DESCRI PTI ON Substrate with a Spacer, Panel, Liquid Crystal D splay Panel,
Met hod of Manufacturing Panel and Method of Manufacturing Liquid Crystal

Di splay Panel 5 Technical Field The present invention relates to a liquid
crystal display panel and a nethod of manufacturing the sanme, and
particularly to a liquid crystal display panel including a columar spacer
as well as a nethod of manufacturing the sane. 10 Al so, the present
invention relates to a substrate provided with a spacer arranged on the
substrate. The substrate with the spacer according to the invention is
adhered to a substrate opposed thereto, and thereby a constant space can be
kept between these substrates. Background Art 15 A liquid crystal display
panel includes a substrate provi deDESCRIPTIONe el enents for driving liquid
crystal as well as a substrate provided with opposed el ectrodes opposed
thereto, and these substrates are adhered together with their main surfaces

opposed to ea ther wth,a s e of .se al . mcraoneger ebetween. Fig.
11 is a sch_err&EJ Pgtr%ﬁ%&%g’ ggs&aicsﬁzi%f'da}‘ﬁ'ﬂﬁ%Swmaqa%Pgﬁéh%&%QP accordi ng
to 20 a pMaaufRbiring PanblthERethdd of MARLfattdiing Eiguid CrySaePidithy Phay drive
el ements, opposed electrodes and alignnent filmns Tornmed on main surfaces of
substdates. A seal ed space surrounded by two substrates la and Ib and a

seal nenbe,g@é S %i lled with liquid crystal 6. Columar spacers 5 arranged
in this spaBnd Fifd 5 di stance between substrates la and Ib. 25 For

TEpuTcct L 19, U hesgol o Rleynan gl 8 AR b
each ot hermanufnturing thgisame, st patticdRely by a tifeid tonmstA dbplay phrd imhedihge seal
menber nust be filled with the liqud crystal. -1
columnar spacer as well as a method of manufacturing the same. _
10 Also, the present invention relates to a substrate provided with a spacer arranged
on the substrate. The substrate with the spacer according to the invention is adhered to
a substrate opposed thereto, and thereby a constant space can be kept between these
substrates.
Background Art
15 A liquid lcrystal display panel includes a substrate provided with drive elements
for driving liquid crystal as well as a substrate provided with opposed electrodes
opposed thereto, and these substrates are adhered together with their main surfaces
opposed to each other with a space of several micrometers therebetween.
Fig. 11 is a schematic cross section of a liquid crystal display panel according to
20 a prior art. For the sake of simplicity, Fig. 11 does not show drive elements, opposed
electrodes and alignment films formed on main surfaces of substrates. A sealed space
surrounded by two substrates 1a and 1b and a seal member 2 is filled with liquid crystal
6. Columnar spacers 5 arranged in this space define a distance between substrates 1a
and 1b.
25 For manufacturing the liquid crystal display panel, the two substrates must be
adhered together by the seal member with main surfaces thereof opposed to each other,

and a region surrounded by the two substrates and the seal member must be filled with

the liquid crystal,



A vacuum filling nethod has been known as one of nmethods of filling a space
with liquid crystal according to a prior art. In this nethod, two substrates
are first adhered by a seal nenber together with their main surfaces
opposed together while applying a pressure thereto. The seal nenber has an
annular form and is provided at a 5 portion thereof with an opening. Wen a
di stance between the two substrates attains a predeterm ned val ue, the seal
menber is cured, Then, the substrates adhered together are cut into sizes
of a predeterm ned display panel. The substrates thus cut are arranged

i nside a vacuum contai ner, and a vacuumis produced in the vacuum cont ai ner
to produce a vacuumin the space between the substrates. After sufficiently
exhausting 10 aAgaeyum fillingimpihet has\psermknaven & anegdfiméthods afdillingca spdceh t he
openi ng at tgf sgal qﬁnberp and t.he va%u m cont ai ner i.s oPened to an
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suppl ied, the 15 opening at the seal nenber is sealed to store sealingly the

li qui @ cryBarépn thergod with anoepenie. sWhen agisjanse betvwegn throtvwa spbstdates gpeaias ai n t he

vacuum fill] thpd,suffers, froma praobl that the filling.ti
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years, theg@fcaf @ito fze¥RIfAQHedcdérhirbdaisptiydRnddhehé bstBicb adis chiaarddeen
perfornmed for sealingly storing the liquid crystal (see, e.g., Japanese
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el enent s, osed el ectrodes and others.are first rmed. on each of. two
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adhering the two s i s arranged on one o the substrates.
In this optheattunm cdrh&inadabpendiie an asnesphenpy pressthes] Viihehiqaid coysealiing, and i s
25 arranged in a clogsed annular form Drops of a predeterm ned quantity of
li qui d cry&4pplied inpasthg spacsrbebmeenghe substratghyithe pressurgHidfersnse betyeaendhes are
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15 opening at the seal member is sealed to store sealingly the liquid crystal. This method

of sealingly storing the liquid crystal in the vacuum filling method suffers from a problem
that the filling time increases with the size of the liquid crystal display panel.
In recent years, therefore, 2 method called a "drop adhering method" has been
performed for sealingly storing the liquid crystal (see, e.g., Japanese Patent Laying-Open
20 No. 2001-281678). In the drop adhering method, drive elements, opposed electrodes
and others are first formed on each of two substrates. Also, spacers for fixing a
distance between the substrates are arranged on one of the substrates. Further, an
annular seal member(s) for adhering the two substrates is arranged on one or both of the
substrates. In this operation, the seal member is not provided with an opening, and is
25 arranged in a closed annular form. Drops of a predetermined quantity of liquid crystal
are put on one of the substrates. The two substrates are adhered together in a vacuum
with a high position accuracy, and then are exposed to the atmospheric pressure.

Thereafter, the seal member is cured to store sealingly the liquid crystal between the two
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-2 substrates. In the drop adhering nethod, the space surrounded by the two
substrates and the seal nenber is closed by performng the adhesion. Since
this adhesion is perfornmed in a vacuum air does not mx into the space
filled with the liquid crystal, and only the 5 liquid crystal is present
therein. Therefore, by exposing the two substrates to the atnospheric
pressure after adhering themin the vacuum the two substrates are entirely
and uniformy conpressed together by the atnospheric pressure. The seal
menber is conpressed and coll apsed to a predeterm ned thickness. The
spacers define the distance between the two substrates. The prior art has
10 enpl oyed spherical plastic beads or the |like as the spacers. In the
structure pptkaddgi.ng the plastic beads, homever the liquid crystal nmaterial

isS not present | Siti ns wher e he plastic ds are present nd t he
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15 inventi mmz)cumrxeaiidbmtbtarsxsrnaemgaaomﬁﬂedamblsﬂfeatqmdcrystaldpmsmlpgha di st ance
bet ween the  substrates (see, Japanese Patent Layj ng- Open
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| eakage can se Spacers are resis e | | apse
in the di rﬁﬁituﬁarrﬁlfy ubmpeés@@ﬁﬁag@ﬂ;efsgethstahﬁ@srpa&m p@@ﬁr@arnﬁfséﬂrmaﬁbadyant age
that 20 irregularities do not occur in display even when a display screen of
the Ii qui dcmgrsssad andjt@bpsgd tp@riﬁbdﬁtsmpm@stb@&nw a finger or the like. In the

t I d h bead
e G spor aed. oﬂH%W@C#ﬁFﬁE@ﬁﬁﬁﬂfﬁs%'sﬁﬁwﬁ Biguie' s He prBe Al o2
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However, t theplastobeads shweves the h)qmdacrypuabﬂnhmrmlof; noCpresent icpositions iwleagell ar

di spl ay du%t? i.rreqgul ar dispersion or novenent of {he beads.
the plastic beads are present, and the alignment does not occur in such positions so that

leakage of back light, i.e., so-called "light leakage" occurs. In recent years, therefore,
spacers of a columnar form (which will be referred to as "columnar spacers” in the

15 invention) are formed as spacers on a substrate for adjusting a distance between the
substrates (see, e.g., Japanese Patent Laying-Open No. 2003-131238). The columnar
spacers are arranged in a region where interconnections are formed between picture
elements, so that the light leakage can be prevented. Further, these spacers are resistant
to collapse in the direction of thickness of the substrate, and can offer an advantage that

20 irregularities do not occur in display even when a display screen of the liquid crystal
display panel is pressed by a finger or the like.

In the conventional liquid crystal panel, spherical spacers such as plastic beads
are dispersed on one of the substrates before adhering the substrates together for
keeping a constant thickness of a liquid crystal layer between a TFT (Thin Film

25 Transistor) substrate and a color filter substrate. However, this manner suffers from a
problem of occurrence of irregular display due to irregular dispersion or movement of
the beads.

For overcoming the above problem, a technique of forming column-structure
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For overcom ng the above problem a technique of formng colum-structure -3
spacers on a substrate has been devel oped. The col um-structure spacers are
formed by applying photosensitive resin onto the substrate and patterning

t he photosensitive resin by a photolithography nmethod. The col um-structure
spacers can be formed at desired positions on the substrate surface, and do
not nove on the substrate surface so 5 that irregular display does not

occur. Further, the height thereof can be freely determ ned dependi ng on
manuf acturing conditions. However, the liquid crystal material thermally
extends in a high-tenperature state so that the colum-structure spacers
cause irregular display due to nonuniformty in cell gap on the surface.

