I " #$%e3e: ?77223708@627?T?2 LI QUI D CRYSTAL DI SPLAY 5 TECHNI CAL FI ELD The
present invention relates to a liquid crystal display, nore particularly

{Tansm ssion type di oplay toget her. 10 Backarond AR 11 qut o YA

di spl ays are being used as displays of a broad spectrum of el ectrgps-
appar at uses nmaki ng use of their characteristics of being thin in shape and
| ow i n power consunption. For exanple, there are |laptop type i5 personal

conputers, displays for car navigation, personal digital assi ),
nobi | e phones, digital caneras, video caneras, and other el ecm\ﬁﬂ@@u“‘lmmm
appar atuses using liquid crystiud screysar. dedplagui d cryst al yS

i nclude, roughly classified, transmission type liquid 20 crystal 48Pl 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 ty i Pk?y reflecting sunlight or other external
| i ght bng reerc??gﬁhg a e§g%?§% the like to control the passage and

bl ocki ng of this - 2 reflected li.ght by the liquid crystal pane] and
perform the displ 29 PﬁeéePFaﬁ§NF§§P%ﬁ 265y & TR the
backl i ght accounts for 50 percent or nore of the total s power consunption,
so it is dif¢F§HﬂﬁybomP€6u§érFH€u66Wéﬂ'éﬂ%ﬁﬁﬂﬁi§9laIiHQQRQ,C¥N¥t%hsnission
type liquid crystal display also has the problemthat the display |ooks
dark where tdésphbiensihgghrefiledtiioghttypso dilspleyeeatsl |titansmidsiwned. On
the other hand, in a reflection type liquid
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 type
15 personal computers, displays for car navigation, personal
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 blocking of this



lo crystal display, a backlight is not provided, so there is no problem of
an increase of the power consunption, but there is also a problemthat the
viewability is sharply | owered when the anbient light is low In order to
sol ve such problens of both of the i5 transm ssion type and reflection type
di spl ay devices, a dual reflection and transm ssion type liquid crystal

di splay realizing both transm ssion type display and reflection type

di spl ay by ormefllegtied dighitabypdihel lhnamiilseerrymtepogsthelasd doatforh| ecti on
and transm ssion type 20 liquid crystal display perforns the display by the
reflecti on othkhaiaphagnt |ight when the surroundings are bright, while
perfornms the display by the |ight of the backlight when the surroundi ngs

are dark. In a cogyest Iteeelsndlselmrnefdﬁfé Ilqra;@rw dpsdl S P A9, type |iquid
crystal display, however, though both - transm ssi on type dlsplay and

reflection trsaek@agp'taxsc%%nw Ovigdedo 5%% AHES: W D1l ale Lhel the

| um nance was i1 nsufficient an t he vie ty Iomer t han t usua

reflectiop txggﬁ@n@ok@wm' Ay aﬁ%ntéfvl%l B aySial Shagk .

Particularly 6 conventional’ ion and Transm ssi on- fqu|d
crystal displa yed | ui d crystal anel configuratio stress ng
ol et i on_ AFORPIR SRS Bt ar R TR oo MRS HYAR FEYTERE g

t he ambi ent Ilght and secured refl ectance 1o by sacrificing the
transm ssi ondi§RLANNE4 SOF§R seepPEoblarnided BheridiePlay ekrolmdakht i on
No. 2955277 (Patent Docunment 1) discloses a dual reflection and
transm ssi onwhppe ltheuatbdepdt d/ighitsglsayrifhts, |daquite crijewatbibdisplay is
predicated on a reflection liquid 15 crystal display utilizing the
reflected |i gbweekdt henandieenttheirghanahd imard| esf Ydver isdrar sk opidpiid he
viewability when the anbient light is | ow
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 liquid crystal
display realizing both transmission type display and
reflection type display by one liquid crystal panel has
been proposed. This dual reflection and transmission type
20 liquid crystal display performs the display by the
reflection of the ambient light when the surroundings are
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



However, a reflection and transm ssion type display device stressing the
reflection type is small in appeal 20 to people's tastes, so in the actual
market, liquid crystal displays enploying transm ssion type display as a
mai n di spl ay system are used nore often for PDAs, nobile phones, |aptop
type personal computers, displays for_cgr_navigation, digital caneras,

vi deo caneras, etc. 25 Further, Patent Docunent 1 nentions only color - 4
repr oduci bi | ttynamiasibhetyperdisplayeandt rafid edasnnatypee stirsgiavaragei ng
about the lum nance required for a liquid crystal display. Further,

Japanese Uneyasii@édPatratePulkibCahkoprobi KakaithaMo the0QRmlikbHue (W2ad ent
Docunment 2) simlarly discloses a liquid crystal display using reflection

type displ ay; godekf @DSALS3hAN+h¥Pe: dlaBh 2Y £{,0984Re" thhh tHes Jdutlai d crystal
di splay, a wndow of a color filter for inpfoving the |Ium nance of the

I
reflection p i is 1 r e Ver e [ reflectjaonr.egj.on. In the
liquid cryst§%£%§gﬁ+a9 g %r%ﬁﬁggpg ﬁgyégtt Q%ShgﬁFqEF ﬁﬁéméﬁéb ]6¥ t he

wi ndow i s not_expl ai ged, , but en . the.refl ection region.is for in a

i ved p acrvatrLcAFoprgVe: "PRECHER1RELYG  thEnoRtAr SR GUAs ( he
incident light _easily i5 qQccurs. Further, the_m ninmum size of the w ndowis
not defined, FehbPeELPR ARENEFRBARAFELPEN tWPFe LA La P S G S 1SR 3¥i n

di splay system the reflection region cannot be reduced to the | owest

limt. Note employedaal tahigdceyysipldrapedy configuradigesistasessing i nprove
the viewability of the display both when used indoors and when used

out doors. Forefhestiensdisplaya doakersitlkdchi ondandrieaafem 3dieonrdgipm
liquid crystal display, an inprovement of the viewability is desirable for
both of the fesersbesctingstHeedmbBiehielighlteahdosedmriedaaiddtithdase

when it is used as the transm ssion
10 by sacrificing the transmission luminance.
For example, Japanese Examined Patent Publication No.
29552777 (Patent Document 1) discloses a dual reflection
and transmission type liquid crystal display. This liquid
crystal display is predicated on a reflection liquid
15 crystal 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
phones, laptop type personal computers, displays for car

navigation, digital cameras, video cameras, etc.

25 Further, Patent Document 1 mentions only color



- 5 type. Particularly, as described above, in practice, nost electronic
appar at uses enpl oy transm ssion type display as the nmain display system

rat her than reflection type display. Therefore it is desirable to inprove
the 5 | um nance of the trahsm ssion type display in a dual reflection and
transm ssion type liquid crystal displLay. -On the other hand, along with the
demands for inproving the |um nance of a transm ssion type display, it has
been denandedepoofiucibélitychsase tiltemddomiitrpoviihesft ldrglidbes yisd al

di spl ays. For exanple, the liquid crystal displays used in PDAs, nobile

phones, | apt @agsty¥PBeP8h§eRAhgCamRUtethe dusiinted HefitiirdtB i Sata ON,
digital caneras, video caneras, etc. have been conventionally made in the

range z5 frogd94PBkyERbXeHiRBAaICN) tO 140 ppi. However, in order to
prevent jagged edges of characterS displayed and display i mages of the sane

quality as phot oggaphg . ”%Qgﬁnftsgeb%eix%n&n@&‘@a%%ﬂ]?%ﬂlgciﬁf&??si ng the
nor e. e

definition to 200 ppi or 0 Concerning Increasing the definition to

200 ppi, due, o, th im iWn iGN | i quid crystal,.pixels,_ for exanple
t he niniﬁhn1&#8¥ﬁlgr it §°?flgﬁ38§|‘%%ﬁ€?'a gﬁﬁﬁégﬁi%hﬁFﬁﬁiiﬁﬁf%ess t han
5 um there are the di sagdvantages that the region which can be utilized for
25 transnissﬁbﬁCFQﬁSSd?sgFSVlPOFrgééﬁlpﬁﬁﬁp% Msdice Fefection typp
transm ssion type display |lum nance is reduced. For exanple, by increasing
t he | uni nancdisplaieapdckrpgsmigsden rvipee disiiay digatheme In Hehibdove

hi gh definition can be realized while securing a high 5 transm ssion type
di splay | um haguéd asyetpladiaeglagove, window of a color filter for

improving the luminance of the reflection'portion is

10 arranged over the entire reflection region. In the liquid
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 occurs. 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 of the case when it is used as the reflection

25 type and the case when it is used as the transmission



however, this neans the increase of the |um nance of the backlight, so the
power consunption of the liquid crystal display increases. Therefore, this
beconmes a defect for a liquid crystal display boasting | ow power
consunption. to DI SCLOSURE OF THE I NVENTION A first object of the present
invention is to provide a liquid crystab display conpatible with high
definition display, able to secure a lum nance in transm ssion type display
at an equi vatepe.| Baekigylahkdly, 18soflescaiibeidaypboaef,orim myasrtice r ansst ssi on
type display, and able to secure a required lum nance in reflection type

di spl ay. A setesatirohjechpphrhltaspseeapl oyn\taainsaii ds5drD iy idiespl dy qui d
crystal display conpatible with high 20 definition display, able to secure

a lum nance 48 thansgifsHeBpl¥Re sPstRind¥athed to@iH YA cd @l t@sSe t hat of
a display performng only transm ssion type display, and able to inprove

al so the | unignegy of ohetbe6ilbod l yae dlisthliie 45 AddAidl glystal di spl ay

of a first asp present invention is a lrquid crystal display

provi ded 5Wi t{lu%f_g%gggaxfpgplgl t?%‘iﬁ&gfgﬁg’w%&g&eg%&]{ﬁ%w cah a{lef | ection

region for disple y ambi-ent trodu rom out’side ‘and a
ar o arr anged=PRLpEFAPRerncl RuRbemt2ian dypmddotrd musTiah SAPRYRYG opl ay
panel by the reflection region is 1 percent to 30 percent and a _
transnittance of PRethpghthey hpeddi 3grag witd the demandmfiRssi on region
is 4 percent to 10 10 percent. Preferably, the display panel is provided
with a focusipprovongf thef dvmdnagcei gt ai feiademi agion tthepd rdinspl a8j on
Fe9rom 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



Preferably, the reflection region has a function of 15 scattering the
incident light or the reflection region has a function of regularly
reflecting the incident light. Preferably, the reflection region is forned
by a netal filmhaving a high reflectance. Further, preferably, a color
filter is provided in 20 only the transgi ssion region. In the display
panel, under conditions of irradiation of the |ight of the |light source of
500 cd/ n2 t otBR&06Pandmit sibhe tgpeunii spfl alyhd uthiisyraye lightedwcaéd. cd/ n2 to
200 cd/n2. 25 In the display panel, under conditions of _ g _irradiation

of the light of theraskhfplel i BYt idlrddQAngx the 3UMithdnce tde aw@unt of the
display light is 200 cd/n2 to 1000 cd/nz . In the pixel region, an area of

the transm sgheR1Pghedu8Bdi $ndkhkeaFhndhiR¥icNttyRfe | RV OVRIA P 6!
region, and the area of the reflection region is percent to 60 percent of

the overall gL¥el;E¢8h0RanPhLEf %ﬁﬁ'ﬂéﬁsﬂ A @é&%ﬁ@gimi aperture

ratio of the transmssion region IS percent to perc 10 of the
overal | p'xeh region. .A liquid crystal .displLay of .a secand aspegt of the
present ithve F?B%mf‘gséopi 5&?8 8?‘3%’?39( SRR cﬁr'oﬁsdeedq%aﬁ{‘% Cl%?)‘f'%y panel
including a glurality of pixel regions arranged in a matrix on a_substrate;
a plurality 28vgVerrakbis: Bransothed IfGreads vhithe Tuminanesddehrhifged in
a matrix; a plurality of gate lines for connecting gate el ectrodes of the
plurality of bRekhigbter so 4hgl pexert gopsugmtion gfalthe ddstyist exvsieating
first electrodes of the plurality of transistors; storage 20 capacitors
havi ng one- efiésplades ncorneesed Therelfereqc dind selbegianme 2 alefidmet for a
transi stors; storage capacitor |ines '
liquid crystal display boasting low power consumption.
10 DISCLOSURE OF THE INVENTION
A first object of the present invention is to
provide a liquid crystal display compatible with high
definition display, able to secure a luminance in
transmission type display at an equivalent level as that
15 of a display performing only transmission type display,
and able to secure a required luminance in reflection
type display.
A second object of the present invention is to
provide a liquid ecrystal display compatible with high
20 definition 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.

