ%@%ﬁ%g%e\é%% %g?%ntl}f k%f\fﬁrgsnflrfa%:oq eIt ddensitivity
and di nensi gpnal precision_ of e color filter material wused in the

phot ol | { hogr BBFGRGR o | NN cRE 1eRNIED G chie haidedon WA i nbecond

possi ble. Therefore, the size of the opening 40 is not limted to the
above rarge hHEhFe§oPseef o R mprpingit4) Spddid itdald wE when the opening
40 15 March 2006 - 49 is circular, it may be the dianeter, and when the
opening 40 tzapshigwich ,dbsplst andeebelfowen mpfaiam ysiides Ofcamedi St ance
between the side and the vertex may be 1 pin or nore. 5 Then, by providing
the opening €€ as tbhos0ldtated at approximately the center of the

reflection region A.

The opening 40 is desirably formed to a size

.10 enabling easy pattern precision, for example 20 pm or
more when for example the shape of the opening 40 is
circular, when taking into consideration the fact that a
negative pattern is used as the material of the color
filter when forming the color filter 29c by

15 photolithography and a 1 um or more film thickness is
required for achieving the function as a color filter.
Further, the color filter 28 corresponding to the
reflection region A cannot be eliminated, so the size of.
the copening 40 must be not more than the size of the

20 reflection region A. Note that, if the photosensitivity
and dimensional precision of the color filter material
used in the photolithography are improved, further micro
processing will become possible. Therefore, the size of
the opening 40 is not limited to the above range and may

25 be the opening width. Specifically, when the opening 40



filter 29¢c-1 corresponding to the reflection region A as dﬁ{?ﬁ@ above,
the reflection region A of a high reflectance can be obtalne

exanple, the area of the reflection region A for, obtaining the

viewabi lity of at 10 |east the requi red,J evel can be reduced, and, as a
result, -a liquid crystal display of a Structure stressing the

transm ssion jtsyRe rabh8rt OisemHiena tARIBi bhaReM SahaNwhEROLRA &@ﬁﬂnee
easily realized. For thi's reason, the color reprodu0|b|I|ty inth

Lransii ssi on gy dhsplayais gsdagia%%sdngw Behabgeobi 80s0L agkon, ﬁg. on B

and, at the sane e vi ewa can ove
Iunlnance tr%psng55|og %&g ndhgg Fgfth Enbodlnent Nex n ex Ianatlon
will be gi veFSF=R°Fi PRI"56% ﬁt 8F £RE BPESERt “R¥vBAt Fol™ R:rel ati on
to FIG 24 to FIG 29. In the first to fourth enbodi ments explalned above,
an expl anati 8¥%®as given of a liquid crystal display wherein the Cs line 7
was independently interconnected 25 and an auxiliary capacitor C was forned
bet ween this Cs 18hrerchy2pBevidiog theeoPenhtiat AB tonhbet cohorl ectrode 20,
but the present inventionis not limted to a liquid crystal display
havi ng. such &iddaefi gérali oorrébpratidng, tbhehéi kel eahodhmeayibs Roagi gur ed
so as 5 to be applied also to a liquid crystal display having a

explained above, the reflection region A of a high

reflectance_can be obtained, for example, the area of the

reflection region A for obtaining the viewability of at

10 least the required level can be reduced, and, as a result,

a liquid crystal display of a structure stressing the

transmission type able to secure a large transmission

region B can be easily realized. For this reason, the

color reproducibility in the transmission type display is

15 improved by a large transmission region B and, at the
same time, the viewability can be improved by the high

luminance transmission type display.