Japanese Rpi®fl ol Mitigatel bdkh dedRped 4 The Coham-dhithrespabetatk fohged 1 regul ar

10 di splay due to changes in tenperature can be prevented by storing an
el asti c ervragplying photnsenstiverrasin ogisatbe sehstrEgcind glattgming s phpms emsitiveayi ng- Open
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t her ét 0. JhgtamegdarRbhtplaytddeaypongecOpe FuNber, 2eARigh? dtxteofitas bedieslyl osed a

structure jn whi each col umar spacer has a_concave or, flat t ortion
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thi ckness. OB YiRm al'ia;h&térﬁﬁ‘}x? hfgh%}niﬂﬁx%ﬂné Grafd & BROYE cgﬂﬁhﬁi-@trﬁ(ﬁlﬁd%rence has a
nd t he el as e

hi gh aspect ratio, refore 1s less resistant to tic formation
so that t hpacpacamssirregylabdispld) ddemmgatiniforndtysinepll ghp onhld agfase, al i gnment
film and may not function as the spacers. In the nethod gwhich will be
referred to as JapanesgRatentdraysgaDpen ¥p. 2 h47437 baedipelasediibatdhe iregular of

perfoy m ng;.adhesi on after. putting dro of the liqui.d crystal material on
Phe Slst il 3 f0 ofinsft i el 68 B frevirlfy) bu ine S ¥R endBL L 1l ayer
depends onhd bsludlh@spacerdt iHa¥h f Jdpakesk PAtnEILSyiNEOpen Nse20@W-121d3gTAHOr €, when
an 25 inbal ance occurs between the height of” resin spacer and the drop
quantity ci0Bil§d23B hasrdjssiasbd a atruetureon voddume drmdiedphds of spheass bpang fi cal |y,

when a | arcﬁ&ergﬁt%ig%ltjsa&ts%gon% areas are used for preventing the irregular display even
_ when the liquid crystal material shrinks in a low temperature environment or an
15 excessive load is applied thereto. Japanese Patent Laying-Open No. 2002—229040 has
disclosed a structure in which each columnar spacer has a concave or flat top portion for
preventing a display failure due to local irregularities in cell thickness.
However, the spacer disclosed in the above patent reference has a high aspect
ratio, and therefore is less resistant to elastic deformation so that the spacers may be
20 damaged in a step of rubbing an alignment film, and may not function as the spacers.
In the method (which will be referred to as a "liquid crystal drop adhering
method" hereinafter) of performing adhesion after putting drops of the liquid crystal
material on the substrate surface, the thickness (cell gap) of the liquid crystal layer
depends on the drop quantity of the liquid crystal material. Therefore, when an
25 imbalance occurs between the height of resin spacer and the drop quantity of liquid
crystal, an error occurs in display. More specifically, when a large drop quantity of
liquid crystal is used, excessive liquid crystal causes irregular display. When the

quantity is small, vacuum bubbles occur to cause a significant disadvantage. These
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liquid crystal is used, excessive liquid crystal causes irregul ar display.
When the quantity is small, vacuum bubbl es occur to cause a significant

di sadvant age. These -4 vacuum bubbl es often occur particularly during an
operation of adhering the substrates or at a |low tenperature, and early
overcom ng of this problem has been desired. For overcom ng the problem
Japanese Patent Layi ng-Qpen No. 2001-281678 has disclosed a nethod in which
a colum hei ght of a columar spacer is neasured, and 5 a drop quantity of
liquid crystal is controlled based on the neasured val ue. However, when
consideration is given to neasurenent errors, accuracy in control of drop
quantity and changes in tenperature, the nethod disclosed in Japanese

Pat ent Layvigrufnisibble ofte 66cur paAGafrly Sluring as bpdrakdeot adhefing e sabavgepur pose.
Patent reference 1: Japanese Patent Layi ng- Qpen No. 2001-281678 10 Patent

ref erence 2f atyploanenperiireand eaily pyercpaingNg thip pohlers hagleenpgsiesst r ef er ence
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Layi ng- OpeRad\Wisciald 3 RO wiiks & coRbinthefht bPS clOMARY {faBeri® nRaRb&MRdt 0 be

Sol ved by the Invention The col umar spacers are nore resistant to collapse
i n thé hei glromquanttyi afrliqid. erystal is benttdiied basedondhe setswed vilug. hdowbet,r at e)

than plastic beads, and the |ike. The quantity of the appli liquid crystal
G bo. T oot SO BIOPdUEER SHBFGREra PPIS, AStasy Ot EOREELE £rop Hant (o o

crystal, buhd Efankss iflitdhd [ L0, tqggj,ﬁ{_ s to
control 20 aci::uarngt éﬁ)}ét%égwg?eiéﬁ% ﬁ@gﬁg%&gfo é%]dt)lﬂcflg é%ﬂtgta?%%,%an \Earépglglﬁ%)hs occur
i n hei ght @b01-Belarslisinmasufficdemderthe abore pixpoyp) e, vari ati ons of up to about
0.2 mmy Qccur with respect to a _designed value. Therefore, it is

di fficult rateBbretsrencetlndangnesechiaront bayingdnepdio- @014 crystal in -
Fesulte | nPHehlreenctr It e L RO PR A9E Y, (0 T2 And 128
i1 I'ustr at e Pdiestt¥areicede Japahe® PateiiLdy@EIGdealNali2opl aw7pzmel
Patent reference 4. Japanese Patent Laying-Open No. 2003-121857
Patent reference 5: Japanese Patent Laying-Open No. 2002-229040
Disclosure of the Invention
15 Problems to be Solved by the Invel;tion
The columnar spacers are more resistant to collapse in the height direction (i.e.,
the thickness direction of the substrate) than plastic beads and the like. The quantity of
the applied liquid crystal can be readily controlled to apply a strictly accurate quantity of
liquid crystal, but it is difficult in the formation of the columnar spacers to control
20 accurately the size in the height direction, and variations occur in height of the columnar
spacers. For example, variations of up to about +0.2 um may occur with respect to a
designed value. Therefore, it is difficult to control the quantity of the applied liquid
crystal in accordance with the height of the columnar spacers already formed, and this
results in a problem of lowering the display quality.
25 Figs. 12A and 12B illustrate disadvantages of a liquid crystal display panel
according to a prior art.  When columnar spacer 5 has a height lower than a designed

value, the top surface of columnar spacer 5 is not in contact with substrate 1b as shown

in Fig. 12A so that a distance between the substrates cannot be kept strictly constant.
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according to a prior art. \Wien columar spacer 5 has a height | ower than a
desi gned value, the top surface of columar spacer 5 is not in contact with
substrate I b as shown in Fig. 12A so that a di stance between the substrates
cannot be kept strictly constant. -5 This results in a problem of |owering
the display quality. Conversely, when the columar spacer has a height

| arger than the designed val ue, the space surrounded by two substrates |a
and Ib as well as seal nenber 2 is not fully filled with liquid crystal 6

as shown in Fig. 12B, and vacuum bubbl es 28 occur to cause the probl em of

|l owering 5 the display quality. Even if vacuum bubbles 28 did not occur
during the manufacturing of the liquid crystal display panel, the
manuf act ur egiq iUl j : : -he [ i ronnent of
a lowt errpgglgtrtsgg% 91| f}ﬁr\l}ﬁfe@i}ot‘éﬁ@hﬁgﬂl |1 {ljaiy %:ﬂrl@;stg cosnél ér‘i‘gﬂleans1 eCH%Io pr oduce

t he vacuuncdiuinbdrespasen hahaheightdarget tian pheoddseymed ealue the spacd apaoesdedRat ent
Layi ng- Open No. 2001-281678, it _is proposed to neasure the .10 height of the
col urmar  spae @pbstrates 1gand Hhaswell pwsegt wpmberahisiney flly iled wid lquid exystablised on

t he nmeasur . hj L] nt.j.L.y  of
quidor o Fie, 228 b (R RGbES 2okl S Coush B o BRAbBelife

col umgar sprGksplay qudlityl t EvéndRegcuabOsiibbd 28 didsbtsreandlfingQhe MRAGAEIURRg! he
hei ght of the columar spacer in one position so that measurenent of all

t he col ummafthe pigeidresystad idesplay parglythe ovagufactused liquad meyatalwlisplay panal imayibens of
about 0.1 sm,occur _i.n height of the col umar,.gpacer,s .on.the in surface of
the substr dyed o %an‘f‘ﬁ?é*mg?ée% low tef@e’fag’ffﬁi ‘Pé%l“@ﬁ"%-‘r% ggel}}cgnc;gryﬁtﬁﬂ%r@ggﬁe[s i ons
as possi bl &)px%@ﬁcé%@%hwuﬁgb&%ﬁssQS'tHd%ta%irﬁﬂa,rtpP@oléfﬁ%)éc&@ umar spacers, a very

long time is required, and the productivity |owers. 1f the heights of the
col umar spacer In hapeneserPant bayingrOpendo. odI-28 878, itihproposadriagyeashretthe

di st gnce bet.wee he .two substrat 20 | rs. In . particular, such,a nmanner
may g@ enpﬁ?i?%cpr}tqt’l%\‘?ol‘émpgrsﬁéc%?ﬂf’g etgpu%@p FHH)?““E'%‘I’t{th ¢rystabbased aving a
di | sj f i ; i : : bstrate,
ana thon o Sehertdph B it ndhu RECHER pitifod, HETRApMaly Ml oL T

per f or med. ciystat ¢anbecapstedtih acabrdynce wathtthe Yeighit dfithgicaumnysdpatersytatt itbe

controll ed for each . . .
takes about 10 to 20 seconds for measuring the height of the columnar spacer in one

position so that measurement of all the columnar spacers takes a very long time..

15 Meaﬁwhile, variations of about £0.1 pm occur in height of the columnar spacers on the
main surface of the substrate, and therefore, it is required to measure as many positions
as possible. For measuring the heights of the many columnar spacers, a very long time
is required, and the productivity lowers. If the heights of the columnar spacers are
measured in fewer positions, the accuracy of the distance between the two substrates

20 lowers.

In particular, such a manner may be empioyed that a large number of medium or
small cells each having a diagonal size from 1.5 inches to 4 inches are formed on a large
substrate, and then may be cut off from each other. Thus, multiple patterning may be
performed. In this case, the drop quantity of liquid crystal must be controlled for each

25 cell. This requires measuring of heights of a great number of columnar spears, and thus
requires a very long time.

An object of the invention is to provide a liquid crystal display panel that does

not complicate adhering operations, and prevents lowering of the display quality as well
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25 cell. This requires neasuring of heights of a great nunmber of col umar
spears, and thus requires a very long tine. An object of the invention is
to provide a liquid crystal display panel that does not conplicate adhering
operations, and prevents |lowering of the display quality as well -6 as a
met hod of manufacturing the same. Another object of the inventionis to
reduce display irregularities due to irregularities in cell gap on a
surface. Still another object of the invention is to suppress effectively
darmages on spacers due to rubbing processing. Yet another object 5 of the
invention is to reduce the display irregularities due to changes in
tenperature and an excessively large or small drop quantity of |iquid
crystal . Npaingmefhod oPelaviifastuting thy Qlleens In a first aspect of a liquid
crystal display panel according to the invention, the |liquid crystal

di spl ay panel i Asbideebjectof thepavensioads fo redecetdisplayimeglgritiesshigltorember wi t h
10 their main sur.faces, opposed t.o each other, liqui.d crystal .sealingly
stored in 458 ‘Hﬁs@&FlrlS%EB%HS‘tﬁactehe%f’uﬁ“%tg‘ﬁ%?m%ﬂ(%@g%!fda¥?“ﬁ8né%% menber, and
a pluralit - 1 i: SYLr t he
Fup. subst r APRE S SHTNEY daRBRtieati pete Ak roRRIAD HUAUMETOORY Lo

t hat & nunbthe deratidnyisob rdduee thel dispheyrinepalastics dugradhaigeyindempemsas aad t he
position noves froma center_of a display. region toward an 15 outer

peri phery. YERFESySHRrEsorshal deen geantffyeo W‘g‘?rbﬁi?’lde the liquid crystal
display pgfihs k5128 lgi?ngsthgg}oﬁﬁﬁgl i cate the adhering operations, and
prevents | owering )i e Ispllay quality. In a second aspect of the liquid
crystal displ aylpafist asecost iingid erystabdibplaepineDascordifetd the iivéntiony, shal

di spl ay panel includes two substrates fixed together g/ a seal menber 20
wit h thei r igiid arysist display peshinshides ovasubstraten fixed fogethpubyz jeal mrembenmithg| v

t i i. d b he t bst r at t | . nber, d
o bl Pl { ¢ elsebiB Pttt SHRSEEu tach Pt WO RO okl iRl by the
two substr giresundBdiby R t9aubARARSInd thé\sdal HiRbed 8RS h hlurflity b SolGRIngFMar
spacers in a first region near an inner side of the seal

spacers arranged in the region surrounded by the two substrates and the seal member.