25 A liquid crystal display of a first aspect of the



for connecting another-el ectrodes of the storage capacitors; and a liquid
crystal |ayer arranged between one-el ectrodes of the pixel regions
connected to the 25 second el ectrodes of the transistors and anot her g
_ electrodes facing those el ectrodes, wherein a reflection region and a
transm ssion region are arranged in paralLel in each pixel region, a

refl ectance of the light in the display panel by the reflection regionis 1
percent to 3Fres@etciententidnaikr aniigutidneeyeftaihelilspghily iprdvieia spl ay
panel by the transmission region is 4 percent to 10 percent. Preferably,

the display papelai&i Spod{dpaniit HaoiheCus pielli adioh fieCuding the |ight
i nci dent upon the so transm ssion region. Preferably, the transistor is a

thin filmtr y Sj - Law I A 115 i 4 a
o conduct orot LaePLoti>khga b ebe TATLEN ULC RORKEIGH ludife BddLObdm® |

of scatteri ”Er&?f’téfé%f%g’ég%%lei ghk a%rhﬁéﬁﬁ%fs:;%%t ir%&iro%gif%q: *&E}]Ssﬁﬂﬁ]‘;b ction

of regularly re i ncrdent ght. Furth prefera

reflection regiop s forned a al .fil mhaving a _high refl.ectance. 20
Fur thor | Sor of 89851 §2on R8T SpBEFRaly LEghs, SOHIEE AhenA Adhsni ssi on
region. Further,_ preferably, the color filter is fornmed at a |l ocation

cor r espondi NP¥3L 1L, pYRereiBgRrorefiRGtanRGpOfi the 4 ighthdd ithe he

reflection region of the color 25 filter. - 10 Preferably, the opening
is formed atdisielayppanehaby the reflection region is 1 percent to 30

percent and a transmittance of the light in the display
panel by the transmission region is 4 percént to 10
10 percent.

Preferably, the display panel is provided with a
focus portion for focusing light incident upon the
transmigssion region.

Preferably, the reflection region has a function of

15 scattering the incident light or the reflection region
has a function of regularly reflecting the incident light.

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

Further, preferably, a color filter is provided in

20 only the transmission region.

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 is 20
cd/m? to 200 cd/m.

25 In the display panel, under conditions of



center of the reflection region. Preferably, the reflection region is
formed in a region just above either one of an interconnect region of 5 a
gate line, an interconnect region of a data signal |ine, an interconnect
region of a storage capacitor line, and a formation region of the
transistors or a region obtained by congining a plurality of the regions.
Further, preferably, the gate |lines and the storage to capacitor lines are

separately forandiatuehheE, theelieghkl wf pheviambients 1T f 2000 ark gat e
structure where the storage capacitor is connected to the gate line of a

previous stags @pdobhexSt @had8meaRRC biEOhleS d3epARAAE A R Gaimmd | ne.
15 According to the above invention, a focus portion is provided in the

liquid cryst fh66! ay/panel , the display light used for the transm ssion
type displayé+s ?ocuseé, and the lum nance of the display light is
i ncreased. Due tOIBhLﬁe even,if the area of theft&%%fa-SSion region is 20

reduced, the |um nance oPlfﬁ% FgﬁgﬁVs?Poﬁrf?pg d G S ficiently
secured, so higher definition cgﬁ]be handl ed. and the transm ttance can be
set |ow °SpetPItell+§, 2EneeRrinéfi PRIFERY StsdheaoVerRlds ARy Bdions
Further, by an absorption effect of the conponent - 11 |ayers of the
di spl ay pane?ndi Beet puA3nPEft fhee reédemtd ono rpgicentisorl Rexcertyrthed0 a | ow
tenperature polycrystalline silicon is used, the size of a thin film
transi stor TPar¢enteofr $he piverhlilspixedcadgiamd the refl ecti on regi on and
the reflectance are inproved. Further, a reflection filmnade of a netal
havi ng a hi gh refPeefanablys fiar the, pixed skxgyabn,r anl epdrdudd Iratiiso f or med
and the reflection lum nance is further inproved.
of the transmission region is 40 percent to 100 percent
10 of the overall pixel region.
A liquid crystal display of a second aspect of the
present invention is a liquid crystal display provided
with a display panel including a plurality of pixel
regions arranged in a matrix on a substrate; a plurality
15 of transistors formed for every pixel region and arranged
in 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
20 capacitors having one-electrodes connected to the second
electrodes of the 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

25 second electrodes of the transistors and another-



to Further, the color filter is provided in only the transm ssion region,
col or display having a high viewability is carried out for only the

transm ssion type display, and the reflection type display is a black and
white two col or display sufficient for displaying 15 characters. Due to
this, there is no longer any reduction @f the light due to the absorption
at the color filter in the reflection region. Further, in the case of bl ack

and white di apbayroBexelfadivly dhoRlea Wl titiRe ColHdrei{ RréFlafdidnare
all used for the black and white display, so 20 the reflection |um nance is

further inproygdonSRaE & ¢2bnbmildds dnefd -W%&%%%A chépaﬁéﬁnge
from1l percent "'to 30 percent. BRI EF DES PTI ON OF THE W N FIG 1lis a

partial plan;yi f tr re of i f. i qui rystal
di spl ay accor di %\élc opg)él- li‘%ﬂo i %g?r%(?g%%eﬂn o?qﬁt Ry glrle e%tﬂ?ng%%ti on.
FIG 2 is a sectional view.of the structure of the disp]ay pane] of e

1 qui 4 cr yot SESBIEY, RPPEIo BRI B8 THE IR, FagiSth hork BRSOt pfsafs
invention. 5 FIG 3 is an equivalent circuit diagramof a pixel region.
FIG 4 is®a PEECPBfal 2iked Sransmitiance &f tthe stirght ke e disphayi i m
transistor in the liquid crystal display according to the first enbodi nent
of the presepaned byvd&he dranBrdssdons regilam id dvrsdreantextepl@ of a

| ayout of pixels in the liquid crystal display according to the first
enbodi ment opetrkengpr.esent invention. FIG 6 is a plan view of another
exanpl e of the 15 layout of pixels in the liquid crystal display according
to the first enbodireFatra®lyi,hany eHeplaynRiidlons hrovidsdonstieasur ement

data of reflectance and ‘
focus portion for focusing the light incident upon the
10 transmission region.
Preferably, the transistor is a thin film transistor
using low temperature polycrystalline silicon as a
semiconductor layer.
Preferably, the reflection region has the function
15 of scattering the incident light, or the reflection
region has the function of regularly reflecting the
incident light. Further, preferably, the reflection
region is formed by a metal film having a high
reflectance.
20 Further,lpreferably, a color filter is provided in
only the transmission region.
Further, preferably, the color filter is formed at a
location corresponding to the pixel region, and an

opening is formed in the reflection region of the color

25 filter.



transmttance of |liquid crystal displays using TFTs fornmed by Poly-Si and
TFTs forned by a-Si. 20 FIG 8 is a view of a backlight and a focus opti cal
systemthereof in the liquid crystal display according to the first

enbodi nent of the present invention. FIG 9 is a perspective view of the
backl i ght and the focus optical systemtdereof showmn in FIG 8. 25 FIG 10
is a view of results of investigation of the - 13 lowest display

| um nance requiregrbferabeydi thleappeaielg i tfernddjutd ey Sdpbrobk xph By
according to the first enbodi ment of the present invention. FIG 11 is a

graph of thecegkati gfskhe @krletadaniddg@rze and backlight |um nance when a
constant lum nance is nmaintained on the surface of the display panel in the

i quid crystal di spbeurapsqdichd @ rabe oot ARAMIIEHolthed hen by esent

invention. FIG 12 is a viéw of neasurenent results of the 10 refl ectance

where the enkiapﬁ%ﬁ“éfxg%e fov% Eﬁft‘h%%t' e e o q}et%]cér{}?e& SP%@; RGE! 1S

a reflection V|em/o a range o e trans nce and
the refl ectance_abl be set n the liquid.cryst displ a I n

the 11 rsts enBodPRantiBR ¢ RE APEEERPARS R oot e L E 1 or e
views explaining a nethod for neasuring the reflectance. FIG 15 is _a
sectional vi@W aptexceRBecE RO P Fe sfidirduRPRACEQ i hine ipnd a
transistor in the liquid 20 crystal display according to the first

enbodi nent oformwatpoosesrgiony oft ithhe tREa@sikdars B actiegiadn dhevabiedhe

structure of the display panel of a liquid crystal display according to a
second enbodbyerbmbintihg pr edearalinyewrifi ddhe regions.

Further, preferably, the gate lines and the storage

10 capacitor lines are separately formed.

Further, preferably, provision is 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 on the gate line.

15 According to the above invention, a 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

20 reduced, the luminance of the 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
percent.

25 Further, by an absorption effect of the component



25 FIG 17 is a view of an increase of the maximum - 14 reflectance in
the liquid crystal display according to the second enbodi nent of the
present invention. FIG 18 is a view of a range of transmttance and
reflectance able to be set in the liquid crystal display s according to the
second enbodi nent of the present inventipn FIG 19 is a sectional view of
the structure of the display panel of a liquid crystal display according to
a third enbotlayents of the gdiepdny pawvnedtl,i dhe G-afsGi t2phchdvascands r 50
exanpl e of the layout of the pixel region in the liquid crystal display
accordi ng topéheehhi bd eabedi ment of the present invention;, and FIG 20B to
FI G 20D axe views showi ng arrangenent |ocations of the reflection region

in the pixel regipgrtharf! & 13%AtbApEre@tustD 18 Abyale 10fi i I HNOEEENt
| ocations of the reflection region in each pixel region in the liquid

crystal di spigy,aegor dhadshogt Be Lhichdreiad mitndile ddie AFPSANL JOWApti on

continued to G 22 1s a sectional view of the structure of the

20 di spl panel.of a_lLi,quid cryst di_spl,ay ,accordi to a,fqurth
embodi ment o Egﬁ% ﬁ?eggﬁﬁg$%Veﬁ%?b%LeFﬁég¥é?€i?QaRﬁi%%Qﬁa%ﬁnq%%nple of the

formati on of an_ opening formed in a color filter. FI 24 is a view for
expl ai ni ng ar?EﬁﬁF&aEF sB&F 2@959¥Epay5%£55%ﬁ4u?tQ?éiq9§%9Peﬁﬂﬁmﬁmﬁﬁﬁ of

t he present - 15 invention and an equivalent circuit diagramof a liquid
crystal di spPAyahaetad havingnaghighsgefdegtanag ds Ionmedn e val ent
circuit diagramof a liquid crystal display enploying a driving nmethod
different frempoth reflection film is formed, and the reflection

luminance 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 the transmission type
disgsplay, 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 used for the black and white display, so

20 the reflection luminance is further improved.

Specifically, the reflectance can be set within a
range from 1 percent to 30 percent.
BRIEF 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



5 FIG 24. FIG 26 is an equivalent circuit diagramof a liquid crystal

di splay having a panel circuit of |ow tenperature polycrystalline silicon.
FIG 27A shows a second exanple of the layout of the to pixel region in the
liquid crystal display according to the fifth enbodi mrent of the present
invention; and FIG 27B is a view of +he2arrangenent |ocation of the
reflection region in the pixel region. FIG 28A and FIG 28B are views
showi ng t he f£5rgftr smesdmentoedt ithes R¥fesend rigfyaentiiam. regi on in each pixe
region of the liquid crystal display according to the fifth enbodi nent of
the present inven¥iIcn Ronsi ausedtiomnall @id/Bf AlHe Arucstureiefv thet he
arrangenent | ocation of the 20 reflection region in each pixel region of
the |iquid cdyspahydpaplkeady offc abrediligniiel tdieyStidll disspiody redtoedi hfetdr esent
invention continuing fromFI G 27B. BEST MODE FOR WORKI NG THE | NVENTI ON

Bel ow, enbodifBnEs ret bhoditiend &yl ey iHvacidie. present
invention will be explained with reference to - 16 the attached

drawi ngs.s Fi rst Ephedi ARl EhGeqhih®iant! @1 Lt i LR &£ a SppLih of a
di splay panel 1 in the liquid crystal display of the present ‘enbodi nent;
and FIG 2 SQ%MQ fhe sectional structure of the display panel 1 along a Z-Z
line in FIG “T9°88 shown in FIG 2, the display panel 1 is constituted by a
transparent insul ating substrate 8 and a.lo thin filmtransistor (TFT) 9

formed on that, afpPxef A8gPofefFtional view ffs il GHamnke ok i Hesubstrate

28 arranged facing them and an overcoat |ayer 29 formed on
structure of a thin film transistor in the liquid crystal

display according to the first embodiment of the present

10 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 1layout 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-Si.

20 FIG. 8 is a view of a backlight and a focus optical
system thereof in the liquid crystal display according to
the first embodiment of the present invention.