Fifth Embodiment

Next, an explanation will be given of a fifth
20 embodiment of the present invention in relation fto FIG.
24 to FIG. 29.
In the first to fourth embodiments explained above,
an explanation was given of a liquid crystal display
wherein the Cs line 7 was independently interconnected

25 and an auxiliary capacitor C was formed between this Cs

P



so-called Cs-on-gate structure forned, for exanple as ShP¥R1 g. 24,

w t hout i ndependently laying a Cs line, but inparting the ro P t he Cs
line to the gate line and superinposing an auxiliary capaC|tor on this
gate 10 line. Aliquid crystal display ving the Cs-on-gate structure, as
shown in FIG 24, is provided with pixe regions 4 formed into a matrix by

laying a plunghisty Gha 88ke bhReELScANE1acRkuERl Dby glitSkaBaprbkage 6 . 15
per pendi cul ar to each other. A TFT portion 91 wheré a TFT i8S forned at an

i nter sect nglweﬂtugk Eggggﬁz hi.fg 3aAad 3 135A9Al chide.d L cporyed for

every pi xel reglon ate I|ne 'S provide nsi on 6a

.ext endi ng theu gna n ) %1 t he opposite side fromthe 20
connecti on s %ﬁtﬁ tRe2TE? Séprg 8- Further, in the pixel region 4, a
connection electrode 92 connected to the TFT via the TET portion 91 is

laid so as to facé QﬁefQXFen§P8nf5§theFHQdQQFQtIFﬁe°9n§FgPﬁ8dpF@vF6us
stage. In the liquid crystal display having such a constitution, a 25

superinpo%edtﬁobﬁiéﬁpéﬂeﬂhélé%téﬁsﬁoﬁigaidfCFHétQétdiﬁphéY1BaN®n9ha2006 -
51 5 of the previous stage and the connection electrode 92 is used as an
“auxiliary capaectdiedegsonni-ganki chrubeuraufvkinady €apaexktmplesasor nmed
(hereinafter referred to as a "Cs region") 93. 5 Further, in FIG 24, each
gate line 5 ishotthl YANFDE.a24, without independently laying a Cs line,

| but imparting the role of the Cs line to the gate line

and superimposing an auxiliary capacitor on this gate
10 line.

A liquid crystal display having the Cs-on-gate
structure, as shown in FIG. 24, is provided with pixel
regions 4 formed into a matrix by laying a plurality of
gate lines 5 and a plurality of signal lines 6

.15 perpendicular to each other. A TFT portion %1 where a TFT
is formed at an intersecting point of a gate line 5 and a
signal line 6 is formed for every pixel region 4., Each
gate line 5 is provided with an extension 6a extending
along the signal line S to the opposite side from the

20 connection side with the TFT portion 91. Further, in the
pixel region 4, a connection electrode 92 connected to
the TFT via the TFT portion 91 is laid so as to face an
extension 5a of the gate line % of the previous stage. In

the liquid crystal display having such a constitution, a

25 superimposed portion of the extension 5a of the gate line:




gate driver 94, and each signal line 6 is driven by a so §Rﬁm§{ﬂﬁ%r 95.
~Further, FIG 25 is an equivalent circuit diagramof .a iqurd crystal

di splay enploying a driving nmethod 10 different fromthat of FIG 24. In
the circuit of FIG 24, a constant compn _potential Vcomwas supplied, but
the circuit of FIG 25 enploys a driving nethod applying a counter voltage

Vcom  obt ai n&d d3y thav erihigulsh@ thgkabinky the' Rvekktibn bickBl-84d5 9§Gase,

while a signal potential of 9V was necessary in the circuit of FlI 24, in
the circuit qfy G.Gg 3% 28 SL$9ak 0 ialk .of Ny tisfagt . Further,
FIG 26 is ansquivalenf c??buitaé?é%?&%ﬁ%Fogar?¥a8§d§grygggﬁ gﬁéplay