The column spacers are arranged such that a number density of the columnar spacers
gradually decreases as the position moves from a center of a display region toward an
15 outer periphery. Employment of this structure can provide the liquid crystal display
panel that does not complicate the adhering operations, and prevents lowering of the
display quality.
In a second aspect of the liquid crystal display panel according to the invention,
the liquid crystal display panel includes two substrates fixed together by a seal member
20 with their main surfaces opposed to each other, liquid crystal sealingly stored in a region
surrounded by the two substrates and the seal member, and a plurality of columnar
spacers arranged in the region surrounded by the two substrates and the seal member.
A number density of the columnar spacers in a first region near an inner side of the seal
member is smaller than that in a second region inside the first region. Employment of
25 this structure can provide the liquid crystal display panel that does not complicate the
adhering operations, and prevents lowering of the display quality.
1n a third aspect of the liquid crystal display panel according to the invention, the

 liquid crystal display panel includes two substrates fixed together by a seal member with
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menber is smaller than that in a second region inside the first region.

Enmpl oynent of 25 this structure can provide the liquid crystal display panel
that does not conplicate the adhering operations, and prevents |owering of
the display quality. In a third aspect of the liquid crystal display panel

according to the invention, the Iliquid crystal display panel includes two
substrates fixed together by a seal nenber with -7 their main surfaces
opposed to each other, liquid crystal sealingly stored in a region

surrounded by the two substrates and the seal nenber, and a plurality of
columar spacers arranged in the region surrounded by the two substrates
and the seal nenber. A nunber density of the columar spacers in a first

regi on eXCHRl o st Al Bbed ROLAA oter TP RE B BBled R adcgBRONT, 0l O

outside the first regio yment of structure can pro e the

| i qui d crysafredundedsipy thy tparsabsttanstandaks seabinemben hnd apiirdlive of eslhamang
operations, and prevents |owering of the display qual i;ﬂ%' In a fourth aspect
of the |iqtRagersalrangad iptheyegion surigundsd byrtae Ay supstiaies ppd thersedlimembele | i qui d
crystal di (=Tel RS I | t - I
menber 10%\%@?@ efﬁ%?lrty rc%gl&ﬁ%gur g\é\ge%a%g%;%gg%&tsr Sélééggcek?ﬁgrabﬁﬁl u{eglogﬁgst al

seal i Bgly shdllee thannha ifi € gecnd $egio® URURIE thy fifshfegioho Ewpivhnesf e t he seal
menber, and a plurality of columar spacers arranged in the region

sur r oundedstBictymean pepvidebe Hauid srystad display pars! thas dpes not cppwliedde dhhar spacers

i nclude a first colummar _spacer and a. secgnd..col um spacer being higher
than the f P#hs?pn%SPffﬁﬁg % . grgye%&yqnggé)?@?entals (4 ‘F"B’%E’Y The first columar 15
spacer is arranpegfduttheaspédt SF tHeSRuRNcQAN dighlay pHREY aceb¥Engo the fR8@bn, MENDET

"
and a second region located inside the first region, and the secon
col umar spedigpid erysalrdisplpydanel in¢ledessmoonbistrates fived tegghernbysrseabmembers

strucfure ca rovide the liquid crystal displa anel 1hat does not
conpl bc at ewftﬁéﬁeéﬁ’i’i‘é‘l‘_ i SHBJ;‘EFﬁé’Pg‘Pﬁegﬁg ,egéhﬂthﬁ"r» l‘g\é‘ﬁtc\éfsﬁﬁ 8 58?“"& He2 I Shl ay
quality. 2Qddhnded bi ﬁ{e t%&ﬁﬁl‘thﬂés #hdThRE Qé)aﬁinféﬁﬁ@?i"&lﬂ ﬁ%ﬁh‘&l’i O Bolubff d Crystal
di spl ay panel according to the 1nvention, the net I nCludes a spacer
form ng st emcefs atrangedng theeionsarroandeidiysthe fwo sebsarates ahd tief sehlvwnembérst r at es
to be adhered together. The spacer
The columnar spacers include a first columnar spacer and a second columnar spacer
being higher than the first columnar spacer when receiving no load. The first columnar
15 spacer is arranged in a first region near an inner side of the seal member and a second
region located inside the first region, and the second columnar spacer is arranged in the
second region. Employment of this structure can provide the liquid crystal display
panel that does not complicate the adhering operations, and prevents lowering of the
display quality.
20 In a first aspect of a method of manufacturing a liquid crystal display panel
according to the invention, the method inciudes a spacer forming step of forming
columnar spacers on one or both of two substrates to be adhered together. The spacer
forming step is configured to form the columnar spacers such that a number density of
the columnar spacers decreases as the position moves from a center of a display region
25 to be formed toward an outer periphery. By employing this method, it is possible to
manufacture the liquid crystal display panel that does not complicate the adhering

operations, and prevents lowering of the display quality.

In a second aspect of the method of manufacturing the liquid crystal display
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formng step is configured to formthe columar spacers such that a nunber
density of the columar spacers decreases as the position noves froma
center of a display region 25 to be fornmed toward an outer periphery. By
enploying this nethod, it is possible to manufacture the liquid crystal

di spl ay panel that does not conplicate the adhering operations, and
prevents lowering of the display quality. In a second aspect of the nethod
of manufacturing the liquid crystal display -8 panel according to the
invention, the nmethod includes a spacer form ng step of form ng col umar
spacers on one or both of two substrates to be adhered together, and a seal
menber arranging step of arranging a seal nenber on a nmain surface(s) of one
or both o : : 3 step
s cont i guPSi fes R [EHE mycunE (RERCIEH AR} HShoce] REnERESiEg o RURAD, 01 OF

t he col umeslusiparcspasers on ané or sdthrof givoBubstrates t@be adieeed igdthenfantdlacsesleal
menber is smaller than that_in a second region inside th? first region. By
enpl oyi ng MEMOCHATHSIS step ofarraygwg 3 seak aemben on Acnaip surfare(s)iof ang o8 POy 4

di spl ) N , .
B e e L e L
manuf &ct ur tregolurenar stk satly thath ndinb§ ddnsipadtthe calaf@atipagers tn 4 ifiestirggiemt i on,

t he net hod includes a sFacer formng step of formng columar spacers on
one or bot ReaRNIRRST sidp ot thetsed mesnbss 1nurieathan dhyps i pecopd segios mgide thenber

i f i I ] i f S). pf
bot ot 1 B Eeaitn B UGG ERen iR T B petif B BRI 3 ki ep i <
confi gur ed display QhiBl #hat HP&s R UAPREatS RRGANSrinpUSHRritdaS, adpréRats IdeRAhE ¥r of the

col umar spacers in a first region avoiding a display region to be forned
i s smal | er theirhsplayhqualityn a second regi on outside the first region. By

| QWi t hi thad, i1t | i ble_t f.act t | i.qui |
a Spiy "panel "t Kt ackasPRS ot B RRIEL SE e RS 117 PR B er event s
| owering Ofaccotréﬂﬁ%igd Rl Pﬂfgf}lthé iﬁetq% ihduddie sﬁ%r%\‘?oar'ggx?(%ﬁ% 8f‘fo(§ i et hod

includes a litquid crysta op applying step Ing a drop of liquid
crystal tocoomnarspacérk onbné bebdthof swb stbsataes to daddlidned taggther and a seal

member arranging step of arranging a seal member on a main surface(s) of one or both
of the substrates to be adhered together. The spacer forming step is configured to form

15 the columnar spacers such that a number denstty of the columnar spacers in a first region
avoiding a display region to be formed is smaller than that in a second region outside the
first region. By employing this method, it is possible to manufacture the liquid crystal
display panel that does not complicate the adhering operations, and prevents lowering of
the display quality.

20 In the above invention, the method includes a liquid crystal drop applying step of
applying a drop of liquid crystal to one or both of the two substrates, and the liquid
crystal drop applying step applies a smaller amount of liquid crystal than a calculated
value obtained when the two substrates are parallel spaced from each other by a distance
of a designed value. Employment of this method can prevent lowering of the display

25 quantity more reliably.