FIG. 9 is a perspective 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



that, a color filter 29a, and an counter electrode 30 and a liquid crystal
| ayer 3 sandwi ched between the pixel 15 region 4 and the counter el ectrode
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 6 for supplying a display.sjgnal to the TFT 9 are provided 20
around each pixel region 4 perpendicular to each other, whereby a pi xel
portion is cbeséstuiedplayr Lhainandet heduiaespfFanttHasdil gpiang saksirate 8
and the TFT 9 side, a storage capacitor use interconnect (hereinafter

referred to g8 @he C§1l;h5!§" kr sﬁE&dedesp@.a d®RlAqifd Pl [eirde the gate
line 5 is provided. The - CS line fornms a storage capacitor CS with

a connectloneﬁh§é§&§q§ o @ﬁglg&ggg t@&%&e&ﬂﬂxﬁ? connected to the counter

el ectrode 30 shows an qU|va ent CIFCUIt of the pixel s region 4

including the Ii el 8 cg;risﬁzgl BHr{’lﬁ’er e q:%te 1%51‘1{1% %al line 6, CS line

7, and storage capaC|t as  Shown 1 ghe plxel regi on
4 is provide

reflecti i,on A for. reflectionty ay and a
Cransi o5t onCFEBFBACEERGR At BACELLGRY JHRHIFRIS NG SrEons tpar ent
insulating substrate a is forned by a transparent materi al such as gl ass.
The transpar tHRiPABGRaLENBadnAEPECe o8 ithe GURERGR 1of thhe THSBRLay
scattering layer 10 formed on the TFT 9 via an insulating 15 film a
flatteni ng | pgeellinf sheedianidhicsystatlt chispgd avaygcomiing ttankpar ent
el ectrode 13, and a reflection electrode 12 constituting the pixel region 9
havi ng the rEikstt emboténeat Afanthet perelseants mirssrdnaregi on B expl ai ned
above. 20 The TFT 9 is a switching elenment for selecting a
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 liquid
20 crystal display according to the first embodiment of the
present invention.
FIG. 16 is a sectional view of the structure of the
display panel of a liquid crystal display according to a

second embodiment of the present invention.

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



!

pi xel 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 exanple a so-called
bottom gate structure. A gate electrode 15 covered by a gate insulating
film14 2s is forned on the transparent insulating substrate 8. The - 18
gate electrode 15 is connected to theegpge-line 5 +the scan signal is input
fromthis gate line 5, and the TFT 9 turns OV OFF in accordance with this
scan si gnal . réhdeg&bocel dot thee 1ifuiisdl faaysdthlb\difsplangpacdrdingftes

nol ybdenum (Md), tantalum (Ta), or another metal or alloy by a nmethod such
as sputteringhel BetbadTEMbBdimepadi bfoftht pdidddisi Ahvereien 16 and 17 and a
sem conductor film 18 are forned on the gate insulating film14. One n+

di ffusion |ayer~l 6163 168 §anBELRE OF & SQUHJL ¥ aGldidifi déadd mgont act
hole 24a fornmed in a first inter-layer insulating film24, while the other

n+ diffusi onrgg%sgtazcgsamn%t B Q2 i iy %%ﬁ}f&%:%ﬂ ;qiim 4aYyV‘ aa

contact hole ormed 1n the first Inter-layer 1nsulat 15 The

source elect ng t dr_ai I rode 2Q. ar bt ai ned by patterning
f or exarrpslee égggnrégﬂg( %f) %‘?hg%s?%ﬁ?ce e1%6CT T 0t eolét?’se dontected to the

signal line 6 and, receives as input the data signal. The drain el ectrode 20
i s connect ed*P¥®R*¢BAnecti on el ectrode 21 shown in FIG 2 20 and further is

electrically connected with the pixel region 4 via the contact hole 22. The
connection el ectrBd€-21% dend EREtipHRdgyicah &S the afruatneoTIhe ne 7
via the gate insulating film 14. The sem conductor thin filmlayer 18 is a
thin fil mofdiaplaywpasspeprst ar dizmigolopysitstlaldiisyd sa |d amrdiped VeI g
obt ai ned by for exanple - 19 .
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 1is 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



CVD and is forned at a location matching with the gate electrode 15 via the'
gate insulating film14. A stopper 23 is provided just above the

sem conductor thin filmlayer 15. The stopper 23 protects 5 the

sem conductor thin filmlayer 18 formed at the |l ocation matching with the
gate el ectrode 19 from an upper side._Ipgthe TFT 9, as expl ai ned above,

when the sem conductor thin filmlayer 18 is forned by lowio tenperature
pol ycryst al | iAgeftibaoand e e@diadren®iilidui i dilafgad éh Lormpgiigon with
a case where the sem conductor thin filmlayer 18 is forned by anorphous

silicon (a-Skryssait Bespihe’ AR &F ci-2h Rt tRAG @l ler. i5 FIG 5
and FIG 6 are views diagrammatically showi ng the sizes of TFTs form ng the

sem conduct or thi i | el aye - t V=S 4 As
Shoun in Fi G 5 anick &0 o5 R Sitieode Mo Y SIAM LF £ogR
formng the sem conductor thin film 20 _|ayer .18 by |l owt rature_pol y-Si
a large ar eacﬂ’sfgﬁg pﬁf@ﬁayeg%m oY | rlhvéld’goﬁefﬂboq e‘ﬁirg;fg?f%htr%g?'ﬁn A
and the tranEnissEgn region B can be secured. Wien the area of the
reflectioh r épon ‘is approximately equal to that of the conventional

di spl ay device, the area of the 2s transm ssion region B can_be increased
and the - 20 tFaRsnP6t dfceroPdHyadant cigay taydingram o del iapidved.
FIG 7 is aviewof a difference of the reflectance and the transm ttance
i n dual refl ecystaladdspilayshiaydingn at yeadli quiimbwinty sifall av spEmgysratung TFTs
9 formng the s sem conductor thin filmlayers 18 by a-Si and | ow

t enperat ure pellycbysthllkhe@ silildam.absci ssa indicates the reflectance RFL
and the ordinate indicates the transnmttance TRM

FIG. 27A shows a second example of tﬁe 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. 28A and FIG. 28B are views 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 the fifth embodiment of the
present invention continuing from FIG. 27B.
BEST MODE FOR WORKING THE INVENTION
Below, embodiments of the liquid crystal display of

25 the present invention will be explained with reference to



The nmeasurenent val ues of the reflectance and the 1o transnittance shown 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 neasurenent, the

pi xel region 4 has a silver reflection film and the pixel size is 126 pm x
42 um i5 As shown in FIG 7, by applyirg 4 ow tenperature poly-Si for the
TFT 9, the reflectance of the liquid crystal display reaches about 25
percent at tbkemaktavhedaddamingansm ttance of 8 percent at the maximumis
obt ai ned. On the other hand, when a-Si is used, the 20 maxi numrefl ectance

i s about 7 percentirasdeimbedimgh®um transmittance is about 5 percent. The
scattering layer 10 and the flTattening layer 11 are formed on the TFT 9 via

the first and secppd. ifteg hayghni DikkabifNgnbl biked4 A dH of& first
inter-layer 2s insulating film24 is formed with a pair of contact holes

- 21 24a ang; o] hNQ,.a,KQURK G l.e 19,. i3 el ectrode
20. The reflgégégﬁi(ekgég ?ggegfztﬁg %%geuggf %%E((r%gtg él %l%%%%# q{ﬁo |eum
titanium_ chromu silver. alum.n d ronel_. The reflection region
of the rerl REFERDE SE‘#?%&@‘;T’ZW gnp FG %itgg‘%”@l itHe Se5kee is
configured to diffuse and reflect the external |ight. Due to this, the
directivity BFFPREUFEfP cFF‘SndFF’BHFYi papgg eg 8@ Zoedd &b I ened
froma w de range of angles. to Particularly, when using silver (Ag) or the
like, the reltectance in the reflection type display becones high, and a
reflection region A of a high reflectance can be obtained. For this reason,
even i f the area 8 shewnefihefFIGon2rehendAspd ayagansinlll isg he refl ectance
of the z5 required |l evel can be secured. Such a liquid crystal display
reduci ng theceateethted bgghOkrenkpakentefigsu@dting 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 6 for
supplyving 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



to as a "mcro reflection liquid crystal display". Further, the transparent'
el ectrode 13 is nade of a transparent conductive filmsuch as I TO 20 These
reflection electrode 12 and transparent electrode 13 are electrically
connected 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 |ight source is arranged,

- 22 is prov$deinei 7 hfaris4anwatekaggt baphetito26Ca8neridhpel ayaraedctdroml at e
27. Facing the transparent insulating substrate 8 and the conponents forned
thereon, a tebaSpAd@8t21NnNexpbhingdSlaubst antieid8chbanaedddy HiSivHe a
transparent material such as glass is arranged. The surface of the

transparent &dentati dpesHbslieage. 28 on the liquid crystal layer 3 side is
formed with a color filter 29a and an overcoat |ayer 29 for flattening the

surface of the-copes. 15! LAbwd0agd8quil818HE! Bepcnh of B QHE el aver 29 is

formed wth a counter el ectrode 3 he col or er 29a 1s resin | ayer

col ored Qy éggena oL fug¥§ a eifi Qéigg e aQyBCo 'f“dMJfg|t r. | ayers
Fed &n. “&n R e e 9s

of for exanp gre e caolors. codarit elgctHo
made of a 15 transga&egt cogductige filmsuch as I TO The Qgggsite surface
of the transpar®h®"2hstiideifg SBpitPg: &/ 280 sS§P6€9&e&aﬁ%ﬂ+ T -
wavel ength plate 31 and a pol ari zati on glate 32. The liquid crystal layer 3
sandwi ched bet weefu¥faepo ppxahovRgiBnFiCand /t kBechiifedr TSy ddd =30 is
obt ai ned by sealing a guest host liquid crystal mainly including nematic
li qui d crystprowvibileduvethhavreflechigat Fregidhehefori ¢efidiesdticgpytyvared
containing a dichromatic dye in a predetermined ratio. It is vertically
oriented by disgplay and a transmission region B for transmission type
10 display.
The transparent insulating substrate 8 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 formed 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



25 illustrated orientation layer. In this liquid crystal - 23 layer 3,
in a no-voltage state, the guest host liquid crystal is vertically
oriented, while in a voltage application state, it shift to a horizontal
orientation. FIG 8 shows a backlight and a focus optical systemb5 thereof
in the liquid crystal display accordinggo_ the present enbodinent. In FIG
8, 7la and 71b indicate backlights, 72 a |light guide plate, 73 a diffusion
plate, and 74a8el enecsheak. 160ishechacdteghtts i djirte’ Mhird &5 copisd i t ut ed
by for exanple cold cathode fluorescent tubes. The |ight guide plate 72

gui des |ight g@fnt Qﬁggﬁﬁkkggthrzlfréﬁd thily ddha idis B 2amingle lrpd e

diffusion plate 73 forns a relief surface. e tothis, the light of the

backlights 1 b. s uni i hadiat. | .spl anel 1
The | ens. shoct?9d PREGER 1T abBoEpkRo Wl s dibd IR LR IS 1o
the center of the display papel. 1._ The light. focused to the lLens sheet 74
passes throuaﬁg?hgg?Fgﬁgéfsg$o SrgﬁfgﬁdB%%igqﬁﬂ%ﬁﬁﬂ%ﬂ'ﬁ} i%% plate 27, the
20 1/ 4 wavel en &g plate 26, and the transparent substrate 8. FIG 9 is a
per spective WPg ﬂFnPﬂe(HﬁéleaﬁFaiHﬁ tf& )0 QFs BEen RSt Ry kY
shown in FIG 8. The |lens sheet 74 has a focus function, so | oss due to
scattering oPYtAempthped apchu3edspttesi®id-f usion 25 plate 73 is
suppressed, and the | um nance of the - 24 illumnation light is raised.
As expl ai ned abov&n tbevERTi 8nakl paia lbifqm’ ddiffesabndileyleay R#s apeen
prepared with a definition within a range from 100 ppi to 140 ppi. Since
the definiti oM aAd 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 wvia 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
thin film layer 18 is a thin film of the low temperature

25 polycrystalline silicon (poly-Si) obtained by for example



5 low, the aperture ratio of the transm ssion region B could be relatively
| argely formed. Specifically, at |east 50 percent could be secured as the
aperture ratio when designed for 140 ppi. Due to this, the conventional
transm ttance becanme 5 percent. to Note that the transmttance in a liquid
crystal display is generally regarded asgone-tenth of the aperture ratio of
the transm ssion region B. The aperture ratio of the transm ssion region B

i s defined agvbhgndaalsofekmeleatr anIBicaYionh mRFHHL iy Wilth raspegdtdo the 15
area of the entire pixel region 4. The transmttance was set at one-tenth

of the apertyigctabba 95 {hs Eh@ngﬁksﬂﬂw%dr%ﬁﬂﬂﬁ|%ﬂﬁwaﬂﬁﬁ the Iight from
the backlights is absorbed and reflected by the transparent insulating

substrates a and §8Sth§s$grbgt i%ﬁg@%@iﬁ%gog‘aéﬁﬂﬁgd\}@yﬁ{e insulating filns

24 and 25 formed on t i qui rystal layer 3, the polarization

plates 27 and 32, and the 1/4 wavel ength pl.ates,26 and 31 stituting the
di spl ay panef%}c%ﬁggiﬁfnéﬁéﬂ\,& g eggé'elrg et i 1S i oqpoeﬁggg]p}ﬁ?t?%?g%
exanpl e, the pixel size beconmes a small 126 um_x 42 um - 25 Further,
due to restrFRe Eﬁg'lFﬁ“fiHSt&é'sit&ﬁ“o%Bltlﬂb AYGH d & hramad A%ethe for exanpl e,
the minimumw dth or pitch of the signal |ines and the gate |ines being not
| ess than 5 Lafathenafmaichbingh¥ithatde gaiten elaptaiede etdmamAml | . s

Specifically, the aperture ratio beconmes 40 percent at the | owest. The
rati o of theuppea sfidehe reflection region A with respect to the area of
the entire pixel region 4, that is, the aperture ratio of the reflection
region A 1o becommstfié EETcOnt aar expdsaineeh above efWrant itde regi on A
occupi es the pixel region 4 other than the transm ssion region B. The
aperture ratisambohBfictsk! @ain0FiNA0IIAYeAh 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-Si), 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-Si and low temperature poly-Si.