havi ng a panel__cir.cuit of | ow 20.tenperature pol.ycrystalline silicon. Note
that, “also | REPIAR s CoPRETES o LRot BETHs (APESATAEREd Eo SR &P 25
conponents to those of FIG 24 and FIG 25. The circuit of FIG 26,
different frém CReT&E R ?s%30f FIG 24 and FIG 25, enploys a
configuration wherein 25 the source driver is not nounted on the sane
panel . A 15 MarchFRgdber, 8npFIG.gR4l, sS¥chr gmte Adnei Bl ist datwensbur se
driver is transferred to the signal Iine 6 via a selector SEL having a
plurality of gatansifréarvegattds EhB. efbb signafledingatess(draireg bw ches) TGM
are controlled in the 5 conductive state by selection signals Si and XS1,
S2 and ' source driver 95,
Further, FIG. 25 is an equivalent circuit diagram of
.a liquid crystal display employing a driving method
10 different from that of FIG. 24.
In the circuit of FIG. 24, a constant common
potential Vcom was supplied, but the circuit of FIG. 25
employs a driving method applying a counter veltage Vcom
obtained by inverting the polarity for every 1H. In this
15 + case, while a signal potential of 9V was necessary in the
circuit of FIG. 24, in the circuit of FIG. 25, a signal
potential of 5V is satisfactory.
" Further, FIG._26 is an equivalent circuit diagram of
a liquid crystal display having a panel circuit of low
20 temperature polycrystalline silicon. Note that, also in
FIG. 26, the same notations are attached to similar
components to those of FIG. 24 and FIG. 25.
The circuit of FIG. 26, different from the circuits

of FIG. 24 and FIG. 25, employs a configuration wherein

25 the source driver is not mounted on the same panel. A




XS2, S3. and XS3, ... taking conplenentary levels fromth hde. FlIGS.
27A and 27B and FIGS. 28A and 28B are views of exanples %é&%&lﬁ%@%
reflection region Ais forned just 10 above the interconnects in a
so-cal l ed Cs-on-gate structure whereingthe CS line 7 and the gate line 5
are shared. FIG 27A is a plan view of x 2 pixel regions. In these
pi xel regionssigngl walftom af o5 6 11 nesrdtadhasurdde Rmral tis of signal
lines 6 are interconnected orthogonal to each other and forma matrix. A
TFT 9 is for ' r tds [ fet teqld d the signal
eh 2 f ik ed LTSRS 4h 0 indfe NS dlserddine G

line 6 for each pixel. Each gate 1ine 5 1s provi ine 7 al ong

20 the signaly J.i4 1 S 0 sitetot nnection side with
the TFT 9. Thheéx}d%?q ?an}g&%hn%f cjf| ﬂ%ceabrg%%'é%tq%/tﬁsai ) 'A%gieoﬁ'i@é"srcka?ﬁaci tor CS
is forned as illusirated bet. n the gate line 5 and the gate line of the
previ ous stad® %% JTOEQI%'%}‘FSr}eg? FHCIHF e dtt diveel ect rode 15
March 2006 - 53 62 is forned in the region just above either of the gate
li ne i nt ePcorfffRAUGEGDEL AR By Fivdiediirn i siterdenfdcand &filon 52 ladCS

formng region, and the TFT form ng region nade of netal filmor a region

obt ai ned by c&ii fih@re 553 ur-al i thrkfing hegwp lremindesy levels from the
outside.
FIGS. 27A and 27B and FIGS. 28A and 28B are views of
examples where the reflection region A is formed just
1¢ above the interconnects in a so-called Cs-on-gate
structure wherein the CS line 7 and the gate line 5 are
shared.
FIG. 27A is a plan view of 2 x 2 pixel regions. In
these pixel regions, a plurality of gate lines 5 and a
15 plurality of signal lines € are interconnected orthogonal
to each other and form a matrix. A TFT 9 is formed at an
intersecting point of the gate line 5 and the signal line
6 for each pixel.
Each gate line 5 is provided with a CS line 7 along
.zol the signal line 6 and at the side opposite to the
connection side with the TFT 9. The CS line 7 is not
independently laid. A storage capacitor CS is formed as
illustrated between the gate line 5 and the gate line of
the previocus stage. |

25 The reflection region A of the reflection electrode




FI.G 27B shows a case where the gate line interconnect rﬁgg% APt he TFT
formng region are used as the reflection region A, FIG 2 ghoms a case
where only the signal line interconnect region is used as the 10
reflection region A, FIG 28B shows a gase where only the TFT formng
region is. used as the reflection region A, and FIG 29 shows a case where

~only the gatezl iperbsmigedn 8Ret BEgish! §65L08bECY 8D Ker BYr ff&Civel Y
using the space in the pixel in thrs 15 way, a |large area of the