In a fourth aspect of the method of manufacturing the liquid crystal display panel
according to the invention, the method includes a spacer forming step of forming

columnar spacers on one or both of two substrates to be adhered together, and a seal

.9.



crystal drop applying step applies a smaller anmount of liquid crystal than a
cal cul ated val ue obtained when the two substrates are parallel spaced from
each other by a distance of a designed val ue. Enploynment of this method can
prevent |lowering of the display 25 quantity nore reliably. In a fourth
aspect of the method of manufacturing the Iliquid crystal display panel
according to the invention, the nethod includes a spacer form ng step of
form ng columar spacers on one or both of two substrates to be adhered
together, and a seal -9 nenber arranging step of arranging a seal nenber on
a main surface(s) of one or both of the substrates. The spacer form ng step
Is configured to forma first columar spacer in a first region near an

i nner si dem@hbdrherasigiag s@ﬁ@ﬁfran%ﬁ@a%@al fnudBet BE a ikl durfaRbWIBP6ne SPEGRT and a
second col umar spacer higher than the first col ummar spacer in a second 5
regi on i nsifdke substrites.stThespaaen forByngstpp Gydonfjgired $o fortheofirst calummapsmsehl e to

manuf act ur.e he liquid crystal display panel that does not cqonplicate the
adher i ng dﬁérf%%tirs&*g? negdn %}%@@ﬁ@é theotrel ﬁ‘&g‘iﬁ apdhie fﬁ%&%@fﬁﬁﬂfﬁp—my{ A
substrate r n?(i]'ﬂf". A | NGl 4P spacer
formed on %%&gﬁ%?t% ?got%g,cggln tﬁ%&\égggg%}%@ﬁlggﬁ ﬁ%gglt a ?éa{rcg{ ﬁsd;%gg?d portion
and a5 secamgion ifsidethe €irst pegidn. 0By emipleying oy @ethba, it isrissiblpac etanpichiren. An
upper portion of the first spacer portion has a |arger dianeter than a

bot t om of e daaidcoystal displaw papsd that daes motcomphiette theradherngeparations; ard  spacer
portion prﬁkggn@ﬂo%eﬂﬁgoth%r&%yag@Lﬁiroundi ng the second spacer portion in a
at “an uppe

pl an vi ew. sum ng u p%/rtion of the spacer has a dianeter of C
and the spacer Alkbbdtage witheispiter of tHd ifivedfibh BRIl & eubstrate!dhd akpacsr portion,
it is preferable that the spacer has a dianmeter of (1.8 x C) or nore at the
bott om ani@redonthei sahwrase, apd thielspasenhacht least 2| fisstsspager gorfingad fecond 85 x H)

fro he bottom of the spacer. nel of the ipvention_ has e-substrate
w thi0ne opaed Pofon REmed BERE SRR RFRost bt A e PR BRI BEaRE t ne
substrate atdt dobforSRAGkrgeAMdmRtel Wiald It dFRbethe dbcotd sbﬁ’dé?!:oi‘twn.er posed

bet ween the substrate with the spacer and the opposed substrate. The

The upper portion of the first spacer portion preferably has a groove surrounding

the second spacer portion in a plan view.
Assuming that an upper portion of the spacer has a diameter of C, and the spacer
15 has a height of H from the lbottorn to the upper portion, it is preferable that the spacer
has a diameter of (1.8 x C) or more at the bottom, and has a diameter of (1.05 x C) or
less at a height of (0.85 x H) from the bottom of the spacer.
A panel of the invention has the substrate with the spacer of the invention, an
opposed substrate opposed to the substrate with the spacer, and a function material
20 layer interposed between the substrate with the spacer and the opposed substrate. The
function material layer includes a layer having a light transmittance modulated by a
potential difference between electrodes opposed to each other, and a layer emitting light
by itself according to a current flowing between the opposed electrodes. For example,
the function material layer is a liquid crystal layer, inorganic or organic
25 electroluminescence (EL) panel, light emission gas layer, electroluminescence layer or
the like. Therefore, the panels of the invention include a liquid crystal panel as well as
inorganic and organic panels.

A method of the invention is a method of manufacturing a liquid crystal display
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CRR

function material layer includes a |layer having a |light transmttance

nodul ated by a potential difference between el ectrodes opposed to each
other, and a layer emtting light by itself according to a current flow ng
bet ween the opposed el ectrodes. For exanple, the function material |ayer is
a liquid crystal layer, inorganic or organic 25 electrolum nescence (EL)
panel, |light em ssion gas |ayer, electrolum nescence |ayer or the |ike.
Therefore, the panels of the invention include a liquid crystal panel as
well as 1inorganic and organic panels. A nmethod of the invention is a nethod
of manufacturing a quuid crystal display -10 panel in a liquid crystal drop

adheri ng mann he, net h he inventi the ste f formng
a frame-1li l%aéw‘alélaal %rg;taf;%og ag DL e 'éu%gg&%b#d‘%ﬁge 8‘?’39}1 P@B&@F%t e wth
a spacer apds s@pmm§ﬂ%&nlﬁé@ea1aﬁmwaﬂa@uﬂsquws@rfaée@m{e6\164erlal to an
i nside of a frarre of the seal nenber; and adhering the substrate with the

spacer andsubltrats mﬂpmwdemﬁ%mpesddaghttt@c applyngranhiqaiid ¢nystalimeteyist &l arl ayer .

Ef fects of entiqn, The inventio an provi de the uid crystal

di spl ay pa}’i‘é‘pef’hﬁ thipgeal ‘BE‘HE‘F"P E%‘{]%‘ﬁ'teﬁ sy iRlicn WHEI‘ PREET X‘KL@ prevent

manaf Sctur PR E S*%Qh?’tf’%ﬂéfééﬁ?ﬁﬁqﬁ% P e ot “the i nvent i on,  un
g'to an ect of the invention, uniform

cell gaps Eﬂhctbefolmaiw&ﬁdomn the surface. According to another aspect of

the invention, danages. on the spacers due to bb|n ocessi ng can be
ef fectively supp ﬁ%ggfserlorsaamwma%othﬁéwum@ldeﬁpatyrpénﬁ% ﬁB@meaﬁot it is

possi ble t i re and
o excoss RAPiARaNCRSMY oo B Bhi bhBniliFeih GHAPRRRR BARSP R O
Descri pti oﬂs@ﬁrdvﬁ&etﬁémmSofEm@ufaMhdng the Sadieemati ¢ cross section of a first
|IC]UI d crystal display panel of a first enbodinment. Fig. 113 is a schematic

pl an 18f the fi r dccoidygita agpgrechpl @FgmeavorpM¢%ﬁelkmsm Be obtained dintheit

surface. According to another aspect of the invention, damages on the spacers due to
rubbing processing can be effectively suppressed. Still another aspect of the invention,
it is possible to reduce display irregularities due to changes in temperature and an
excessively large or small drop quantity of liquid crystal.
15 Brief Description of the Drawings
Fig. 1A is a schematic cross section of a first liquid crystal display panel of a first
embodiment.
Fig. 1B is a schematic plan of the first liquid crystal display panel of the first
embodiment.
20 Fig. 2A is a first plan illustrating arrangement of columnar spacers of the first
embodiment.
Fig. 2B is a second plan illustrating arrangement of columnar spacers of the first
embodiment.
Fig. 3A is a first schematic cross section illustrating operations and effects of the
25 liquid crystal display panel of the first embodiment.
Fig. 3B is a second schematic cross section illustrating operations and effects of
the liquid crystal display panel of the first embodiment.

Fig. 3C is a third schematic cross section illustrating operations and effects of the
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20 Fig. 2Ais a first plan illustrating arrangenent of columar spacers of
the first enbodinent. Fig. 2B is a second plan illustrating arrangenent of
col umar spacers of the first enbodinment. Fig. 3Ais a first schematic
cross section illustrating operations and effects of the 25 liquid crystal
di spl ay panel of the first enbodinent. Fig. 3B is a second schematic cross
section illustrating operations and effects of the liquid crystal display
panel of the first enbodinent. Fig. 3Cis a third schematic cross section
illustrating operations and effects of the -11 liquid crystal display panel
of the first enbodinent. Fig. 4Ais a first schematic plan of a second
liquid crystal display panel of the first enbodinent. Fig. 4Bis a second

schematic ]R[u@crggtap&[@p@@?é}ﬁgoﬁthglﬁ}g_eﬁibmﬁ@mdi splay panel of 5 the first
enbodinent. Fig. 5 illustrates a third liquid crystal display panel of the

first enbodi menkig. #Ags a first k¢thesmatiaplas of arvecdnddiqoid erpstaifdisplayrpangl offithe | i qui d
crystal diﬁpl al%cf) nel of the first enbodinent. Fig. 7Ais a first schematic
cross sect f§hemy FMati ng a manner conpressing a 10 col urmar spacer. Fig.

7B is a second gghggad gl i i sing a
col umar spacerﬁgFi g. %%Cﬁé&)g&ggﬁg%ggpglfﬁeg%gsﬁ%@oﬁygﬁp g‘%@%ﬁ%??ystal
di spl &y pamelfirgafemboddemnd enbodi nent. 15 Fig. 8B is a schematic plan of the

liquid crystal di sgl_ ay panel of a_second_ enbodinent. Fig. 9A is a first
pl an i1l ustratikg aHlusiatenaduedhiiqud etysiabdisplanpatel ebthg drd embediaens. i n t he

second embodi maﬁh: 6 illustrates a method of manufacturing the liquid crystal display panel of the
first embodiment.
Fig. 7A is a first schematic cross section illustrating a manner compressing a
10 columnar spacer.
Fig. 7B is a second schematic cross section illustrating a manner compressing a
columnar spacer.
Fig. 8A is a schematic cross section of a liquid crystal display panel of a second
embodiment. ]
15 Fig. 8B is a schematic plan of the liquid crystal display panel of a second
embodiment.
Fig. 9A is a first plan illustrating an arrangement distribution of columnar spacers
in the second embodiment.
Fig. 9B is a second plan illustrating an arrangement distribution of columnar
20 spacers in the second embodiment.
Fig. 10 illustrates a method of manufacturing the liquid crystal display panel in
the second embodiment.
Fig. 11 is a schematic cross section of a liquid crystal display panel according to
a prior art.
25 Fig. 12A is a first schematic cross section illustrating disadvantages of the liquid
crystal display panel according to the prior art.
Fig. 12B is a second schematic cross section illustrating disadvantages of the

liquid crystal display panel according to the prior art.
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Fig. 9B is a second plan illustrating an arrangenent distribution of
columar 20 spacers in the second enbodinent. Fig. 10 illustrates a nethod
of manufacturing the liquid crystal display panel in the second enbodi nent.
Fig. 11 is a schematic cross section of a liquid crystal display panel
according to a prior art. 25 Fig. 12A is a first schematic cross section
illustrating disadvantages of the liquid crystal display panel according to

the prior art. Fig. 12B is a second schematic cross section illustrating
di sadvantages of the liquid crystal display panel according to the prior
art. -12 Fig. 13 is a cross section schematically illustrating a liquid

crystal display panel using a substrate with spacers of a third enbodi nent.