As shown in FIG. 5 and FIG. 6, in a liquid crystal
display using a TFT 9 forming the semiconductor thin film

20 layer 18 by low temperature poly-Si, 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 that

of the conventional display device, the area of the

25 transmission region B can be increased and the



cannot be reduced to O percent. Fromthis, the aperture ratio of the
reflection region Athe |east required for a 15 dual reflection and

transm ssion type liquid crystal display is determned within a range from
1 percent to 60 percent. In order to deal with the increase in definition
whil e securing the |lumnance of the tragnission type 2o display, for
exanpl e, the | um nance of the backlights 71la and 71b can be increased by 25

percent, but tthfsp0eeaneensENRhie0@ndfi rehelilsplidye pEnett atardisd| aipisesgases.
Therefore, when the | ens sheet 74 expl ai ned above is used, it becones

possible to deal wrgh thesi BCRLRRE JEN 228138l ide DB M dO Ule # NICL €ATLHT t he
power consunption of - 26 the backlights 71la and 71b. Specifically, the

cal b 17 om t e uSta) FARGR AR R00 e e (S 20600 EhAg. B ALLS NGty in

t he present enbodiment,. in the.case qf a |iquid stal_ di spl ay, .having a
hi gh defi ni t|g eo?‘g%gbdpﬁfygri:a%o%zi,s}%al}ﬁscruosqrnéqf I'Iggl%/sl ogﬁ fs?Wc’f%r h?i qui d
crystal di spla% can set the transmittance at. to as | ow as_4 percent in

order to Sectf®ifRBAPFERLERINilayeEs 1o B 3 71RF AMerldand, in order

to deal with the increase in definition and not increase the |um nance of
t he backl i ghtempenasuge7pplyrifd -bdst Fdfoi do ithe @bsaiisgee indicates ance to
the m ninum 4 percent. The reason for this will be explained below. 15 In
order to pertbenrafdesphagebRFL,qaind dhestoald natee iswdifecteed whenance of the
di splay panel 1 nust be set within a certain range. FIG 10 is a view of
the results etahemeésthgak arMshowi ng the mi ni mum | um nance required for the
di splay 20 panel surface and shows the results of investigation of
The measurement values of the reflectance and the
10 transmittance shown in FIG. 7 were obtained 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 applying low temperature
poly-8i for the 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-Si 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



t he nunber of people able to recognize the character display when the

di splay | um nance changes within a range from2 to 34 cd/n2. In FIG 10,
t he abscissa indicates the |um nance LM and the ordinate indicates a
sanpl e 25 nunber SMPLN. Note that, in this case, as shown in FIG _ 27
10, an average value (AVR) is 8.9 cd/ntyy the center value (CIR) is 7.5
cd/n2, and the RM5 is 10.9 cd/nR2. According to FIG 10, if the surface

| um nance i s228 addnR4br fowr €orfdngeac adurae Ml tfodeedd earchm rdegni ze 5
the character display. Further, the fact that, if it is not nore than 1000
cd/ n2, peopl g1eabrdaacebnm nate the characters has been known. Accordingly,
when performng a display by liquid crystals, the surface |um nance of the

di spl ay panel 1 I@hav%fﬁsc%bm %Il@%ch%héqch/s%atda 5%;0& G Mhep the

surface | um nance of the displ ay pane 1 is maintal ne t 20 c /nQ this

neans that a_prg f S and t he
| um nance ofo?h g Eﬁlg%?%aka %hgﬂﬁibdoré' %ﬁ %Ph atﬁ%nshlp i's
bet ween the &éans g t@e | uni nance %f§§ s can be

oxpr essed by ChRORRber 2060 FBROPE SRl TRRHER 6 SDeHRI 4GS 11 (o Al G
11, the abSC|ssa ndlcates the transm ttance TRM and the ordi nate

i ndi cates the ?GﬁFﬁéﬁcézBEﬁlgPrWﬁQ wakh rgldef shapesoand %%)keep t he
transmttance and the | um nance of the backlights to the m ninumas nuch as
possi bl e, theonftaured HReddffusgngad: ref lestmithepfextennade ldglsthoue n
FIG 11 intersects an origin of a coordinate system becones the nost
desirabl e cofhdi this, HeeeditrketivittyansEmthieanes lieetd grerldeyiit iNMaredged 4
percent becones the - 28

and the screen can be viewed from a wide range of angles.

10 Particularly, when 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 area of the
reflection region A is made small, the reflectance of the

15 required level can 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 connected 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,



value of the optinumtransmttance in order to deal with an increase in
definition. The reason why the transmttance becones 10 percent at nobst is
that the light fromthe backlights is absorbed 5 and reflected by the
transparent insulating substrates 8 and 28, the first and second
inter-layer insulating films 24 and 252horured on the TFT 9, the liquid
crystal layer 3, the polarization plates 27 and 32, and the 1/4 wavel ength
pl ates 26 anis Jdrcwikdédtwithgat bgd dvapedgngaheplatei @6l andha di spl ay panel
1, the polarization plates 27 and 32 are 50 percent pol arization pl ates.
The transm tgsngei 2t ashplst&802percent. The sumof the transmttances of
the remaining parts, that is, the transparent insulating substrates 8 and

28, the first andriloisgcoRd tRAREpLRYRE mguhaﬂﬂg ELbag rateand Aty formed
on the TFT 9, and the 1/4 wavel ength plates 26 and 31, is deened to be 40

percent . Evefhd foGRRShAFEL NBothal Bd-BLXE! § ggggggggggigqnmﬁ%qmg the

maxi mum transm ttance t he di spl ay panefl er cent

(pol ari zation_,20_pl ate),Xx-50 reent gl arization_plate) x _40.percent

(6 acs +Srusfsgafarte rommBd SE st 08’ A1 LERRSRREBAR, FRigramtoAich he
range of the transmttance becones 4 percent to _10 percent. Concerning the

ref I ect ance,2% t943s&nbiA¥FaRIefe T8Be| FREARAGNEE EBeet¥alsHar@dsrs becones
2000 cd/ n2 on very - 29 dark days (with overcast thunderclouds and snow)

and becormes BvRORting cembetratec2Bapnstheeliguidherysitalt Rayeand way as
t hat described above, in order for people to discrimnate the character
di spl ay, thesidieplayférmedanith5anuelobef2Dted/ ARaorndpre. oesaoditngl y, the
reflectance of the display panel becones 1 percent. The definition and
measur enent Iepdw df fébheflatteningcehai shrbacexpFathedcbaber fiThiex resul t
coincides with the result of investigations by the inventors of the present
lo applieat inge OnThAEshPPREE bf| HRENGVEBCBY teMhlbkng9l H@hformed with
a counter electrode 30. The color filter 29%a 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 polarization 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 including
nematic liquid crystal molecules having 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



to a PDA fromthe front surface in a dark room Regarding the maxi num
reflectance, it is known from neasurenent that 42 percent is the limt as
the refl ectance when for exanple Ag covers the entire surface 15 of the
reflection el ectrode 12. The graph shown in FIG 12 shows the results of
measur ement of the reflectance when the$ntire surface of the reflection
el ectrode 12 is used as the reflection surface. In FIG 12, PNLN indicates

t he di spl ay papekr Byunhear a asdviElitagedistaites tthe ZmdsH [lredtanciequildie aver age
val ue of the neasurenent data shown in FIG 12 is 42.23 percent.

Accor di ngly, ckpgedisRkayveRdiehlagcordientdr WG 1R ase wibogdiaent has an
average refl ectance of about 42 percent when the entire surface of the

reflection eLgpifadeidld keaksedids §hie2td of hestl ! t';étir Tcg&%,htaeﬁ&). I'n

actuality, the transmttance is 4 percent or nore, e aperture

ratio is 40 percephqt 0g100cRe" CRLANURIY arkl'S Feiihd Ut A1 Ls rem

reflection region is percent or hi's being so,
refl ectance of t?e.di | ay .panel 1 becqne Gﬂ? ercent (reflectance) x 42
percent ( otipegﬁP a8 ?BFIé&E%ﬁ?efrysggapéﬁég’ %"ﬂﬁ?°§ QWF?ogh?he
aperture ratio being |l ess than 100 percent is as follows. Nanely, the
si gnal |ine, Pggsenti gabodimenta transistor portions inside the pixel
unavoi dably to bl ock the transm ssion region. Therefore 100 percent cannot
achi eved as the apwerFilite Bati’da and i7flbhdadkims tlee baaklaghtod, pi2 cent. FI G
13 is a view of a range of transmttance and reflectance able to be set in
the liquid cilyghal gdigpl pyate,adGondidif fusidme pliatst, earabdidrentieds Fl G
13, the abscissa indicates the reflectance RFL, and the ordinate indicates
the transm tsraee. TRM Further, in FIG 13, a region indicated by the
letter "a" indicates the range of transmittance and reflectance able to be
set in adiquid The backlights 71a and 71b are constituted by for
example cold cathode fluorescent tubes. The light guide
plate 72 guides light of the backlights 71a 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



20 crystal display according to the present enbodi nent, and a region
indicated by the letter"b" indicates the range of transmttance and

refl ectance able to be set in a conventional liquid crystal display. By the
above liquid crystal display of the present 2s enbodi nent, the refl ectance
in the display panel 1 can be - 31 -s&t +n a range from 1 percent to 25

percent, and the transmttance can be set at 4 percent to 10 percent, that
is in the rardduinatdonediight d's tsd@ed-n FIG 13. By this, the liquid
crystal display of the present 5 enbodi nent can secure a | um nance of the
di splay |ight equiAslesdil dimeidhaibadfe a damsntticmedilat, di Splcii derdyastdalng
only transm ssion type display even with the | um nance of a conventi onal

backl i ght, cafi spAGH hddSddindfiided WaxiPfa aidafidastdP Rl ttie, aven in a
hi gh definition display of io for exanple 200 ppi, and can realize a

' display havi %@Aﬂ%ﬁ/l@@gﬁgﬂ g QAN gifieh diifed WHd Gl dd 160 NALd O
light, or other "external light is dim ntrary to this, 1n a conventional
liquid crést%! di spl ay. thg reflqgtanggtg?d,éhe transnttance e set i5
in the range Bt he'T ERFTH Hovh I FHG VPP HRFSEDEE Bugh a
refl ectance near_ that of the present enbodi nent can be secured, the '

transmttancef9%td R Tt han@F By Hemed SPeFifhically het

transm ssion type display is not sufficient, and the 20 viewability is
| oner ed. Nextleaste Sfetpertaerit mowid demeafrahas dfiecrantund tdwid i qui d
crystal display explained above will be explained. As shown in FIG 14A,
i ght is eni tvwlesh fdedi e Fext BIMahpi | ghie stmurttei H2 thoe tdwnvémtti shLY yst al
di spl ay - 32
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 reflected by
the transparent insulating substrates 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 pym x 42 um.



panel 1 having the above constitution. A drive circuit 51 supplies a
suitable drive voltage to the display panel 1 to drive the display panel 1
so as to display white on the display panel 1. Then, the incident light is
s reflected at the reflection filmin the display panel 1, is emtted, and
strikes an optical sensor 55. An opti€al5f+ber 53 transmits the |ight
recei ved by the optical sensor 55 via the optical fiber 53 to a photo

detector 54 FWF i eFashefhirafthicEizms e thaadasmmiolidhe d smid
measures the output in the white display of the reflection light. At this
tinme, the |igityshal trdckelr orfidtheexanmienal the gritnisuum celdy eas mioein o FI G
14B is emtted so that an incident angle 61 becones 30 at the center of the
i 5 display paid sigtul darddmtardieciefdzwd inimdd Peinefiectssattidie 5

di splay panel 1 strikes the optical sensor 55 fromthe front surface, that

is, the inciqen! Gl HPUF ke %Aﬁhé&%@&é&&?@%&é%&n.