‘transm ssi onqtegi d, d r i e

i nproved. InlgﬁghggtEFgﬁﬁﬁgngggéﬁggfsﬁﬁgysg ﬂ%l??ﬁgkiéﬁggggﬁgg?pregion 4,
the reflection_regiop A i rovided just above,one % regi on wherein a
metal film sBERLGR’ atBO Rt APERHE: EERRRRE 0T BROCK! ot PTHHS fFEh The
backl i ght of the internal I%ght source is provided, specifically a region

wherei n the 3BBFeCHaletRt nELHD) €¥| 3j HegtoR rRERLREd ¥ r ePRPIMENG i Ynal | i ne
6 is laid, a region wherein the Cs region 93 is forned, the TFT portion 91

wher ei n & TFPlpBalityfef nedeserragienfon obtai ned by combining a plurality
15 March 2006 - 54 of these regions. For exanple, in a pixel region 4
havi ng a. confi guFaGi och7Rsskbwsnai oafé Grh@7A, thdegaed| theéon region A is
provi ded just above the Cs line interconnect region 5 and the gate |ine
i nt er connect iAegk8ons8OYWNrédibh Gnd7Bhe TFT forming region are used
as the reflection region A; FIG. 28A shows a case where
only the signal line interconnect region is used as the
10 reflection region A; FIG. 2BB shows a case where only the
TFT forming region is used as the reflection region A;
and FIG. 29 shows a case where only the gaté line is used
as the reflection region A.
By effectively using the space in the pixel in this
15 way, a large area of the transmission region B can be
secured, and the transmittance can be improved.
In such a liquid crystal display as well, in the
pixel region 4, the reflection region A is provided just
above cone of a region wherein a metal film such as a
20 metal interconnect for blocking light from the backlight
of the internal light source is provided, specificélly a
region wherein the above gate line 5 is laid or a region
whereiln tﬁe signal line 6 is laid, a region wherein the

Cs'region 93 is formed, the TFT portionlgl wherein a TFT

25 1is formed, or a region obtained by combining a plurality




inthis way, by effectively utilizing the region for bl ogki lght from
the internal light source to formthe reflection region g$k##ﬁ?%g%§el
region 4 can be divided to the reflection region A and the transm ssion
region B. As 10 a result, a structure_stfessing the transm ssion type can
"be fornmed by securing a large area of the transmi ssion region B. Further,
in the above qf Xtleseegieiiohs by formng the opening 40 at a portion
corresponding to the reflection 15 region of the color filter

(ilTustration is qid IBGMAIOViided GAMASRARAIRI 4t 4 tAlg Bi xel region 4 and
formng a snooth reflection electrode on the flattening layer, the

bove range, ERAL S TRE 50 PPFEL Mincd Car B0’ SHE TET16ChEPeRETSPPor o

above range, that i ectanceé can b€ set f
and the transm_ttance .be set in range .of 4 percent to 10 percent.
Next, an explardt EOT WA BESH FEVE o olGR oF LdrPURRG RESEPGuI d
crystal display of FIG 24 having the 25 above Cs-on-gate structure. In
the case of &Fchthecgade 1drpuidfersonrsct regiensshaufuia, FIRF-oRdBr to add
- the Cs capacitance function to the gate line of the previous stage, when
~ the gate |id@ ¢hig ventaby sffigetively it IOMisgatthe regisn fecessary to
‘bring the gate line of the previous stage to 5 the OFF state in order to
suppress capddick&ning light from the internal light source to form the
reflection region A, the pixel region 4 can be divided to
the reflection region A and the transmission region B. As
10 a result, a structure stressing the transmission type can
be formed by securing a large area of the transmission
region B.
Further, in the above pixel regicn 4, by forming the
opening ‘40 at a portion corresponding to the reflection
15 region of the color filter (illustration is omitted)
provided corresponding to this pixel region 4 and forming
a smooth reflection electrode on the flattening layer,
the reflectance and the transmittance in the display
panel can be set in the above range, that is, the
20 reflectance can be set to 10 percent or more, and the
transmittance can be set in a range of 4 percent to 10
percent.
Next, an explanaticn will be given of the method of