Fig. 14is a crﬂgsw&_catdress @@tirtﬁmhézﬁaidagyﬂ SNt Diquad cigithiedigsidy pamdie a
spacer 105 of the third enbodinent. 5 Fig. 15 is a plan of spacer 105 of
t he third esieoisubsiate withyspasgs pfa thiggreagiodimenist r at i ng | oad- di spl acenent
characteristics_.of acer 105.of . the.third embodinment. Fig., 17 is a cross
section schemntF'8ald | B FEO shemaicaly§iovie o an enlaeed Seilsiseaves,

conmpar i sonyoslérihd thirdl@nbifedtr 0SS section for illustrating sizes of spacer
105 of the third enbodinent. Fig. 19 is a cross section schematically

showi g a substFigt &5 wia glas phspace 1606 of thef third tembedincit.nent . Fig. 20 is a plan
of the substrate wiih spacers of. the fourth enbodi ment, 15 Fig. 21A |s a

pl an (upper) anﬁgm%}S@s&raglét!wtaﬁmsH%ﬂe&lﬁpigmﬁﬁha&ﬂwﬂgﬁemar@eral053 cer of
afifth en;;ﬂ q_iﬁi‘qﬁé}hbodfhgm 21B is a plan (upper) and a cross section (lower)

schematically showng a

Fig. 17 is a cross section schematically showing a spacer 150, which is an
example for comparison.
10 Fig. 18 is a cross section for illustrating sizes of spacer 105 of the third
embodiment.
Fig. 19 is a cross section schematically showing a substrate with spacers of a
fourth embodiment.
Fig. 20 is a plan of the substrate with épacers of the fourth embodiment.
15 _ Fig. 21A is a plan (upper) and a cross section (lower) schematically shO\;ving a
spacer of a fifth embodiment.
Fig. 21B is a plan (upper) and a cross section (lower) schematically showing a
spacer of a sixth embodiment.
Description of the Reference Signs
20 la and 1b: substrate, 2: seal member, 3: glass substrate, 5: columnar spacer, 6:
liquid crystal, 7: picture element, 10: driver, 28: vacuum bubble, 29: high columnar
spacer, 30: low columnar spacer, 31: high-density region, 32: low-density region, 33:
high-low spacer arranged region, 34: low spacer arranged region, 35: display region, 38:
liquid crystal storing region, 39: BM region, 40: compression width, 50, 51 and 52:
25 arrows, 101 and 102: substrate, 103: peripheral seal member, 104: liquid crystal layer,
103: spacer, 105a: first spacer portion, 105b: second spacer portion, 105¢: groove, 150:
spacer

Best Modes for Carrying Out the Invention
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spacer of a sixth enbodi nent. Description of the Reference Signs 20 |la and
1b: substrate, 2: seal nenber, 3. glass substrate, 5: colummar spacer, 6:
liquid crystal, 7: picture elenment, 10: driver, 28: vacuum bubble, 29: high
col umar spacer, 30: |ow columar spacer, 31: high-density region, 32:

| ow-density region, 33: high-Iow spacer arranged region, 34: |ow spacer
arranged region, 35: display region, 38: liquid crystal storing region, 39:
BM regi on, 40: conpression width, 50, 51 and 52: 25 arrows, 101 and 102:
substrate, 103: peripheral seal nenber, 104: liquid crystal |ayer, 105:
spacer, 105a: first spacer portion, 105b: second spacer portion, 105c:
groove, 150: sggceﬁ %e&; des for Carrying Qut the Invention - 13 (First
Enbodi nent) Ref €t HEPPEEREs. 1A - 7B, description will now be given on a

liquid crystal REﬁeﬁ'ﬁl@)’) RNeh 2 RaRBA%iRhofER i@&ltd{f%flf}gjfi& BRsBaMe Of a

first enbodi ment of the Tnvention. 5Figs. 1A and 1B 11 rate a first

| i qui d crydisEhy pirebaalya metheld of inanbicening diensante. of afirgtsembodiimend dfBhar e a
schematic cross section and a schematic plan, respectively. As shown in
Fig. IA tWe¥@¥Bstrates la and |b are adhered and fixed together by a seal
menbeg 2. Subst g, | | ] LNy ' i enent s
and o'EEJ her s, an@gé'ﬁlb‘%?rrlda?%QF@%%%%gﬁrrg%}f@ﬁe%crg?taw@M%ﬁﬁﬁj%lsétt?lgggl%\?maﬁe%gppos ed
el ect r odesFighatA sitbVB hreldschbfhaid HRESsecin bt S EchRRAGE plah, feSificVelsUr A9unded by
two substrates |la and Ib and seal nenber 2 is sealingly filled with Iiquid

crystal 6. showmdniFig. de\, two swestratesdeand dhereaiharad andificed togsther byre sehlt h a space
et ebet Ve VEIRG SRIEE SoBa PR 0k ARG RER B, 2,
00,0 1V E e SiMTIRLSSBieh Ay Ll ALY a0
firstlOl i quaml atherst ahn dinepsprye paregioncfurioninded by two substrates 1a and 1b and seal

member 2 is sealingly filled with liquid crystal 6. Substrates 1a and 1b are adhered and

fixed together with a space therebetween. Columnar spacers 5 determine the distance

between the two substrates.

Columnar spacers 5 are arranged in the region filled with the liquid crystal.

15 Columnar spacer 5 has a circular cylindrical form, and has upper and lower surfaces in
contact with the respective substrates. The first liquid crystal display panel of this
embodiment includes a low-density region 32 serving as a first region near an inner side
of seal member 2. It also includes a high-density region 31 serving as a second region
inside low-density region 32. A number density of columnar spacers 5 in low-density

20 region 32 is smaller than that of high-density region 31. Thus, the region surrounded
by seal member 2 is formed of the two regions, and the number density of columnar
spacers S in the inner region is higher than that in the outer region. Seal member 2 is
arranged along the outer periphery of substrate 1b. For example, low-density region 32
in Fig. 1B extends a width of 3 mm from seal member 2 toward a center of the display

25 region. In high-density region 31, the distance between substrates 1a and 1b is
substantially constant. Conversely, the distance between substrates 1a and 1b in low-
density region 32 is substantially constant or gradually decreases as the position moves

outward from the center of the display region.
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enbodi ment includes a |lowdensity region 32 serving as a first regi on near
an inner side of seal nenber 2. It also includes a high-density region 31
serving as a second region inside |lowdensity region 32. A nunber density
of columar spacers 5 in lowdensity 20 region 32 is snaller than that of

hi gh-density region 31. Thus, the region surrounded by seal nenber 2 is
formed of the two regions, and the nunber density of colummar spacers 5 in
the inner region is higher than that in the outer region. Seal nenber 2 is
arranged al ong the outer periphery of substrate |Ib. For exanple, |owdensity
region 32 in Fig. 1B extends a width of 3 mmfrom seal nenber 2 toward a
center of the display 25 region. In high-density region 31, the distance
bet ween subst r aFies. 24 aad@Blibuitsite & stbetaintiaagdment ofistlamnar spacereSseFig, t he

di st bet t L dlbin low d it [ 32 i

R VO CNE W CVENEMET A TR LIS Y
fromthe CeRjfinaPlpdcafs FArsRkaN Jd%ﬁ'iﬁ@rcoﬁ&eétig?:ﬂ?}io:%g‘gm ABohhddiRkrate a
state of arrangema%t of” Col URMAT spacers S. Hi 0. IS a plan o

hi gh- densi tytweegpturd tlennts. FTHe nidBbdr Heasity! dRoRimna®¥padenS drangedir0high.
Col utmar spacers 5 are arranged in interconnection regions fornmed at
bounddr i es density iegien Pl éstlatger Biap thamumber density o eplugwassnagersS aceAngadhlr spacer s

5 arranged,in high 5 .densit egion 31 s larger,than e nunber density of
col urmar sﬁoﬁ'(g?l?%g rféglf’%ﬁg‘ec}\n/itﬁe ﬁlﬂ‘ﬂ&f‘é’éﬁﬁ‘f’g}w gﬂ}ebh‘agﬁ‘.cf“pﬁs t?'ﬁé’“ﬁl‘{?ui d crystal
di spl ay pagRmehfidhct R ,%%.,tﬂ%n@hﬁﬁﬂ&l §ize 6 EMERhan8atieRAMENSG 6 £l . A
| ongi tudi nal size of 115 mand a |ateral size of 65 m columar spacers 5
each havi ngolamggmspates Safach Bavingm diametesiofh® pof and. Bhesght af 4. Sarm argetanged t he
hi gh-densit%t r %\po(? at a rate of one col umar spac icture

€

r for, fiv
el enents. 1 SOy regiqh 4t gdetedihoae Aelmpar sRarerfos fvwpicture e eniip
colu rs : i _ . i : r ; ranged
NIRRT SRYGEESely il i 189-ddiSity 3 Orsﬁ?é’ﬁ iR bAr %lﬁéﬂe%geé?ﬁgagég tied

at a rate of one col umar spacer picturé e ntity of
t he |i qui dsamy sit@dndsfeadias gheyatmive archriangediat rabodf srerdoluntnas spaglet For 15smal | er
than a value which is cal cul ated when the two substrates are parallel and
spaced 15DPKjurg egmentince of a desi gned val ue from each other (and will be

referred to as gy, %h%ﬂﬂ?rogthe liquid crystal sealingly stored in the embodiment is slightly

smaller than a value which is calculated when the two substrates are parallel and spaced

15 by a distance ofa designed value from each other (and will be referred to as a "standard
liquid crystal calculated value" hereinafter). In this embodiment, the quantity of the
liquid crysi:al 1s equal to 96% of the standard liquid crystal calculated value.

Figs. 3A - 3C are cross sections illustrating operations and effects of the first

liquid crystal display panel of the embodiment. In the drop adhering method, the drop

20 quantity of liquid crystal can be strictly adjusted, but it is difficult to provide the
columnar spacers accurately having a designed height. Therefore, manufacturing errors
are liable to occur in height of the columnar spacers. Fig. 3A is a cross section of a
structure in which columnar spacers 5 accurately have a designed height. In this
embodiment, the quantity of the stored liquid crystal is 96% of the standard liquid