refl ectance of the reflection region Ais found as shown 20 In t

i s iy R SHATUR TR I e o (ieiits b et A et fon

standard) x reflectance of reflection standard . . . (1) 25 Here, the'
"reflection stMhd@¥eSts a standard - 33 reflection object whose
reflectance is already known. Wen the incident light is constant, if
conparing the anoufhe ofatire efthetarrr | PHhthe reed ertiensteehemtA obj ect
with the amount of the reflection light fromthe s reflection standard, the
refl ectance ofitlhherespect cpentheoBeed clntie estiratpikxeNotegidmtd t he above
expl anati on was gi ven assum ng
that is, the aperture ratio of the reflection region A,
10 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 71a
and 71b can 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 becocmes possible to deal with the increase in

25 definition without increasing the power consumption of



that the TFT 9 had a bottomgate structure, but the TFT 9 is not limted to
such a structure and may have a so to called top gate structure shown in
FIG 15. In FIG 15, the sanme notations are used for conponents simlar to
those of the TFT 9 shown in FIG 4, and explanations thereof are omtted.
In a TFT 40, a transparent insulating aéstrate 8 is 15 forned with a pair
of n+t diffusion layers 16 and 17 and a sem conductor thin filmlayer 18.
These are cotbeebabklaghsse7lasandt /Al .f SPecificaldygatbei Avmiatngg film 14
is formed with a gate electrode 15 at a |l ocation matching with the

sem conduct obft Bha bakRLhigyhets ¥3aaafd F1eovanctel@alyedn tioNEO0- kayaP
insulating film41. The inter-layer insulating film41l is fornmed with a

source el ect kados4Boapd /A2 dEabf heChLQde 20ngbherSRUEEE hgnt rgde 19 is
connected to one n+ diffusion layer 16 via a contact hole 41a forned in the

inter-1layer 'pagba%hpg;filn14l, and the 25 drain electrode 20 is connected
to the n+ diffusrontayer - 34 17 via a contact hole 41b forned in the

inter-layer insulating film41l. According tqQ the present enbodi nent, by
focusi ng Ehe 1 ohBCPPARAPAEYsadkt (0 BB ate RORGITREL, 1 Who case

| um nance of the backlights is inproved, the transmttance is set at 4
percent to 1@fpérééﬂp}dtﬁ@Yﬁéﬁﬂegﬁéﬁé@Yi§3M¥F9 ? &ighnhglefindmienpefcent to
25 percent, and it becones possible to deal with the reduction of the pixel
si ze and t he 150appil 3 0w reggiaomiicrca e laarigniistirudim nen driemsed
definition of display while securing a display |ight |um nance equival ent
to that of aFystady APl FIY HHARSENEN IVt aH HJ A ardl as

reflection display light |um nance required for the display wthout
i ncreasing th p%%‘é%rnthgs%é.ro%oﬁsé&ﬁ'é. Sth@%a@r@?&i%sion luminance.

10 On the other hand, in order to deal with the
increase in definition and not increase the luminance of
the backlights 71a 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.



Second Enbodi ment Next, an explanation will be given of a second enbodi nent
of the present invention in relationto FIG 16 to FIG 18. 20 The liquid
crystal display of the present enbodi ment has a basic structure the sanme as
that of the liquid crystal display explained in the first enbodi nent. Note,
inthe liquid crystal display of the prééent enbodi nent, the configuration
of the color filter is different from 2s that of th first enmbodi nent. -
35 FIG 16 i'¥aedVGrde Wawof (AR ¢ts fotue/at - athrspraFepaNelusl in
the liquid crystal display of the present enbodiment. The plan view of the
di spl ay panel{@&R)shHaw? it w/m?, 18nds thenRMSr is010h&t cd/mEIG 1. FIG 16 is
5 a sectional view at the center of this plan view. Note that, in FIG 16,
the sanme not ati onddicrdises HoF mOmanenis tHandutadce tiheaaicd e ldaui d
crystal display of the first enbodi nent, and overl appi ng expl anati ons are

om tted. to Themdt buChdie, ofgot %r@'e%l%' exe parel o§lpaegm baan:@co%ﬁl
basically the sane as that of di spl ay panel shown in

FIG 16, the n S i egl on
B. Nanel y,E i n&%ﬁ'r c?ffsgp %r %g‘%eélsﬁ ol\j\*%gelfn I#{g kfé'h:e tlg-fa?ﬂ T[i,%-r}'?p-,{

transi stor TFT9|sf 2ath lfllmof ow.te R"F‘

pol ycryst al | i ﬂcﬁ% oﬁ})% t'alpﬁ&‘:? 6y “FOr déi&ﬁfif“én%\%ﬁ ffle outer

di anet er size can be reduced the areas of the reflection region A and the
transmi ssi on SRAFAFET TR DLIRRENM e, and both of the 20 reflectance and
the transmttance can be inproved. Further, the reflection electrode 12 is
made of a rhodi umAccardingdy chrhoen mﬂrﬁimmg aldirspllay Whrldnplid or ot her
nmetal film the surface of the reflection region

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 display 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 proportional
function as shown in FIG. 11. In FIG. 11, the abscissa
indicates the transmittance TRM, and the ordinate
indicates the luminance BLM of the backlights.

20 In order to keep the transmittance and the luminance
of the backlights to the 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



Ais formed with relief shapes, and the directivity of 25 the reflection

light is eased. Particularly, when using - 36 silver (Ag) or the Ilike,
the reflectance in the reflection type display beconmes high. Even if the
area of the reflection region Ais nmade small, the reflectance of the

required | evel can be secured. 5 The €d®r-filter 29b is a resin |ayer
colored by a pignent or a dye and is configured by conbining filter |ayers
of for exanpivalued ofgrtden ordiichusl deragsimirtdangsnientorsied by, dealomddh to
perform col or display, the color filter is provided at a | ocation matching
With to the et iirerngassd ireglafiind tdfori.he transparent insul ating substrate
28, and both of the reflection type display and the transm ssion type

di spl ay becone colife HeHcY -whiheeHe | tarddnlittiariies HdondOhio pet-ddift
| um nance of the reflection Iight and the transm ssion Ilght |s reduced by

15 t hat am’“’?it rrldé ild LA CErYétf!H gtll Y EH%!EJ >g’i& b%’li type

display, the 't using the reflection type ort
exanpl e, when a . p r s e secured anl e transn,ssion t pe 20
di spl ay idu Ré%i tﬁﬁg&%éiggﬁe rﬁﬁﬁhaé} éhf%ﬁﬁ$ﬁﬁ1 e is a
certain degree of anbi ent Ilght the reflectlon type display is used.'At
such a time, and 28 s fite FIFRt (3nd SAASNG He tararlader d W ahing fiddsy t wo
colors of white and black 25 and that a difference between the white and
t he bl ack -2 7angd dthui feninddronli g EETP e-the | Lioquisd herystedt laydmid es
etc. be clear. Accordingly, in the present enbodi ment, as shown in
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
transmittances of the remaining parts, that is, the
transparent insulating substrates 8 and 28, the first and
15 second inter-laver 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
of the display panel 1 becomes 50 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 outdoors becomes 2000 cd/m* on very



FIG 16, the color filter 29b does not cover the entire s surface of the

pi xel region 4, but only the transm ssion region B. Due to this, in the
reflection region A, no color filter is provided, so the absorption of

i ght and the reduction of the |um nance due to the color filter are io
elimnated. Further, in contrast to the2fisplay of one dot on the screen by
three pixels of RR, G and B in the case of the color display, in the case

of a bl ack ardP¥hidaysi &ptty, orress kdihunderelandmandisnem) tard nunber of

15 di spl ayed pi xel s beconmes substantially three tinmes that of the color
di spl ay, so thecomds G000 1xinadvm® bBecolesr sthlter. Fugither FIiG the shows
data of the reflectance (X) where the color filter is provided in both of

the reflecti ofa€GiDp 2O thaHéer BN ABSE: PN etk BE@pddisle to
reflectance (Y) obtained by the present enbodinment. In FIG 17, the

ordinate indigateshitea S Lipet Qs By @ysﬁéfag%%ragﬁ f yrhd hdspe 290

as in the present enbodi nent, the reflectance atly 1 ncreases and

reaches 3Q 25 percent 3 I 18 i A of ran of
% m@s%ct?ée]fgoe C(,[:d/r’i‘lgé3 o Im%re. l51\.ec:sc061‘:d1.n He tl% Cerci}:sa[nacle (ﬁ)lfspl ay

. e I
transm ttance anh ance able’'to set 1 1 qul

according to the fjrst enbodipent. In FJG 18, the abscissa, indicates'the
refl ectance RERe dhEPIFE RRRPhIPecemesdt Reecerhe Tti‘%m‘g 1rhkben e

Further, in FIG 18, a region indicated by the letter "c" indicates the
range of transesserernentmethedcef atke tectance seill nbe hexplayimedcryst a
di splay according to the present enbodinent, and the region indicated by
the letter "blateri nthiatessthe caigeidéstwatisnthé anesubtidof ef | ect ance abl e
to be set in a conventional liquid crystal display. By the above |iquid
crystal displ ajveitibecPSRSEPY the inventors of the present
10 application on the lowest illuminance by emitting light
to 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 reflectance of about 42 percent when the entire

surface of the reflection electrode 12 is used as the

25 reflection surface.



enbodi nent, the reflectance in the display panel 81 is in a range from1l
percent to 30 percent, while the 15 transm ttance becones 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
enbodi nent can secure a |um nance of 4180 di splay |ight equivalent to that
of aliquid crystal 2o display performng only transm ssion type display
even with the | uninapctusfigycotrhentirensmifiekiceght, 4c perceatr ert mere,
characteristics of the reflection type, and can realize a display having a
hi gh vi ewabi lthay egen thieeapietuseniraghb, iisl KoOnpeatieat koghbo perekher.
external light 25 is dim - 39 Accordingly, as in the enbodi nent, by
using a col ONafellier thavariedd raftli% e theaRefl 8eiteBn! $2b98n0fk st &9 Pi xel
region, a thin filmtransistor TFT using | ow tenperaturé polycrystalline

silicon, and reflecti | ek r:de . i a_ref. tion.reqgion nmade of
a netal of aF%FS%LFE%%Lg%?%de%%ﬁ%hﬁggg iF@Qr%%F a %%#ﬁ%hf g%ef%gnF&nction

of scattering, | or..di gpl ay is.achieved in gnly the transm ssion type

di spl ay, andofi 06 SHERIRY: 3Ry lapaconssn ol BRTERNHd TREARSHRGR)! Foe

di spl ay, but both of the 1o reflectance and the transm ttance can be '

i nproved and 4BoPereenthd tptalasuriteices ref legtanse) ect 28n Peysendi-sFhgy and
the transm ssion type display can be enhanced. Third Enbodi nent Next, an
expl anat i on wieasage fgirv dhepfapernthined ref ionrbedingedessf thiam 3106s peircemtent i on
inrelation to FIG 19 to FIG 21. The liquid crystal display of the
present enbodismeist fedddwze NamelgSithesigigeialr € iae ,t katteoll inke laingui d
crystal displays explained in the first and second 20 enbodi nents. However,

in the liqui dnd ¥sdlsi@itt P6r@ions inside the pixel unavoidably

10 block the transmission region. Therefore 100 percent
cannot 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 transmittance 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 region 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



the present enbodi nent, the configuration of the reflection filmis
different. FIG 19 is a sectional view of the structure of a display panel
61 in the liquid crystal display of the 25 present enbodi nent. The
structure of the display panel - 40 shown in FIG 19 is basically the
sanme as that of FIG 16. However, in i1hg display panel 61 of FIG 19, the
surface of the reflection region A of the reflection electrode 62 is a
snoot h surf aset snNet eanigat from Al Gert@nto tlel @5 pkrddm ,samel dieat i ons are
attached to simlar conponents to those of the liquid crystal displays of

the first andreeeaidtemedic®mnite sHite sl aee-ceintd ke nef lralddrt elgly ode
62 preferably has a surface center |ine average roughness to (Ra) of 0.02

umor |ess. RW tihelchd el |RCHHRN RIAHH oder @%de% ede _qsc_orgy,ucti ve

metal filmsuch as rhodium titanium chromum silver, alumnum ~and

Chromel as expl:a n ahkque. . [T l.ecy. I n reflection type display
becones hi gh)gglalraét’i cgﬂea%gf%\ﬁndeﬁgfq-’fsﬁll %%%ﬁ%?ug%&%enﬁﬁegﬁqg st and second
enmbodi nent s, aﬁ spovvn in FIG 2 and FIG, 16, relief shapes of the

reflection r 1RSI (R SHFEE o WO h £hg disRd e dd i ng the
scattering layer 10. This is ainmed at the diffusion of 20 the reflection
| i ght by makiespitvad enitgiio dthatkefi 1fe Yiiapiidd anvisdedl slisplashgemfarning ti me
of reflection type display, but dispersion of the reflection light striking
the |iquid crortaltramsricrstiesh t3pd htH spdfdye ahvrc eviith [theerlashimaed ke t hat
of the reflection filmin the 25 snooth state. - 41 In the third
enbodi nent, thedrafdrixGiaiige HackHdht h&san secure the characteristics
of a reflection type even in a high definition display 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 lowered.
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



hi ghest by snoothening the reflection filmin order to make the peak of the
reflection the maximum In this case, the reflection light is concentrated,
and the viewability s of the display screen suffers fromdirectivity, but
generally the greatest reduction in the viewability of the transm ssion
type display occurs in a case where stund2ght strikes the eyes by direct
reflection. Viewability need only be secured at this tinme. Nanely, 1o the
refl ectance RaN&Et lathaHagrdh OVigh FNFE WA | 1A WPrdfve 1 garite &l on
type display is made the maxi numonly for the portion where the viewability
of the transmuppldres yeuwlitghlsy dsivetvaldmged.o Adeordiisgllay; pamdlhd
present enbodi nent, desirably 15 the snooth reflection | ayer causing

regul ar refl et idrives Hhy sy ane |leaid @it regidisplay wHies tdh rd
enbodi ment, in the sane way as the second enbodi nent, the thin film

transistor (THY £idLfipgmibiby USingh | awd ammerdddy a gy crystal line
silicon 20 as the sem conductor thin filmlayer. Further, the color filter