driving the ligquid crystal display of FIG. 24 having the

25 above Cs-on-gate structure. In the case of such a Cs-on-




fluctuation. In this liquid crystal display, a constant ¢oNpRY, RpkeNti al

Vcom of for exanple 5V is applied, and the gate waveform becones a

wavef orm as shown in the same diagram 10 In the liquid crystal display,.
the first gate line 5-11is first set_ then the gate potential is fixed
at the OFF potential. Next, the second gate line 5-2 is set ON At this

time, a firstg0a etd@del havicigidiheCadd ivhe fdenekiarikasdeeen set OFF,
and therefore the held 15 charge of the pixel is injected into the

auxiliary caRgdi¥n & t@x@sﬁ% i QQn%B)offﬁHyé?%%Pe@ito%sF getafgjfr,sglh at ‘?:hel i ne

5-1 through the source and t rain of portion and t he Tpi xel
potential is deci q{ad. Then, the_.secqnd gate .li 5-2 i et -OEF.and, at
the same ti r’reg,aq:fo & to%?rad c&ﬁ?c@llnl Yo 253 4% 1§‘e?§’@\l,o aﬁ%ai'iem' Fr 3o the
storage capacitor Csl explbai_ned above, the held charge is injected into
the storage CEFRSEIY ES2 &M &d FBFa He s &dotdegREEVEPHE ST298n Y he
pi xel potential is decided. Note that, in the above driving nethod, the
scan 25 dirddd FE stateadinowrdedi tecsupptessricgpatd target her, 15 March
2006 5 6 - the OFF potential in this driving method is -3V, but the OCFF
pot enti al - was lsettusttitomi.s Inolthage 1heuadus ery spatletiisall ayf, on conpltahel vy
cutting the current was a mnus potential in Nch used in the TFT portion
91, and wher exdiit@nC wotemit1%1C HeopOl@Ntficdl eamie FFTiRokbponed] kHdon the
" plus side, _ ‘

the gate waveform becomes a waveform as shown in the same

diagram,.
10 In the liquid crystal display, the first gate line

5-1 is first set ON, then the gate potential is fixed at

the OFF potential. Néxt, the second gate line 5-2 is set

ON. At this time, a first gate line 5-1 having the Cs

line function has been set OFF, and therefore the held
15 charge of the pixel is injected intec the auxiliary

capacitor Csl (Cs region 93) connected to the first gate

line 5-1 through the source and the drain of the TFT

‘portion 91, and the pixel potential is decided. Then, the

second gate line 5-2 is set QFF and, at the same time,
20 the third gate line 5-3 is set ON, and similar to the

storage capacitor Csl explained above, the held charge is

injected into the storage capacitor Cs2 connected to the

second gate line 5-2 and the pixel potential is decided.

Nete that, in the-above driving method, the scan

25 direction is an arrow A direction in FIG. 10. Further,




a G\D potential can be naturally brought to the OFF pot e \gkch 208 Present
i nvention was expl ai ned above based on the preferred enbodi nents, but the
present inventionis 10 not |limted to the enbodi nents expl ai ned above.
Various nodifications are possible within a range not out of the gist of
the present invention. The configurations of the liquid crystal di spl ays

expl ai ned i n dae cAFOwR taIRadiMaR ML BRI Ehethde 145 -@Rzesmtt Ltméent i on

is not limted to the above configurati ons and can be applieéed to ot her

confi gurati O'@J%‘F h atlhlwra% %%ct faCEJ 1{ 5 ovqut mb%ca%é%m&l g%t%f ttih‘i case

of formng snDot ection filmns I'nt erconn regrons
hin_the 20 ran of the present invention that a