25 crystal calculated value, and thus is slightly smaller than it. Columnar spacer 5 is
resistant to compression in the height direction, but can be slightly compressed. As
shown in Fig. 3A, therefore, the main surfaces of two substrates 1a and 1b are parallel

to each other in high-density region 31 because columnar spacers 5 are arranged there at
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liquid crystal cal cul ated value" hereinafter). In this enbodi nent, the
quantity of the 1liquid crystal is equal to 96% of the standard |iquid
crystal calculated value. Figs. 3A - 3C are cross sections illustrating
operations and effects of the first |Iliquid crystal display panel of the
enbodi nent. In the drop adhering nmethod, the drop 20 quantity of liquid
crystal can be strictly adjusted, but it is difficult to provide the

col umar spacers accurately having a designed height. Therefore,

manuf acturing errors are liable to occur in height of the columar spacers.
Fig. 3Ais a cross section of a structure in which columar spacers 5

accuratel y, have a desiagned height,. Ln this,,embodi ent, the antity of the
Stored i o Biep rGRPEARERE R L pmed et G dolmaR sia0Eed Hal el at ed
val ue, anchrfaRp&d 4tghélovdhihderd@atityCthel diiihck betvidth ¥RBaLbRARGE ad b T esi stant
to conpression in the height diréction, but can be slightly conpressed. As
shown in Firgduaipdedrbases iothe positien maives Somfthe emtafofithwdisplby tegisretowlard and | b

are parallgl to each other in high-density region 31 because col ummar
spacers 5 f guigrp @ there at - 15 the high nunber density. In

| ow-density regg ' . : tq; | ow
nunbg$ densi ty%ﬁ%gﬁF@ﬁec%g{%@ég{eﬁ}g%ﬁﬁ@éﬁ éegeﬁlé{egn %’gth%gdrl% Al | y
decr eases tmswednawpaabittades hpangsibfis oonstdne noemilein Kigh-dbssitgiregibm B 1beghka t owar d
the outer periphery. 5 Wen col unnar spacer 5 has a height |ower than the
desi gned VBHQHE-densify region 34 @s shayet indds 3Bwo Sineeselumnas spagersichavis & smalbnst ant

not only H&bé]'lltggfsqu&h{‘é/ reﬁﬁggs%nsp;ée R 8&@%@ %oiu%ags]{i?cie{%il érﬁc?i;son 32 as

shown in nce col uma pacer s e a sha this

structure fe@uads B sbatfed Nvdnd 1H Hafsealenenber 20l CoNRGUERIHC HeSntenasd i S
surrounded by substrates |a and | b ‘and seal nmenber 2. Consequently, the
i nt ebded 1mnallmuantityefatoredlipid srystebanbptanfidlly meatohes atithsthp yokume of the spaseches

nerber 2, ORI e RoeRry et T A i A B i o ek B "par a1
have he o A D o B e ween
substrates | a aWdlet forohed cohsmar spacem W ldee ﬂidheiémgirgﬂ tB&h ths defigned value,
the distance between substrates la and 1b decreases in low-density region 32 as the
15 position moves outward from the center of the display region as shown in Fig. 3C.
Liquid crystal 6 filling the space surrounded by substrates la and 1b and seal member 2
decreases in quantity. In high-density region 31, the number density of columnar
spacers 5 is higher than that in low-density region 32 so that the distance between
substrates ia and 1b becomes substantially constant in high-density region 31.
20 Conversely, in low-density region 32 containing columnar spacers 5 at a low number
density, the distance between substrates 1a and 1b gradually decreases as the position
moves outward from the central portion of the display region (i.e., from high-density
region 31 toward low-density region 32).
As described above, the low-density region of the low number density is formed
25 with respect to the high-density region located in the central portion of the display
region so that the distance between the substrates decreases in the low-density region to

prevent at least occurrence of vacuum bubbles even when variations are present in

height of the .columnar spacers, and therefore lowering of the display quality can be
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15 position noves outward fromthe center of the display region as shown in
Fig. 3C. Liquid crystal 6 filling the space surrounded by substrates |la and
| b and seal nenber 2 decreases in quantity. In high-density region 31, the
nunber density of columar spacers 5 is higher than that in | owdensity
region 32 so that the di stance between substrates is and |b becones
substantially constant in high-density region 31. 20 Conversely, in

| ow-density region 32 containing columar spacers 5 at a | ow nunber

density, the distance between substrates |la and | b gradually decreases as
the position noves outward fromthe central portion of the display region
(i.e., fromhigh-density region 31 toward | owdensity region 32). As
descri bed mtented. t Asisldonedrtiss ¢ybadagerdnit of prefeeabilothahteisealinglynstoted i s f or ned

(e i opl SR Sl ot indh e SBPBicGar EHVALHIGIAE WoB b eases | n
e 1o el AT o RIEHRRL ek BABLA0EEHY L SREGOLe WERHUHBDD s

even when variations are presen umar Sspa and

t her ef or e vJalueer Emglogmehhsf tdissphatraitsal grévent Rivediaig of Chepdigilangiedity Asbdt done
inthis enbodinent, it is preferable that the sealingly stored [|iquid
crystal i sheaases whereihebeighti afyhe ¢rdwmnarspages rokigher|thapihe denignedavalusadngul at ed

val ue detern ned whepn t wo substrates are parallel spaced by a distance
of the desﬂﬁgﬁ%gl%ﬁeﬁ&angﬁ%a%ﬁt"%ﬁ' this structure can prevent |owering of
the display quahithiy einBolitielt, 3hd RG/-§ARRP redhtH 1§ féraRdNRROME iter 5ia8 oFpheiMMar

spacer is higher than the designed value and where it is lower than the
desi gned \sadlumemben. tThus, mrthe displenregiarhdisplayingipiaires/ontbeliksy theslovodesattynear

the inner side of th seal . er.. Thus, .n t di spl ay region di gplaying
et uroe JRRbR edendsfompatriphEation théreos it i bl file hAreTBe StAlDr o
portiyen t ; a4 t St whes e HENheY ranged.
The %gvenpﬁé)tﬁsgrsmt %g?cés?ﬁegﬁeg&ggisﬁﬁts C(l)ﬁ?cli gﬁtr at | (I)lﬁ,éﬁgnd maE/1 dtl)%’]%

conf i gur ecconfigdred badh thiethe dow-demsity trygioe i formédsinfaosentrdl portian oftierdidplgyor ti on

of the display . region displaying pictures or the |jke, and the high-density
regi on ext%sia8 displayiae pigturgsor %Il}?él e¥dihe high-dsasity wRiogextands guyatd o gi on.

However, g, b%h%?a? Bomﬁrcﬁ'tﬁ‘e ﬁi's’].r)lgf‘lce%io%f Aowever, in the case where a surface of a

portion displaying pictures may be pressed by a finger or the like, irregularities may

15 occur in the picture when the low-density region is locally pressed so that it is preferable
to form the high-density region in a central portion of the display region and to form the
low-density region in a peripheral portion of the display region. For example, when a
user intends to touch a button on a display panel of a cellular phone, the user may make
a mistake of pressing the display panel. Even in this case, the low-density region

20 formed at the peripheral portion can prevent occurrence of irregularities in displayed
pictures.

Figs. 4A and 4B are schematic plans of a second liquid crystal display panel of
the embodiment. The liquid crystal display panel shown in Figs. 4A and 4B is of a type
employing a CGS (Continuous Grain Silicon) liquid crystal in which a circuit operating

25 TFTs for switching the liquid crystal and the like are formed on a glass substrate. The
CGS liquid crystal is used in the display panel such as a digital still camera, a cellular
phone or the like. In Fig. 4A, a glass substrate 3 is provided at its main surface with a

display region 35 including TFTs (Thin Film Transistors) and others, and is also
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portion displaying pictures may be pressed by a finger or the |ike,
irregularities may 15 occur in the picture when the | owdensity region is

|l ocally pressed so that it is preferable to formthe high-density region in
a central portion of the display region and to formthe |owdensity region
in a peripheral portion of the display region. For exanple, when a user
intends to touch a button on a display panel of a cellular phone, the user
may nake a m stake of pressing the display panel. Even in this case, the

| ow-density region 20 fornmed at the peripheral portion can prevent
occurrence of irregularities in displayed pictures. Figs. 4A and 4B are
schematic plans of a second liquid crystal display panel of the enbodi nent.
The liquid i i i B i e

enpl oyi ng gﬁ@%a?{cgﬁt%%rg Q’g{hﬂé i1 ég%fqﬁnﬁ éécr yst i&% l?lqlﬁ\i\ﬂicéﬁg%%ci rcuit
oper ati ng &alnghl stotealinaiguah¢mealt sasridg regiod 368 ey aipddtelaronthiningl disgapregidnor med
on a glass_substrate, The CGS liquid crystal is used in the display panel
such as a sves Py | Inagliegion pravided with drivergQothergis forged g BM rqaaerﬁl%. 4A, a

&t
| bsfr g Bpi | | ‘ f i . di ion 35
"ot udi g Trich £plaflc BBl |10t of bk Do RRARS Y fhiod paRBIeAEY 01 123
at thg nai goredlé teanir ide avibhi wetbedlfforh Bie et \Sidebfttheliquid srystkh@isplagiui d

crystal is sealingly stored in a liquid crystal storing region 3

conpl et el ypasght ai ning display region 35 and driver 10. In a region provided
with driver 10, there . i,s forned a.BM.r.egi on 3 i.n which a black nmask is
formed on one. oft BiEcta: Bur FeBE o Fs fergiedssione e Auer Befphen GHORERL | ne

i nner side Vi ﬁy\ﬁca:-ae \ B8rih ' h-ddi8itd s Sohigah 2di spl ay
panel. In rpe%& 4A, 1o ldeﬁ'jgtlat g't%lr”le%i nongjzg(’jlﬁs o‘trl&rrlggilg%ungstie Ote}%lear peri phery
of di spl ayportiegiother #an lbw-densjty tgiony32t aMosé gpecifigaltye ghio po3dn ispluvideddensi ty
regi ?B i's foLmed in a portion other than | ow density regi on 32.., More

specitPi cal M colmanapsnacers drraggsst & ugher pembgridensity thah low-gpnetregiaR dnged at
a higher n . i i reql.Of . . | bove, the
i nvention %gﬁg{cpg%%s&gb%@gﬁ%kﬁé\%g%gﬁ{eﬁ%selh:g%hpgedgﬁ}g% ﬁﬁ“@?@%ﬁg?ﬁ% nel of
the CGS |i gatietoftthy €1GS liquid thstadl bkee like.

Fig. 4B shows a structure of the liquid crystal display panel of the CGS liquid

_ crystal in which low-density region 32 is formed at a region avoiding display region 35.

15 By employing this structure, whole display region 35 can be the high-density region.

As described above, it is not essential that low-density region 32 contains a portion of
the display region, and low-density region 32 can be formed in any position. For
example, the low-density region may be formed only between the seal member and the
display region.