29D 115 T LaNGed 50-A% LA NPT dedNG P IE IS Alotdle Bk, 1 o0 on

64, but only ransm Ssion region ere ’n?
color filter is 25 proyided, so the absorption of |ight_and the reduction
of - a2 trAF IS Thare AL TFAIRE A P11 FRkroT et IR, i n
contrast to the display of one dot on the screen by three pixels of R G
and B in the &drer 013 doranswi b Hie Jighthereeaived by ddie artigak e di spl ay,
5 one pi xel displays one dot, so the nunber of displayed pixels becones
substanti al | ysensae 55 meisa tthe aptideel chiler B3I ptaye phbtdaeletddtent dte can
be inmproved up to 30 percent at the maxi num Further, the snooth reflection
region A of tdwd a measurement device 56. The measurement device 56
10 measures the output in the white display of the
reflection light.
At this time, the light emitted from the external
light source 52, as shown in FIG. 14B 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) = (output from white display/output
from reflection standard) x reflectance of reflection

standard ..o (1)

25 Here, the "reflection standard" is a standard



to reflection electrode 62 is fornmed just above the regions where

i nterconnects such as the gate line 5, signal line 6, and the CSline 7 are
formed or the region where the TFT 9 is forned (bel ow, these regions wl|
be referred to as the "interconnect regions”). The |ight cannot pass is

t hrough the above interconnect regions, 330-they cannot serve as parts of
the transm ssion region. By formng the reflection region A by effectively
utilizing sudtefleptoon abiegperhone arefl ettanee tismkteadwrknasyion B can
be obtained at the maxinumlimt up to the remaining area of 20 the pixel
region. In tWercddse irdwistempartisghar el eireangethisp ihatompwerimef [tgded i on film

el ectrode 62 covers one side of the gate line 5 the signal line 6, the CS
line 7, or otditdurithied cewesdSledtian 204gh© fhdm 24 mdkkbldmerdd A to FIG
21D are 25 views of exanples of formng the reflection region A just - 43

above the i @Y FONGH L SOt SLE BT L HIELE] fhy RS 41 ¢ hand the

gate_line 5 are I ndependent. is a plan view o pi Xel “region in
a liquid cryst display., In.this pixel ion, the te 5 line 5, the
Signal 1 e SetdreRt ettty e et Rkhod 7 PRNE Meraiimment and
the gate line 5 and the CS line 7 are independent. The reflection reglon A

of the refl ecdPHFlel R RRILHINAL®dr ned in the region just above either
one of the gate line interconnect region to made of the netal film the
signal |ine interdtecthatgthe, abdee GSxpl ara tivrre¢annegtven eassumimnd t he
region where the thin filmtransistor 9 (TFT) is fornmed or a region forned
by conbi ni ng that utlad i THT 09 hidsz begtonsga€d G t208tshensbat cése THRI® t he
gate line 15 interconnect region, the CS |line interconnect region and the

TFT region args used BEmifed€d! 86th 00 §€818PuLe IME m2PhshoOVs focase where
only the CS line interconnect
10 called top gate structure shown in FIG. 15. In FIG. 15,
the same notations are used for components similar to
those of the TFT 9 shown in FIG. 4, and explanations
thereof are omitted.
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



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 refl3®tt4on region A, FIG 21C shows a
case where the gate 25 line interconnect region and the TFT region are used
as - 44 tRd wvaml ecromvkacdgihed eAd informed 2nDthieovis tercdeyexhere only
the signal line interconnect region is used as the reflection region A By
effectively usisndattiegsfdden i41.t he pixel region 5 in this way, a |large area
of the transm ssion region B can be secured, and the transmttance can be
improved. Fourth BERQHIRY tthe Predta R mMdnlt, @ i ourth
enbodi ment of the present 1nventi o%ﬁi n relation t\g FI G%loo\gﬁén %Ihf& 23.
FIG 22 is a I gal, \rewaf f hspl pangl. 61A in the
liquid cryst z%?'%g‘ltespl ay \g'l %t %cﬁl@?ﬁ! e%%:)g %rrg'r?tn.% %Irt{‘(%%st??ﬁl?dt &?‘ee of the

di spl ay panel, shown in E 22 1§ .hasi.cally.the sa that of FIG 19. 15
In FIG 22, t%?ér‘l%%&éat%%né%ﬁ?‘euﬁtascﬁéé J'E'EIJ""'§1"r*?"|rg’|’3'arq:?’forrponents to those
of the liquid crystal displays of the first and second enbodi ments. The

li quid cryst firagissyithpnse tife suth emas@endnitondd Pegidemdrertbecol or

filter formng region fromthat of 20 the liquid crystal display explained
in the thirdafleditante églsEthan sbaengdfirant Hepsirsentata 25 same basi c.
structure. In the fourth enbodiment, the color filter 29c is a resin |ayer

col ored, for paraglts, dmd Rt Geduk dosA %> iR eitdyand milar to the
first and second

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 second
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 structure the same as that of the liquid
crystal display explained in the first embodiment. 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.



- 45 enbodinents and is formed so as to be |ocated facing the pixel region
4 including the reflection region A and the transm ssion region B. Note, in
the color filter 29c, an opening 40 is formed in a portion corresponding to
the 5 reflection region A. The opening 40 is a region provided since the
color filter is not formed. Wen for exagpte the region showmn in FIG 20B
is used as the reflection region A, as showmn in FIG 23, it is provided as
a square openi ng RIG 1P lixa i swcitionads porel af tthehmatmteelof the cent er
thereof and fornmed with a ratio of 10 percent to 90 percent with respect to

the area of tdiespndy rfartgll @1 fid titHe 2%eqili & WHASRONAHIEPILY, tde | ection
region A. The light passing through the opening 40 does not 15 pass through

the color il &lsadc SRlOIGHAQ. dhid YRI wRlPlse &b I dolar e g ANd

i ght having a small attenuation is obtained. Further, I qui

crystal displ t, i of _refl.ectli t di )Y i n he |ight
passed throug%w I sl%r&gxnc%‘ngr?%olsés b :‘Lad? g%f a%/i'pagfo ?t;sg% t olg'etdfiaf.' \%% S he

| i ght passed through the color filter 29c, the refl ectance, the |Ium nance,

and the cal or® r%%‘?tg'dimr&bi‘f’i‘?‘? 3% e HRESR FRrtAs iRMPR VB spl ay can be

i nproved. The |ight passed through the opening 40 expl ained 2s above tan be
adj usted in anountN@kediRrRhg ¥® FHe. si@e Hie samegotafeigpemrr uged
Accordingly, in the liquid crystal display, by changing the size of the
openi ng 40 f ofeedcompaients| simildt eto 28uose tdif nthidnel idpovde crystenl t he
refl ectance and the lum nance in the reflection type s display can be
adj usted. FordispEay edfSothe i fii #€ drisddnent, 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 polycrystalline silicon (poly-Si)
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 reflectance 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



crystal display, by formng the entire color filter 29c with a thickness
and by a material different fromthose of the portion 20c-2 correspondi ng
to the transm ssion region B, it becones unnecessary to adjust the to

refl ectance and the lumnance in the reflection type display. Accordingly,
inthe liquid crystal display, the coto¥6éf+lter 29c-1 and the color filter
29c-2 can be easily fornmed under. the sanme conditions, specifically the sane
filmthi cknesdviefe @gte dFatde ditkeandhengafdmetangs i e refl ectance in
the reflection type display and further the |um nance and the col or

repr oduci bi | ineflsod iiomp tywed diistlewt benomess idght .h&ymrodutttiten astespf and
therefore the viewability of the reflection type display can be inproved.

20 Further, ithd hefllegtidne merjiain 3 93 madd mdlun e ardfl ddtan RS loget i on
type display can be inproved ' by enlarging the opening 40 w thout raising

the ratio of ¢fie FRflig8Edd ARVAIIHh e FaddtS] ze of the transm ssion
region B can be maintained as it is. Accordingly, in the 25 |iquid crystal

di splay, reflecti | 1Ay 0hHq ¥ oo
i splay, reflectiondyRadi sahaePha high gret%l‘e}?tlarﬁxl ?c?élacﬂceei:} 3;5& £ hig

| um nance is realized, a structure stressin ransm Ssion aving a
| arge area of the transm ssion region B and najntaini the | um nance in
the L ans i SRAFTRYD OIS S A1 & 51iSANS ERFo BY PP ARy toind ¢ he
color reproducibility and the viewability in the transm ssion type display
can be i nprov@¥ermhehfan myramwrls sast, (95R9%d and thaemelarsi ng
exhi biting the square shape expl ai ned above, but may be 1o triangul ar,
hexagonal , or ot hetorpEntgorsElly, cirr aander dimdl pEsfomycdleot Wi splaypre in
nunber. However, when the opening 40 is given a polygonal shape, a
di fference artlsescdlod NE latarinis Prdvighdd et vieeloddiel drdahdedHing ghtth
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



fromthe outside and the reflection light to the outside, 15 so using a
circul ar opening by which the anount of the reflection |ight becones equal
with respect to any incident light inproves the efficiency of utilization
of the reflection light. Accordingly, the opening 40 is preferably forned
circular. Further, for a simlar reasen32o-to why the circul ar opening 40
is good, even in the case where the opening 40 has a pol ygonal shape, a

poi nt symet Feguisedqderi disrdpyingd e-maither, atherof@xthemudabdesbe for ned
at any place within the range of the color filter 29c-1 corresponding 25 to
the refl ecti eta.eppeorllaat.ner than the | ocation - 48 corresponding to
approximately the center of the reflection region A explai ned above, but
when arrangi ng thiagdordihg1wi,Ciiti tthedfprdirt AMTIGEHNt M &3 Whdn iiln
beconmes a cause of |eakage of the light fromthe internal 5 |light source

fromthe openiRg 4@ akphedidE ﬂfléelfxa'b"‘dﬂ R S RIRer 'ét%?xsé't Wi%e

preferably it is formed so as to be | ocated at approxi mat e center of

the reflectiqQp If9j0 wnhe. . niqg.4 i j rahl ar to.a sizeto
enabl i ng easyﬁﬁ'g{%t%eer %fgrtga |lonf?L or leo%arf‘rsfl gﬁ% og'g'r#lo‘{herrorgar%n\ﬁnmelnssfloorn '
exanpl e the shaﬁe of_ the opening 40 is circular, when taking into
consi derati orf ¥ &t that a negative pattern is used as the material of
the color filter when formng the color filter 29c by 15 photolithography
and a 1 pmor nor ®4s [ta thiigkndgs the refilieddd drorregiire W nqia e lfamct i on as
a color filter. Further, the color filter 28 corresponding to the
reflection refjildrerA icammeivikked)] s ttedbsrpgteorrsia®e lafgHthearmpeaiieng 40
nmust be not nore than the size of the 2o reflection region A Note that, if
the phot osenstddudtiorast dineNSindlitindd is 1 €d) e tdR1 0110 ddd tfe Mat eri al
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.