\é\g;?t glr:/ﬁg f i rﬁ t?ém{pﬁg‘rti%a' RS %glrrrﬁn &y CBnEc LPES SR8 H M m t he

reflection region. As expl ained above, accordlng to the present invention,
by setting tH® t¥SndiFect ARfc &her THe RATEIOR 9105 apdnahese the CrgERater yst al
display at 4 percent to 10 15 March 2006 - 57 percent and setting the

refl ectange iquh Peteatdelf odmthe F&HL @aartieorn3@lpéscent thiet pRasomesepossi bl e
to deal with a high definition display while securing a display |ight
| umi nance equi VAlbepotieatibdt cah &edinshay ldevibeeughpebotiiengren! y
‘transm ssion type display and a
potentizal.
The present invention was explained above based on
the preferred embodiments, but the presen£ invention is
10 not limited to the embodiments explained above. Various
‘modifications are possible within a range not out of the
gist of the present invention.
The configurations of the liquid crystal displays
explained in the above embodiments are examples. The
15 present invention is not limited to the above
configurations and can be applied to other configurations.
In the third and fourth embodiments, examples of the
case of forming smooth reflection films just above the
interconnect regions were given, but it is within the
20 range of the present invention that a scattering f£film be
formed Just above the intefconnect region to form the
- reflection region.
As explained above, according to the present

invention, by setting the transmittance of the display

25  panel of the liquid crystal display at 4 percent td 10




reflection display Iight |um nance required for display yﬁhhg 2dgacr easi ng
t he power consunption of the liquid crystal display. Fur y providing
a color filter covering only 10 the transm ssion region, it becones
possible to further inprove the refleciance. Further, by providing an
opening in the color filter corresponding to the reflection region, a
reflection pegicentobnd Beghingf khel 2e¢ece2anba Rt ahaedanhhesapgalof 15
the reflection region for obtaining the viewability of at “|east the

‘required |eV?Er%@ﬂtb%prgguﬁ§gceﬁ%ﬁ a3 Eeﬁgﬁggtgo shhaui docpygtal; g spl ay

i
stressing a transm ssion type able to secure arge transm ssion reglon

can be realized. .Further ..since | ow.tenperature_pqlycrystalljne ;
siliconis ugggg géglggégggfdfﬁé ?ﬁiﬁ% ﬂanEFaﬁ%P§t8r8+§$5¥¥o lgbgry pi xel ]
can be reducgd and the entire area of the _reflection region and the 1
transni ssi on PEGPBRCENEABAYBSSRtEGP FBRE BY RofhPRY2VhESVéfeection film
made of a netal 25 having_a high reflectance or a snooth reflection film
15 March 2006eFfggmipgr PRéY| AERRSH} SPéPRi AyPehiésplay ahgve an i nt er connect
region, the area of the transm ssion region can be increased and both of
the refl ect ameflentiohedispdaynilighticdumanabeei apgoivedd BoAcdbsdiagl y,
according to the present invention, in

' ' without increasing the power consumption of the ligquid

crystal display.
‘Further, by providing a color filter covering only
1¢ the transmission region, it becomes possible to further
improve the reflectance.
Further, by providing an opening in the color filter

corresponding to the reflection region, a reflection

region of a high reflectance can be obtained, the area of

15 the reflection region for obtaining the viewzability of at
least the required level can be reduced, and as a result
a liquid crystal display stressing a transmission type
able to secure a large transmission regien can be
fealized.

20 Further, since low temperature polycrystalline
silicon is used, the size of the thin film transistor TFT
for every pixel can be reduced and the entire area of the
reflection region and the transmission region increases.
Further, by forming the reflection film made of a metal

25 having a high reflectance or a smooth reflection film,




a dual reflection and transm ssion type liquid crystal difﬁh@dﬂ he
viewabilities and the color reproducibilities of both of e ré% ection

di splay and the transm ssion type display can be inproved. 10 | NDUSTRI AL
APPLI CABI LI TY As descri bed above, the_ldguid crystal display according to
the present invention can inprove the viewability and the col or

repr oduci bi | ipaytdiculathyobyt Fermiely etliisonuditsphayeand tRecktaRsELESi ON
type display, so 15 can be applied to el ectroni c apparatuses such as | aptop