20 Fig. 5 illustrates a third liquid crystal display panel of the embodiment. In the
above embodiment, the two regions, i.e., high- and low-density regions are formed, and
the number density of the columnar spacers is constant in each region. In contrast to
this, the third liquid crystal display panel is provided with columnar spacers 5 of which
number density decreases as the position moves from the center of the display region

25 toward the outer periphery as indicated by arrows 51. By this structure, the liquid
crystal display panel can achieve effects similar to those of the first liquid crystal display
panel in this embodiment. In this case, it is preferable that the quantity of stored liquid

crystal is slightly smaller than the standard liquid crystal calculated value. The liquid
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Fig. 4B shows a structure of the liquid crystal display panel of the CGS
liquid crystal in which |lowdensity region 32 is fornmed at a region
avoi di ng display region 35. 15 By enploying this structure, whole display
region 35 can be the high-density region. As described above, it is not
essential that |lowdensity region 32 contains a portion of the display
region, and | owdensity region 32 can be fornmed in any position. For
exanple, the lowdensity region nay be formed only between the seal nenber
and the display region. 20 Fig. 5 illustrates a third liquid crystal

di spl ay panel of the enbodinent. In the above enbodinent, the two regions,
i.e., high- and | owdensity regions are forned, and the nunber density of
t he col unnqystslpthaamsl sd;\owstlaﬁtg |5mae&mﬂlqne!glrymal dfra sdightly ssall qumntitshass, t he

third liquid,crystal S owddvmt ol umar, spagers 5 of
whi ch  nanbeh SATREY SHERrLY S el sot et REr e ol S ENHEHE CandRs of ¢ he
di spl t 51. B
I'splay re rec&t&ﬁ}ed:l%%g?ageﬁ tl?é’&l@trap&% N rs%b?c?at%:é"fial&ﬁi Aaau ows y

this struct crysta ay panel can ac eve ffects

simlar toddchase mihé pesition mbvdsi fipth thecdeyitet af thadi digpllayregionnewaidnthe Buer
enbodinment. In this case, it is preferable that the quantity of stored
I i qui g cr%’fpﬁfﬁm s slightly snaller than the standard |iquid crystal

cal cul at ed val ug,. The |igui st al | ay panel sho Fig. 5 has
the liquid cr ylsjgsfimg‘lg 9 gﬁ?]@ g?‘?éflph ‘gﬂ IFC’[‘X/M%%VEMPI& ’gf\éﬂ%‘%)lc’{lrmar spacers
5 forned aggpifadteling ﬁ‘é%ﬁﬁﬁ'dgﬁtil%ﬁpﬁ% (4881788 etiBbdRRnt. | The MahufdchGibed
crystal display panel, the tance between substrates | a and Ib gradual |y

decr eases msthpHef fosémbatimentisgudesanipatre foranng stepof féreriny thelcalumragi on t owar d
t he outer eri pher eferr escription .l now be
gi venuon a® H?ﬁ%ﬁSH%B? oyhﬁtﬁt?félﬁ Y[W‘?ﬂ%’ 'lrﬁtﬁgfoi tlﬁﬂdg'ewgg grdﬁ!ﬁcg’l‘ Ié‘if‘l B'\gr‘fgﬁ T of Wt hi s
embogpment grraHag oS faﬁltaﬂgfn@ghe 851 heRbas)daithe M%H&%&Me%tﬁo? pacer

formng step of formng the columar spacers on one or both of the
subst r at estheowbeulsiifaesed be adisdrbé rggeted dheemdthokatbe incldesa liqudiongstalt ep of

arrangi ng e seal nmenber(s).on the in syrface(s) of e or both of the
two subst réftoemlamsétemf@p@ ingyyephelt the faid cap b Hhsgates) dui d

crystal particularly onto a region that will be located inside the annular seal member. The

manufacturing method of this embodiment is a so-called drop adhering method in which
15 two substrates are adhered together in a vacuum after the liquid crystal drop applying
step. The manufacturing method of this embodiment will now be described primarily in
connection with the method of manufacturing the first liquid crystal display panel.
Fig. 6 is a schematic cross section showing adhesion of the two substrates. In
the spacer forming step, columnar spacers 5 of a substantially uniform height are formed
20 on substrate 1b by the photolithography method. Columnar spacers 5 are formed in a
region where liquid crystal is to be sealingly stored. In a central portion of the display
region, there is formed high-density region 31 including columnar spacers 5 at a high
number density. In a portion outside high-density region 31 and near the inner side of
annular seal member 2, there is formed low-density region 32 including columnar
25 spacers 5 at a lower number density than high-density region 31.
Annular seal member 2 is arranged on the main surface of substrate la. Drops
of liquid crystal 6 are applied onto a region of the main surface of substrate la

surrounded by seal member 2. The drop quantity of liquid crystal 6 is slightly smaller
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drop applying step of applying drops of the liquid crystal onto one of the
substrates, and particularly onto a region that will be | ocated inside the
annul ar seal nenber. The manufacturing nmethod of this enbodinment is a
so-cal l ed drop adhering nethod in which 15 two substrates are adhered
together in a vacuumafter the liquid crystal drop applying step. The

manuf acturing nmethod of this enbodinent will now be described primarily in
connection with the method of manufacturing the first liquid crystal display
panel. Fig. 6 is a schematic cross section show ng adhesion of the two
substrates. In the spacer form ng step, colummar spacers 5 of a
substantially uniformheight are formed 20 on substrate |Ib by the

phot ol i t hogaaRMsiBRIdNAthe JepdrHiIRMA wRRARE FWo SubRtrStel Qfé”ﬂ?ﬂalieﬂsﬁcé&ﬁioﬁped{’!ﬂer e
liquid crystal is to be sealingly stored. In a central portion of the

di spl ay retheoby a titsigredivalueor ned hi gh-density region 31 includi ng col unmar

spacers 5 at a hjgh nuynber density. In a portion outside high-density
regi on 31 and nghg“i"h%u stiates 2k qpantigred tapgthar A ugﬁcﬂte i‘”%’,"%BH&Fég-i% f or med

oue densi t yud R B2pdrRChUA Ny RS AReZe S8R RAT0R, AurBun BB SpRUTECT

density than hig Annul ar ‘seal nertber I'S darfanged on

the mBin supdnad o e atndephdrRi@edsufe soRh@nke adosphdiidl resuyesit appifedaban@ppl i ed
onto a region of the main surface of substrate 1 a surrounded by seal

menber 2. Whelegndpceqpfawoisuhstutes acandd beandsthetieb presses|subgtiratss lanand| Brto- 19 t han
a designed VC§| L{g determ ned when the two substrates are parallel spaced from
each ot heP*ByY" ¥ desi gned val ue. The two substrates are conbined together as

i ndi cated by anpgkr pAVamd7B Ard §lembtic crbSCseBHORShARIgS oR §h bRarERE sESle,athﬁaC!Jum
After the conbination, a surrounding space is 5 opened to an atnospheric

pressur e sooltumasgr spheeran thequbenss of pthessgitveo fubsapieb il @dnd db.t Hog \ioisetheur f ace of
(oo U5 b 2 ARG SLd her s presees SubeLigtes, uand. b Lo each
PO o e SORMT PO R SRS hodtiens U Ieptsiidiar | ond
spacer f or forth lewinighetop yngideadfa. diameter smaller than that of a bottom surface.
Columnar spacers 5 are made of acrylic resin or the like. Columnar spacer 5 has such
properties that it is more resistant to collapse than a plastic bead or the like. However,
15 columnar spacer 5 has a margin for allowing compression by a compression width 40
shown in Fig. 7A when substrate 1a is adhered to substrate 1b as shown in Fig. 7B.
The height of columnar spacer 5 varies depending on the types such as a reflection-type
liquid crystal display panel and a transparent-type liquid crystal display panel, but is
substantially equal to several micrometers, and compression width 40 is equal to about
20 1/10 um. As described above, columnar spacer 5 is compressed only slightly.
However, columnar spacer 5 is compressed to an extent that can absorb a manufacturing
error of columnar spacer 5, and produces a portion where the distance between the two
substrates decreases as shown in Fig. 3A or 3C. In this manner, the manufacturing
error in height of the columnar spacer is naturally absorbed, and the liquid crystal display
25 panel preventing lowering of the display quality can be manufactured without
complicating the adhesion operation.
In this embodiment, the drop quantity of liquid crystal is equal to 96% of the
standard liquid crystal calculated value. By applying the liquid crystal drops of the
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Col umar spacer 5 formed on the main surface of substrate Ib has a circul ar
cylindrical formhaving a top surface of a dianeter smaller than that of a
bottom surface. Columar spacers 5 are nade of acrylic resin or the |iKke.
Col umar spacer 5 has such properties that it is nore resistant to coll apse
than a plastic bead or the |ike. However, 15 columar spacer 5 has a margin
for allow ng conpression by a conpression width 40 shown in Fig. 7A when
substrate la is adhered to substrate Ib as shown in Fig. 7B. The hei ght of
col umar spacer 5 varies depending on the types such as a reflection-type
liquid crystal display panel and a transparent-type liquid crystal display
panel, but is substantially equal to several mcroneters, and conpression
w dt h 40 iguaetyasmatler thivothie s2ddardljuid cristaidaiotatddechlied) dvie possitie tnprevemacer 5
is conpressed only slightly. However, columar spacer 5 is conpressed to an
ext ent t hatccuapnegisd yrpium brbbles aad uregwlpritiss pp thegfispley suifge seithesof the and
produces a

rtion.where the distance,be the t subst nat es ,decr eases
as shown icﬁlg |‘6.er§}lbeocroq‘§'8ar F%a%f‘%ﬂﬁ%hﬁgﬁt@ﬁﬂ%d?ﬁéﬁﬂ?ﬁ&‘ﬁﬁ é”heé‘? ft&asi n
hei ght of #hB@eighl sHHENEF oSIRAGE thah Shé\@dstbn@l kyu@bsor bed, and the liquid crystal
di spl ay 25 panel preventing | owering of the display quality can be

manuf@act ur ed wiKdrabe secondviuid atyistad dishiay aetied sf the eobedandmnit islstmplyi s
enbodi nent, t.he dro uantity of liquid crystal ig equal to 96% of the
standard |{aUrd g el SpRdeRan b Bk gingdhe FRIUPPELIRCER L L al

drops of ti‘ﬁnillz&n?c%éf‘a{:ﬁss"% aﬁmt?: rekioh R difiens ARG s dcgféia? aSEar?Etnﬂ be

cal cul at ed val ue, 0ssl bl e"to preveht occurrence o um uﬁ)bl es
and irregudemsityt.i 8y empldyirey hisspéthyd Stiisfpassble fo mahifactued thehecorddipdd wher e t he
col utmar spacer _h?s t he height of the designed value and where it has the
hei ght snef¥e#! diplaynegelof this smpadimess; §aethevhird Bquid crystal disglay dapelathei qui d
crysigl d'&?ﬁﬂm@g&%ts sﬁ‘% ﬁ&r&%d%ﬂ&?ﬁfaﬁﬁ@%&xﬂb@r é%si?%[&%&‘é/of é’f&lﬂiliﬁg‘:rgg egor m In
each hecessary region, e regron rncluding e tolum Spaters at  a small

“nunber  dengithy péditior MEvEsEE the et OF (iR didptayaelidima be SRacRItowatd thel ar ge
nunber density. By enploying this nethod, it s possible to manufacture the

second | i quiter pesipheyal di spl ay panel of this enbodi ment. For the third
liquid crystal ﬂesgélt?rxnﬁasg%efs éarr]lene formed by the known photolithography or the like.
. The columnar spacer of this embodiment has the circular cylindrical form. However,

15 the columnar spacer is not restricted to this form, and may have, e.g., a quadrangular
prism form. It is preferable that the number density of the columnar spacers, the
material of the columnar spacer and/or the quantity of stored liquid crystal are
appropriately changed according to the size and type of the liquid crystal display panel.