used in the photolithography are inproved, further mcro processing wll
becone possible. Therefore, the size of the opening 40 is not limted to

t he above range and may 25 be the opening wi dth. Specifically, when the
openi ng 40 - 49 is circular, it may be the dianeter, and when the
opening 40 is polygonal, a distance betygen opposite sides or a distance
between the side and the vertex may be 1 umor nore. 5 Then, by providing
t he opening 40 i nERlfs d& drs fa Iview 28¢-al rangee o riiangmid: taree efridect i on
region A as explained above, the reflection region A of a high reflectance

can be obtai nefldaarmcamla tddarsat ain tiee refdad iarded display
for,obtaining the viewability of at 10 |least the required | evel can be

reduced, and,, QAU tie #3481 Sidcdiedt SHIRF RS, Al ryed ure

stressing the transm'ssion type able to secure a large transm ssion region

B can be easidtdieald 25 Eed ik LEAPANCINE, SOHOT LEPrOONGLbll e 10 he

. . r
transm ssi on Type (S I Mprove arge trans 0 on B

and, at the sanp time, the viewability c be inproved by the high

| uni nance >t rafﬁ@ic‘%fieosn tt*ﬁf‘pet’iﬁ%ﬁﬂ’aﬁ/‘?aré?‘?t nb%‘g‘lp’f%‘?ﬁ' Néit?l%n ]eéz'plaanati on
will be given of a fifth 20 enbodi nent of the present invention in relation
to FIG 24 tFgaign dndigated by rhe tlettri t'Ie'endviiortes el zanasl above,

an explanation was given of a liquid crystal display wherein the Cs line 7
was i ndependerradnsmint tyromn el etk e ctrahea ahike | tarkye ceogptacin othe€s was f or ned
between this Cs - 50 Iline 7 and the connection el ectrode 20, but the
present liquid crystal display according to the present
embodiment, and the region indicated by the letter "b"
10 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 percent 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.



invention is not limted to a liquid crystal display having such a
configuration. Therefore, the fifth enbodinent is configured so as 5 to be
applied also to a liquid crystal display having a so-called Cs-on-gate
structure forned, for exanple as shown in FIG 24, wthout independently
laying a Cs line, but inparting the rel890oF the Cs |line to the gate |line
and superinposing an auxiliary capacitor on this gate to line. Aliquid
crystal display hAGIRFIFRIE, s ghit cthe reePedinent, dpvvwsing R Golar s
provided with pixel regions 4 formed into a matrix by laying a plurality of
gate |lines 5 Gindter ptaverting ahlgi gnal tramesi $sicn peegioni cfil e twiesich
other. A TFT portion 91 where a TFT is forned at an intersecting point of a

gate line 5 apshyfors] Gathinh Neibmi 6riRs ot OTFEVES VNP X8k t&EH&Fatur&ach
gate line 5 is provided with an extension 6a extending al ong the signal

line 6 to tha%éeaﬂﬂeefgpmwﬁ, 20n&OANEEE] 88t S Ce Vb L PrblE diTxET

portion 91. In the pixel region 4, a connection electrode 92
connected to the TFT via the. TFT i on i id sp as tao face an
extensionf%a.% 1?%éa95?€i?$§%°§ 5?8{%% %ﬁ%%i%ﬁsés %5%. Th ?ﬁ%l iquid
crystal display_having such a constjtution, 25 superi nposed portion'of

t he extensionr%%;%ﬁt?%%eg%?%hl?ﬁeSllYe51°rSa ¥mipem L hag; bie Svagkiemd t he
connection el ectrode 92 is used as an auxiliary capacitor region in which
the auxiliarycfaperttering, f ophed dhepbaviaiseachbéeedetintondy théCs
region") 93. 5 Further, in FIG 24, each gate line 5 is driven by a gate
driver 94, antramshissjoml typeedbspbayyiapd byaek sandcehiltévéisPbay Fugt her,
FIG 25 is an equivalent circuit diagramof a liquid crystal display

enpl oyi ng a daéNi&@edBiROghe 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.
19 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 present 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



lo different fromthat of FIG 24. In the circuit of FIG 24, a constant
common potential Vcomwas supplied, but the circuit of FIG 25 enploys a
driving nethod applying a counter voltage Vcom obtai ned 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, im¢he circuit of FIG 25, a signal
potential of 5V is satisfactory. Further, FIG 26 is an equivalent circuit
di agr am of a shicgmi dnciFI&.all Mdiisplbasitalily thepamle cis diat off [F1G.246.
tenperature polycrystalline silicon. Note that, also in FIG 26, the sane

notations ar aloachveghedn ahd Milsplaomaenrantel tof these 16f, e sidragd FIG
25. The circuit of FIG 26, different fromthe circuits of FIG 24 and FI G
25, enpl 0ys DLAUNI GUFAEAL MNULIDBP R 11 SN Ild g I3 DAl dgnied on
the sane panel. A - 52 signal SV froma not illustrated source driver is
transferred t,Q he Sl alsdlj ece6 via a selector SEL having a plurality of
transfer gates e transter gates (analog switches) TGM are controll ed
in the 5 conductiye state by selectiaon signals SL and XS1, S2 and XS2, S3
and XS3, .. taki X"é’tt?o Avedtaryt G eviel &9 ol 1 i othe FemerneSatiprRsand
27B and FIGS. 28A and 28B are views of exanples where the reflection Yegion
Ais forned jara atdaghede theimdat gamranents £adhadd af dheod-igmrig
structure wherein the CSline 7 and the gate line 5 are shared. FIG 27A is

a plan vi ew afrystal? diispglaysegbrthe [fitdie sndisetond gindisiimertaur al ity of

gate lines 5 and a 15 plurality of signal lines 6 are interconnected
orthogonal to eachrhs hairfusk fof e EETlectfonl Rl & tfodorgped at an
intersecting point of the gate line 5 and the signal |ine

preferably has a surface center line average roughness
10 (Ra) of 0.02 uym or less. Further, the reflection
electrode 62 is made of a conductive metal film such as
rhodium, titanium, chromium, silver, 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 type
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 the

25 smooth state.



6 for each pixel. Each gate line 5 is provided with a CS line 7 along 20

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 CSis
formed as illustrated between the gate line 5 and the gate |line of the

previ ous stage. 2s The reflection region A of the reflection el ectrode -
53 62 is fornmed in the region just above either of the gate |ine

i nt erconnect regi @n, thige thiigdhlembodd memiter dhveneef leegrore tisem@8ef thei ng
region, and the TFT form ng region nmade of netal filmor a region obtained
by conbi ni nghd ghepltlbyl istipchdriiese thegirefledticon ZiBmshiewsrdegate Where
the gate line interconnect region and the TFT form ng region are used as

the reflecti gRyle@ne plakFlde t3RA refFIWE 3 AR VRG] .Y Th@pgisgRalsel i ne
i nterconnect region iS used as the io reflection region A, FIG 28B shows a

case where o he..TEL.f.Qr ni.n i on.d the reflection.reqion A
and FIG 29 gh%mgeglgggéo&}lemrlgg‘éﬁ% t oélc;ez'ftl%%lqﬁe?]iz Fél%ustg‘g SR lllé'f ection
region A. By effectively using the sg&ace in the pixel .in thi %Hés way, a

| arge ared ok & BYs ST SRy it IerSa it nel dedgcdd Vit
transmttance can be inproved. In such a liquid crystal display as well, in
t he pi xel regenerallphdhefgreatent meguatian dmpthe ydevwalkit idvoed one of a
region wherein a netal filmsuch as a 20 netal interconnect for bl ocking
| i ght from t Hihebdaianisgtits sofort Hypentddrspdlay icqgintursouirca icsspr emiested,
specifically a region wherein the above gate line 5 is laid or a region
wherein the swgidlght i kes [tidl eyes et @l vt @igFlideriGn.r egi on 93 ~s
formed, the TFT portion 91 wherein a TFT 2s is formed, or a region obtained
by conbi ni ng & RIdHi@lithY 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 portion 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 is
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 29b is arranged so as to cover not the entire
surface of the pixel region 64, but only the transmission
region B.

In the reflection region A, no color filter is

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



- 54 of these regions. For exanple, in a pixel region 4 having a
configuration as shown in FIG 27A the reflection region Ais provided
just above the Cs line interconnect region 5 and the gate |ine interconnect
region showmn in FIG 27B. In this way, by effectively utilizing the region
for blocking Iight fromthe internal 4ight-source to formthe reflection
region A, the pixel region 4 can be divided to the reflection region A and
t he transn s&hen lugdgingmce die tte dheeogllior §idtercauee reduessi.ng t he
transm ssion type can be forned by securing a |large area of the
transm ssi on regi MurBheryr tiheiconitiralsite taba@he Eilspllavegifond dat foer M ng t he
opening 40 at a portion corresponding to the reflection 15 region of the

color filter thid |s!é'i¢ere%tih@nﬂh&'e@r:§itx%d)s REOW ded eour eSRANGHY da@d Riss pi xel
region 4 and formng a snooth reflection electrode on the flattening |ayer,

the reflect a%qoqn%itstfﬁav,arl%m%te?g%%é Bl %‘?La%ikst‘?iy WA d}%‘bl‘% set in

t he above range, that °I's,” 't he ectance can be set to perdent or
nore, and_the transm.ttance can be sgt in a.range of 4 rcent. to 10

per cent . Rex PP SHARLGY ale Sty 75 U PREBRE f3d BEREAYAhg  he
liquid crystal display of FIG 24 having the 25 above Cs-on-gate structure.

In the case &Fi%qj¢h beaoiesm substantigddy dhrge fides fthatd&f ttdeadd the Cs
capacitance function to the gate line of the previous stage, when the gate

line of a ceracdiar slipd ays and tthe @¢ftexttaynde dag hec dggaropredd upr iteg t he
gate line of the previous stage to s the OFF state in order to suppress
capaclitance 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 S 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
cbtained 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 CS 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



fluctuation. In this liquid crystal display, a constant common potenti al
Vcom of for exanple 5V is applied, and the gate waveform becones a waveform
as shown in the sanme diagram to In the liquid crystal display, the first
gate line 5-1 is first set O\, then the gate potential is fixed at the OFF
potential. Next, the second gate line-542 s set ON. At this tine, a first
gate line 5-1 having the Cs |ine function has been set OFF, and therefore
the held i 5 cieoge e tintgricaingct imgaiciredin it ¢ tthectawe |Wheneigapee t or

Csl (Cs region 93) connected to the first gate line 5-1 through the source
and the drai coflie Thihdotid afatdl,liatd 8 herdi rtlegticdidt al i s deci ded.
Then, the second gate line 5-2 is set OFF and, at the sane tinme, 20 the

third gate line 5-@r4s s N a PhsiPidilof tldGHSEON A LAPAGL tor Csl

expl ai ned above, the held charge is injected into the storage capacitor Cs2

connected to o tedi - iy pi xel tentigl is_ decided.
Note that, i nqlﬁ'éﬁgb%&gs%rall v?inégé‘fn@?hglf%leé]g%%éggg Tett i%ﬁe i%a%% arrow A
direction in FIG 10._Further, - 56, the OFF potential_in this_driving
met hod i s > 3\{1‘5& t PO FREMIRE Gt thg ‘E%i BRI T dpfeRbude a
potential for conpletely cutting the current was a mnus_potential in'Nch
used in the TEtabrfibp aue pRreVidede and Ehe regtesling pArGtie &3 the
TFT portion 91 is on the plus side, a G\D potential can be naturally
brought to thei@FF porenthdéperidenpr cBatrefilention vegiexphavfhethabove
based on the preferred enbodi nents, but the present invention is io not

limted to thpefIdOEisRNEBectPbde N6Z DHOFSTMIMS i WUShEVERFicRt y@&E are
possible within a range not out of the gist of the present invention. The

configurationgpgfet8fchéAWSe CoFSERE 48P PYSe 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 1is

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



expl ained in the above enbodi nents are exanples. The is present invention
is not limted to the above configurations and can be applied to other
configurations. In the third and fourth enbodi nents, exanples of the case
of form ng snooth reflection filns just above the interconnect regions were
given, but it is within the 20 range of44he present invention that a
scattering filmbe fornmed just above the interconnect region to formthe
refl ection redieorefArabigiminegd cabdve aral GG 1D chdvwes pr esad wherent | on,
by setting the transmttance of the display 2s panel of the liquid crystal
display at 4 parcaiNe ISQgHAl line ifRreiinaitd weRfilda 4 hsdefdseahance in
the range from1 percent to 30 percent, it becones possible to deal with a

hi gh definiti 14 SR Hilgh gecuring a display light |um nance equival ent
to that of a]%'l&_s% aycg%\/r?&cyel 5 performng only transm ssion type display and

a reflection displ ldaht. .l um nance required for. di,splay. w.thout.

i ncreasing the pmé%l ecfl scutﬁ'p‘ﬁr%’n uoﬁlrfq'n:t S qs 1T Cr nstt € d:lylsfiﬁlafeq—ll?ﬂ her, by
providing a color, filter covering only io the transnissjion region, it
becones pdssift G MARh& IARFOAF LT M HEANTL TheteI IR 5t ovi di ng
an opening in the color filter corresponding to the reflection region, a
reflection repropefsecuneash rasfd ddrenrforansmi tkangds garedye timorowed .of 15 t he
reflection region for obtaining the viewability of at |east the required

| evel can be redudiremdEmsodimeagstult a |iquid crystal display stressing a
transm ssion type able to secure a |large transm ssion region can be
realized. 20 Furth@dxt Sidi¢CatsMalLE08K avil e 1ol yiorerstad |4 nerwidd con i s

used, the size of the thin filmtransistor TFT

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. 19.