type personalreg@Ryt @hs, adesPb®y $heoh radlsmiawhgat Eggignps sopal digital
n

assistants (PDA), nobile phones, digital caneras, vi deo caneras. 15

March 2006 - i32relscA Ebgubgtﬁr%%t%hegE%E&%%tghogi%gg #%th a display panel
I [ i

including a plurality of pixel regions™ arrange frix on a
substrate; a glgr%Likgnof transistors forned for every pixel region and
arranged i n STAURREFIRPCE SROr &Fi £9P5PYGSre |ines for connecting gate

el ectrodes of the pIuraLitX of transistors; a plurality of data signa
lines for® connect PRGOFPLEFLYI e@FFodEd ngr tor kBepPyraPRtyiBVenEansi sibrs;
storage capacitors having one-electrodes connected to the second

el ectrodes of ddpd refieahipst and; tenosmgescapatiper lhignéd Epystahnecting
anot her-el ectrodes of said storage capacitors; and a liquid crystal |ayer
arranged bet deeplepe- thectviedebidfities and the color

repréducibilities of both of the reflection display and
the transmission type display can be improved.
10¢ INDUSTRIAL APPLICABILITY
As described above, the liquid crystal display
according to the present invention can improve the
viewability and the color reproducibility of both of the
reflection display and the transmission type display, S0
15 can be applied to electronic apparatuses such as laptop
type personal computers, displays for car navigation,
personal digital assistants (PDA), mobile phones, digital

cameras, and video cameras.




sai d pixel regions connected to the second el ectrodes of 1§§)'[a‘.ilc}f?(ﬁi35i stors
and+ anot her - el ectrodes facing those 15 el ectrodes, wherein a retrTection
region and a transm ssion region are arranged in parallel in each pixel
region, a reflectance of the light in said display panel by said
reflection region is 1 percent to 30 20 percent, and a transmttance of the
light in said display A darplidcryaitchll rdaspliays ipaovielpdmiith 4 percent to 10
percent. 2. Aliquid crystal display as set forth in claim 1, wherein said
di spl ay panelisgiay @amad Mdlndano @ pluda it idh Jdidell @@dgiong the |ight

i nci dent upon said 15 March 2006 - 60 transm ssion region. 3. Aliquid
crystal di spl3amfedtin fDudtdik JrlidsubstiRAL & ?ﬁ'uq:atl!’:i.%s'o%t or is athin
filmtransistor "using | ow tenperature polycrystalline silicon as a 5 _

sem conduct Q. J, Ay i Qi r i.sil S faQr in,.claim 1,
wher ei n sai ?rr e g:ttcirggn fr%éJé"!e% arg e%(%%@f S’%&%ﬁoﬁ%ﬁ%"s%&ﬁ %F%ngélgt@ﬁelflnci dent
forth gn claim 10 1, wherein

lsiaiggt 'reE Feéta: i Lgrrg'dic'(r)r%sf?glg’%% l 3%’5‘? isg(?%%gf]'lrﬂe@g P GPPPEC LS /3 Che
| nci d-ent a %qte'ct?:'odAesl io Uitcli'leC rp%i[r%llicgys Fgfa)érg%ss:i.esttofr?sr;t 21 iIJrJ].u(;:Lt?.iiTy
of data signal lines for connecting first electrodes of
the plurality of transistors; storage capacitors having
one-electrodes connected to the second electrodes of said
10 . transistors; storage capacitor lines for connecting
another-electrodes of said storage capacitors; and a
liquid crystal layer arranged between one-electrodes of

said pixel regions connected to the second electrodes of

said transistors and another-electrodes facing those

15 electrodes, wherein

a reflection region_ and a transmission regicn
are arranged in parallel in each pixel region,
a reflectance of the light in said display
panel by said reflection region is 1 percent to 30
20 percent, and a transmittance of the light in said display
panel by said transmission region is 4 percent to 10
percent.
2. A liquid crystal display as set forth in claim
1, wherein said display panel is provided with a focus