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 2Sc is a
resin layer colored, for example, to R, G, and B by a

25 pigment or dye similar to the first and second



for every pixel can be reduced and the entire area of the reflection region
and the transm ssion region increases. Further, by formng the reflection
filmmade of a netal 2s having a high reflectance or a snooth reflection
film - 58 particularly by forming this just above an interconnect
region, the area of the transm ssion ey an can be increased and both of
the reflectance and the transmttance can be inproved. 5 Accordingly,
accordi ng t oembedpmeaest andydist ifermedn sa dsaltor bkl @ethtedafdcihangessi on
type liquid crystal display, the viewabilities and the col or

reproduci bi | Hikes ekghehh40finiadiely etld drrdiearliay 2adibheat LaRSHhasi on
type display can be inproved. |0 | NDUSTRI AL APPLI CABI LI'TY As descri bed

b , the liqui | diSKl di t [ ti
"prove the SEERABLELLy AR i S e R T Iry 5 W5 e AR

the col or 1 €produci

reflection display and the fransm.ssion type display, so.15 can be applied
to el ectroni Ep%ﬁldg‘lgagﬁséé ﬁfﬂ‘ezgg]ﬁrh& 6’6"%‘{7)‘6’8 ﬁgrié'f'ﬁ%aon%&ﬁlﬁut & §?‘edi spl ays
for car navigation, personal digital assistants (PDA), nobile phones,

di gital camergflestdon Fegicdras. - 59 CLAIMS 1. A liquid crystal

di splay provided with a display panel having a pixel region in whicha
refl ection regi onTher ofiesyilrgy 4y imna eregilonglpravidedd sdedef the tdod o
outside and a transm ssion region for display by Iight froman internal

| i ght source faneear Hanget ifomidl Wen \Hear @ixamplleefthec radenofshidia | i ght

in said display panel by said reflection regionis 1 percent to 30
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 location corresponding to approximately the center
thereof and formed with a ratio 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
colors, 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 29¢, 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



io percent and a transmttance of the light in said display panel by said
transm ssion region is 4 percent to 10 percent. 2. Aliquid crystal display
as set forth in claim1, wherein said display panel is provided with a
focus 15 portion for focusing |ight incident upon said transm ssion region.
3. Aliquid crystal display as set fartgg i claiml, wherein said
reflection region has a function of scattering the incident light. 20 4. A
| i qui d cryst ahedicpeindyngad 0seAdcordinglyg| dinmthe Wheueidn csgistadef | ecti on
region has a function of regularly reflecting the incident light. 5 A

liquid crysta '1&@1,ay;ya%h%e%;if e BiGledion theVdpedlifgS diod Fo@de@Ctinon
region is formed by a netal 2s filmhaving a high refl ectance. - 60 6. A

liquid crystah disRlAY A 58 Sy tv}léh&n(:lt"l’lieg‘a%xx)lé{lmifaﬁi agqp@l or filter is

provided in only said transm ssion region. qui d ¢drystal display as
set forth in _claims 1, wherein the.caolor filter is forned at _a |ocation
cor r espondi nd ¥ ST )?é’lc{ ?céuge' (L)Lt’ﬁf“lé’t?(ﬁ’cgn lé‘pézﬁ\ehd?eifé'efgﬁr%‘d QYRS d
reflection r%%: on of said color filter. 8. Aliquid crystal display as set

forth in él aidhsPlagh&dd P AN BTER n§ % Hormd@agenhd Nagheodildiid i o
center of said reflection region. 9. Aliquid crystal display as set forth

inclaiml, wmrsdiad displaw dwsfamigghdihe enddirec ediarn didd tefr i29cadi at i on
of the light of said |ight source of 500 cd/n2 to 25000 cd/nR2, the anount
of the displ ath ghtthickrfes) ard My tz0 m2erdd/Iniii ff@dreft ifpwind thiossd al
di splay as set forth in claim1l1, wherein, in said display panel, under
condi tions Ofof 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 29c-1 and the color filter 29c¢c-2 can be
easily formed under the same conditions, specifically the
same film thickness, the same material, and the same step,
15 the reflectance in the reflection type display and
further the luminance 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 display, the
luminance in the reflection type display can be improved
by enlarging the 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



irradiation of the light of said anbient |light of 2000 | x to 50000 |x, the
anmount of the display light is 200 cd/n2 20 to 1000 cd/nR2. 11. Aliquid
crystal display as set forth in claiml1, wherein, in said pixel region, an
area of said transm ssion region is at |east 40 percent of the overal

pi xel region, and the area of said reflgrtion regionis 1 25 percent to 60
percent of the overall pixel region. - 61 12. Aliquid crystal display
as set forth neflectianck amitkrzeili,gh dugdindnuexdls megildzedyn aapdruatarneat i 0
of said transmi ssion region is 40 percent to 100 percent of the overal

pi xel region.strebdinty |dhpitkaanfilslidh Y HRaviged Mrdde adispray panel
including a plurality of pixel regions arranged in a matrix on a substrate;

a plurality ofhd rasshidss JPH&RA ' QI Yoainteli 8y AhANndh: dina
matrix; a plurality of gate lines for connecting gate to el ectrodes of the

plurality of it | o s I ] f i gnal. i nes f.or _connecting
first elect r Oc e?n% ﬁ%ﬁs&lﬁsr a ﬂf}!}é#éltdrizf g’%?oar%s% &lérhag'f cealpzfa (?res havi ng
one-el ectrodes connected fo.the second el ectr.odes .of sajd.transistors;

st orage capaci™® °W‘°r‘£{e?'?‘{)rtl'teorﬁf§ﬁ’? rﬁ%‘ﬁ’r‘r’d&f’é‘“@l &G Js of said
storage capacitors; and a liquid crystal |ayer arranged between '

one- el ect r odé&teyrakyigl ity bre| the ransmigfman &yne dimplaat sah deect rodes of
said transistors and anot her-el ectrodes facing those el ectrodes, wherein 20
a reflection imggrarednd a transm ssion region are arranged in parallel in
each pixel region, a reflectance of the light in said display panel by said
reflection regi on Tie logsHireNt4d A Shderceditedingh atd asidnidgaicry of the

light in said display 2s panel by said transmi ssion region is 4 percent to
10 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 outside,
15 so using a circular opening by which the amount of the
reflection 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 circular opening 40 is good, even in the case
where the opening 40 has a polygonal 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



- 62 percent. 14. Aliquid crystal display as set forth in claim13,
wherein said display panel is provided with a focus portion for focusing

the light incident upon said 5 transm ssion region. 15. A
di splay as set forth in claim 13, wherein said transistor

liquid crystal
is athin film

transi stor using | ow tenperature polycrystalline silicon as a sem conductor
layer. 1o 16. A liquid crystal display as set forth in claim13, wherein

sai d refl ect icormesgomalings tchapfpnotimatedfy dhat toanitey tofe

tiheci dent 1i ght.

17. Aliquid crystal display as set forth in claim13, wherein said

reflection regifardiaon lediWicd Axfifaited edd@,| bute el i3 dgici dent
light. 18. A liquid crystal display as set forth in claim13, wherein said

Ol ot o0 e op ol e B TR And IeBAN A o U

A liquid crysta ay as set forth in claim

Jnefé egtyance. 19.

reln ‘acol or

filter is prqvided in only said.trgnsm ssi region. 20. A.liquid crystal
di spl ay as ser-Forth 3 Fiss rﬁtfljieaa}]a eei°r51flt & g%ﬁ%‘rq: T‘%%rtqesq‘frbtﬁﬁ’c?iat a
| ocati on corresponding to said Rixel region, and an opening is 25 formed in
said refl dot i GRTEADIS LA the GPeTiieA0 2t the time &8 quid crystal

di splay as set forth in claim 20, wherein said opening is

formed at the

appr oxi mat e cergrnamigisisg dirsflastt i henrafpns,. mefexablyuiit drsy ficmedl spl ay
as set forth in claim5 13, wherein said reflection region is forned in a
regi on so as to be located at approximately the center of the

reflection region A.
The opening 40 is desirably formed to a

10 enabling easy pattern precision, for example

size

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 pym 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 opening 40 must be not more than the size of the

20

25

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

be the opening width. Specifically, when the opening 40



just above either one of an interconnect region of a gate line, an

i nterconnect region of a data signal line, an interconnect region of a
storage capacitor line, and a formation region of said transistors or a
regi on obtained io by conmbining a plurality of the regions. 23. Aliquid
crystal display as set forth in claim.13g9 wherein said gate |ines and said
storage capacitor lines are separately fornmed. 24. Aliquid crystal display
as set forth is eiaculab, 18t mherbenthbeddampkay, haadawbenomhgabpesiingct ure
where said storage capacitor is connected to the gate Iine of a previous
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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 6 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
20 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 previous stage.

25 The reflection region A of the reflection electrode
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interconnect region and the TFT forming region are used
as the reflection region A; FIG. 2BA shows a case where
only the signal line interconnect region is used as the
10 reflection region A; FIG. 28B shows a case where only the
TEFT forming region is used as the reflection region 2;
and FIG. 29 shows a case where only the gate line 1s 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 one 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, specifically a
region wherein the above gate line 5 is laid or a region
wherein the signal line 6 is laid, a region wherein the

Cs region 93 1s formed, the TFT portion 91 wherein a TFT

25 1is formed, or a region obtained by combining a plurality
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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 region 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 explanation will be given of the method of
driving the liquid crystal display of FIG. 24 having the

25 above Cs-on-gate structure. In the case of such a Cs-on-
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fluctuation. In this liquid crystal display, a constant
common potential Vcom of for example 5V is applied, and
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. Next, 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 into 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 OFF 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.

Note that, in the above driving method, the scan

25 direction is an arrow A direction in FIG. 10. Further,
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a GND potential can be naturally brought to the OFF
potential.
The present invention was explained above based on
the preferred embodiments, but the present 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 film be
formed just above the interconnect 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 to 10
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reflection display light luminance required for display
without increasing the power consumption of the liquid
crystal display.

Further, by providing a color filter covering only

10 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 viewability 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 region can be
realized.

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,
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5 Accordingly, according to the present invention, in
a dual reflection and transmission type liquid crystal
display, the viewabilities and the color
reproducibilities 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, so

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.
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wherein
a reflectance of the light in said display
panel by said reflection region is 1 percent tp 30
10 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
15 portion for focusing light incident upon said
transmission region.
3. A liquid crystal display as set forth in claim
1, wherein said reflection region has a function of
scattering the incident light.
20 4. A liquid crystal display as set forth in claim
1, wherein said reflection region has a function of
regularly reflecting the incident light.
5. A liquid crystal display as set forth in claim
1, wherein said reflection region is formed by a metal

25 film having a high reflectance.
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S. A liquid crystal display as set forth in claim
1, wherein, in said display panel, under conditions of
irradiation of the light of said light source of 500
cd/m* to 25000 cd/m?, the amount of the display light 1is
15 20 cd/m® to 200 cd/m?.
10. A liquid crystal display as set forth in claim
1, wherein, in said display panel, under conditions of
irradiation of the light of said ambient light of 2000 1lx
to 50000 1x, the amount of the display light is 200 cd/m®
20 to 1000 cd/m’.
11. A liquid crystal display as set forth in claim
1, wherein, in said pixel region, an area of said
transmission region is at least 40 percent of the overall

pixel region, and the area of said reflection region is 1

25 percent to 60 percent of the overall pixel region.
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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
transistors; storage capacitor lines for connecting
15 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
electrodes, wherein
20 a reflection region and a transmission 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

percent, and a transmittance of the light in said display

25 panel by said transmission region is 4 percent to 10
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13, wherein said display panel is provided with a focus
portion for focusing the light incident upon said
5 transmission region.
15. A liquid crystal display as set forth in claim
13, wherein said transistor is a thin film transistor
using low temperature polycrystalline silicon as a
semiconductor layer.
10 16. A liquid crystal display as set forth in claim
13, wherein said reflection region has the function of
scattering the incident light.
17. A liquid crystal display as set forth in claim
13, wherein said reflection region has the function of
15 regularly reflecting the incident light.
18. A liquid crystal display as set forth in claim
13, wherein said reflection region is formed by a metal
film having a high reflectance.
19. A liquid crystal display as set forth in claim
20 13, wherein a color filter is provided in only said
transmission region.
20. A liquid crystal display as set forth in claim
13, wherein the color filter is formed at a location

corresponding to said pixel region, and an opening is

25 formed in said reflection region of said color filter.
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21. A liquid crystal display as set forth in claim
20, wherein said opening is formed at the approximate
center of said reflection region.

22. A liquid crystal display as set forth in claim
13, wherein said reflection region is formed in a region
just above either one of an interconnect region of a gate
line, an interconnect region of a data signal line, an
interconnect region of a storage capacitor line, and a
formation region of said transistors or a region obtained
by combining a plurality of the regions.

23. A liquid crystal display as set forth in claim
13, wherein said gate lines and said storage capacitor
lines are separately formed.

24. A liquid crystal display as set forth in claim
13, 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.