26 portion for focusing the light incident upon said



1, wherein said reflection region is forned by a netal fi [ a high
reftectance. 15 7. A liquid crystal display as set forth ﬂ%%@?@?%@ﬁ&,
wherein a color filter is provided in only said transm ssion region. 8. A
liquid crystal display as set forth Lngglaim 1, wherein the color filter
s formed at a | ocation 20 corresponding to said pixel region, and an
opening i s fxamet ssisairkgiadd ection region of said color filter. 9. A
liquid crystal display as set forth in claim8, wherein said opening is
formed at the apps oxi natEiqeahtarydfasalibgrly afd it rRehaD 121 in A _
liquid crystal display as set forth in claim1l5 March 2006 - 61 1, wherein
said ref| ecti ONKEAAN dsid AL dbck AL thdd 1 3P VR one of an
of a data

I nt er connect regl on of a gate I ne, an I nterconnect reglon

signal |ine, i r t..region of a starage capacitor line, and a 5
formation re‘b%%‘r? o#gvgaf%%gan%rs rqrsh%?r%sﬁae%lg% osd’t%ﬁ'lcr?éld asbf‘ conmbi ning a
pIuraIit% of the regions. 11. A liquid crystal display as set forth in
claim 1° wiFPeHiFYark®IS%es and said storage capacitor |ines are
separately formed, .10 12. A liquid crystal display as set forth.-in claim
wherein the displby hds HIuideryatalidisiae athaat Faxbbstis sj@impacit or
I's connected to the gate line of a

1, wherein said reflection region has the function of

scattering the incident light.
5. A liquid crystal display as set forth in claim
10 1, wherein said reflection region has the function of
regularly reflecting the incident light.
6. A liquid crystal display as set forth in claim
1, wherein said reflection region is formed by a metal

film having a high reflectance.

15 7. A liquid crystal display as set forth in claim

1, wherein a color filter is provided in only said

transmission region.
8. A liguid crystal display as set forth in claim
1, wherein the color filter is formed at a location
20 corresponding to said pixel region, and an opening is
formed in said reflection region of said color filter.
9. A liquid crystal display as set forth in claim
8, wherein said opening is formed at the approximate
center of said reflection region.

25 10. A liquid crystal display as set forth in claim



previous stage and the storage capacitor is superinposed 19RstBeogRte |ine.
15 March 2006 - 62 ABSTRACT A liquid crystal display able to deal with
high definition display and able to secure both of a transm ssion type

di splay |um nance and a reflection typg 5, display |um nance, wherein
light from backlights 71a and 71b are focused by a | ens sheet 74,

| um nance ofi,t héheryaclnl isgliids def lieryiriene hegd onr d13S ificrinedlc dnC an regisat at 4
percent to 10 percent, a reflectance can be set in a range from1 percent
to 25 per cerfustabdvie]kiddleridneons Ea dintRirdnnedta Gnviel @ gaewring a

display Iight [um nance equivalent to that of a liquid crystal display
. perform ng 1gMeY, ta@&%@e&%o%%é&bo%e@:.%?ﬂ ¥ aNdata GGG 19Redi gl ay |ight
| uni nance required for the ..display W thout increasing a powér consunption

of the 15 Q%ggféyﬂﬁ%ct region of a storage capacitor line, and a
5 formation region of said transistors or a region obtained
-by combining a plurality of the regions.
11. A liquid crystal display as set forth in claim
1, wherein said gate lines and said storage capacitor
lines are separately formed.
U 12, A liquid crystal display as set forth in claim
1, wherein the display has a Cs-on-gate structure where
.-said storage capacitor is connected to the gate line of a
previous stage and the storage capacitor is superimposed

on the gate line.
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15 March 2006
- §2 -
ABSTRACT
A liquid crystal display able to deal with high
definition display and able to secure both of a

transmission type display luminance and a reflection type

‘display luminance, wherein light from backlights 7la and

71lb are focused by a lens sheet 74, luminance of the
backlights is improved, a transmittance can be set at 4
percent to 10 percent, a reflectance can be set in a

range from 1 percent to 25 percent, and high definition

-display is handled while securing a display light

luminance equivalent to that of a liquid crystal display

performing only transmission type display and a

‘reflection display light luminance required for the

display without increasing a power consumption of the

backlights.