(Second Embodiment)

20 Referring to Figs. 8A and 10, description will now be given on a liquid crystal
display panel of a second embodiment according to the invention as well as a method of
manufacturing the liquid crystal display panel.

Figs. 8A and 8B illustrate the liquid crystal display panel of this embodiment.
Fig. 8A is a schematic cross section, and Fig. 8B is a schematic plan. Two substrates

25 la and 1b are fixed together by seal member 2, and the space surrounded by two
substrates 1a and 1b and seal member 2 is filled with liquid crystal, as is done in the
liquid crystal display panel of the first embodiment.

The liquid crystal display pane! of this embodiment includes a low spacer
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10 col umar spacers are formed such that the nunber density thereof
gradual |y decreases as the position noves fromthe center of the display
region to be formed toward the outer periphery. The col ummar spacers can be
formed by the known photolithography or the like. The columar spacer of
this enbodi nent has the circular cylindrical form However, 15 the col ummar
spacer is not restricted to this form and nmay have, e.g., a quadrangul ar
prismform It is preferable that the nunber density of the col ummar

spacers, the material of the columar spacer and/or the quantity of stored
liquid crystal are appropriately changed according to the size and type of
the liquid crystal display panel. (Second Enbodi nent) 20 Referring to Figs.
8A and 10, HaSehbm!reSitn Wilak 2 W r GloRnY & the fhnér diddOo Halchymbat!2, afli aRLAY panel
of a second enbodi nent according To the invention as well as a nethod of
manuf act ur inalgdeshehigh-dew dpaey straigedieapiegion3anala. seéomglsregida lacateBRsidk laigt r at e
the liquid crystal display panel of thjs enbodinent. . Fi 'éfA IS a schematic
cross sect PRIRET AFFASHNGL region 34.5 Thericngd crasty) Chﬁi’.laﬂﬁﬂﬁe]s’ﬂ?ﬁgﬁ"s rgiscolymngry and | b

SUbst r at es AL Afang [T ofER0 BlocbenBikTebiaf 5 AAE SiiOPAURCE il
done En t hesgidni 3BudsAvell aseedndichuthity spaiRed arfingédi High-fdw spieedirt@iemedhe

liquid crystal display panel of this enbodinment includes a | ow spacer -21
ar r angenentegiasigidon Iisthiseembpdiment; lopegsilgnnasspscer ) arg fermes) asghefirseal nenber

2, and also, includes a_high-|ow spacer angenent region 33 .as a second
Featon | oo StRERGReREs Ao M o SR AR TR on Lot o iBaR Cr yot al
di spl ay paggiersNCiigHR8lubrinks spaGer 20 HigheP BRE &6 cAUMARSSACEIR] WHed REGRI
arrangenment region 34 and high-1ow spacer arrangenent 5 region 33 as well as

second col usrapphiedstherety. s Impthanyedisi when bighlcolvmepasmcera?d mmgleasedtirom egi on 33.

I n thi,s enbodi ment,. | ow col umar spacers 30 are forpged as the fjrst
col urtHar sB’é?é%‘F%?p%‘ﬁélgﬁit%W“gﬁﬁ?}PS’ WSWY%FW@%@W"%%OM

col umar BfLrSsp i.g§ col umar spacer 29 is higher than | ow col umar
spacer 30 \?\ﬂen no erg '

Figs. 9A and 9B illustrate arrangements of the columnar spacers in low and high-
low spacer arrangement regions 34 and 33. Fig. 9A 15 a plan of high-low spacer
arrangement region 33.  The two kinds of columnar spacers, i.e., high and low

15 columnar spacers 29 and 30 are formed at interconnection regions in the boundary
portions between the picture elements. High and low columnar spacers 29 and 30 are
arranged in a mixed fashion. Fig. 9B is a plan of low spacer arrangement region 34.
Only low columnar spacers 30 having a small height are formed in low spacer

_arrangement region 34. Between two substrates, there is sealingly stored the liquid

20 crystal of the quantity required when the two substrates are adhered parallel to each
other, i.e., the quantity of the standard liquid c-;rystal calculated value.

As described above, the liquid crystal display panel of the embodiment includes
the two spacers having different heights when these are released from a pressure in the
height direction. For example, in the liquid crystal display panel having the picture

25 elements each having a longitudinal size of 115 um and a lateral size of 65 um, high
columnar spacers 29 each having a diameter of 10 ym and a height of 4.5 um are
arranged at a rate of one spacer per ten picture elements. Further, low columnar

spacers 30 each having a diameter of 10 um and a height of 4.3 um are arranged at a rate
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is applied thereto. In other words, when high columar spacer 29 is rel eased
froma 10 pressure applied by the two substrates, high columar spacer 29 is
hi gher than | ow columar spacer 30. Figs. 9A and 9B illustrate arrangenents
of the columar spacers in | ow and high- | ow spacer arrangenent regions 34
and 33. Fig. 9Ais a plan of high-low spacer arrangenent region 33. The two
ki nds of columar spacers, i.e., high and | ow 15 col umar spacers 29 and 30
are formed at interconnection regions in the boundary portions between the
picture elenments. High and | ow col umar spacers 29 and 30 are arranged in a
m xed fashion. Fig. 9B is a plan of |ow spacer arrangenent region 34. Only
| ow col umar spacers 30 having a small height are fornmed in | ow spacer

ar r angenenbf &RHpaker ir e &0red AMonSHPSTh %@%ac&ﬁﬁ%ﬁg@&xeﬁﬁ% iondl4y i ored the
liquid 20 crystal of the quantity required when the two substrates are

adher ed parehmesir spaceendh cachthaging a diametet bl urannd ayeght ofie3smaackar d | qui d
crystal cal cul ated val uge. As descri hed above, the liquid crystal display
panel of t FEEIEHE GR FR O PRECTRRR et ﬁﬁeeq %tugﬁ)%ler@%tshaﬂ}erfgeswwf eisEAiee hei ght s
when t hese . r.e.L: : 106 dofisih r
exanpl e, i Ra?‘%g{ |e§ﬁ?§g%;rt{/ag%p£e@{a§gfglfdg?gﬁcr\ﬁeé%}ﬁﬁgﬂ%hlgwpqoct urag%%&g‘l enent s
each Baving a | ongetliqdidraysts idesplagfpand pfnhedmbalimeadtesinde Mgk eolafnnBd Lm  hi gh

col umar spacers 29 each havi_ng‘ﬂa di anmeter of 10 mand a height of 4.5 mare
arranged atPagers FParourryiged ¥phigkdowepacer ArpngemenieregioadsSmtdhe fighemmimber ow

| 0 h hayi dj_anet f 10 d_a height 4.3
e ar rangBREY e doy S8BT iths SO AR 0 B spoesl pR R e B e o i
| ow spacer w6 ERERRE NS afiE M BMigdtiow SYiceCATAHFRMENSRAGARS MVe BRCAaNavVi Ng a

diameter of 10 tmand a height of 4.3 mare™ arranged at a rate of one
spacer per syrfaceeparalpdl ta each othernelurther, the dstmice hetwveeh twa sehstratestlaasd lbhe t wo

P i By St A S el WSO B TR Bt S
spacers 29hgh8o@'shalad 8dandintdhORplawsspacer arrangenment region 33 at the
hi gher nunbér density than I ow col umar spacers 30 arranged in | ow spacer
arrangenment regWen®4ch columnar spacer has the height of the designed value, high columnar
spacer 29 is compressed with higher priority than low columnar spacer 30, and the
compression thereof stops when the height of high columnar spacer 29 becomes equal to
15 that of low columnar spacer 30 (i.e., designed distance bet\;veen the two substrates). As
shown in Fig. 8A, the two substrates become parallel.

When the height of the columnar spacer is smaller than the designed value, high
columnar spacers 29 in high-low spacer arrangement region 33 are not sufficiently
compressed, and the distance between the substrates in high-low spacer arrangement

20 region 33 becomes larger than the distance between the substrates in low spacer
arrangement region 34.
- When the height of the columnar spacer is larger than the designed value, high
columnar spacers 29 are compressed to the height equal to that of low columnar spacers
30, and the distance between substrates 1a and 1b decreases in low spacer arrangement
25 region 34 so that occurrence of the vacuum bubbles can be prevented.
As described above, the size of the space filled with the liquid crystal can be

adjusted in both the high-low spacer arrangement region and the low spacer

arrangement region. Therefore, the liquid crystal display panel of this embodiment can
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two substrates la and | b in high-low spacer arrangenent region 33 have the
main surfaces parallel to each other. Further, the distance between two
substrates la and I'b 10 in | ow spacer arrangenent region 34 can be reduced
wi th higher priority than that in high-low spacer arrangenent region 33.
When each col umar spacer has the height of the designed val ue, high

col umar spacer 29 is conpressed with higher priority than | ow col umar
spacer 30, and the conpression thereof stops when the height of high

col umar spacer 29 becones equal to 15 that of | ow columar spacer 30 (i.e.
desi gned di stance between the two substrates). As shown in Fig. 8A the two
substrates becone parallel. Wien the height of the columar spacer is

[ 1 h | i L gR= |
snal | er t heRethgrod aoirgnesk éﬁﬁbé!ﬁé aﬁh%fac?ﬁ%ﬂo;%ﬂvﬁnga?s Bedih 9l ! ow

spacer arrangenent region 33 aré not su corrpressgd, and the
di st ance bedthelencasérewlsarb sher lighs of thelfoghed colummpaepacenis larpgetientth20 regi on 33
becones | arger qtlhﬁn t he di stance between the substrates in | ow spacer

]

ar r angenenfesieagt gruaand viers it 1n smallerghan e designedovaliven lowesing o€ thg display ger t han

t he desi gngd.: i . ei ght
cqual ¢ o t i te e fted SO Bk RRAR Lo SRTRERAE dulfid B
subst Bat esstdred lignid drﬁstﬂe:en asmetler thah thié SRRIGRT liduid as@®Mulatedvalael on 34 so
t hat occurrence of the vacuum bubbl es can be prevented. As descri bed above,

the size of theRefsaing thiHig.d@, descriptiorewill mpw He givgs paltthemethbd of adj ust ed i n

both the hjgh-1ow.spacer arrangement regi and the | ow spacer arrangenent
regi on. Th@g‘é‘ffli'ﬁtgr,mé)ﬁ’é%ﬁ}‘@tﬁrﬁt%%&i’lpaﬂgé’g{g%e d'i’;\‘?’d(gf‘e’&f thi s enbodi ment can
-23 have a lar Q?héTEcSIGﬂnHarfs‘ﬂﬁce@@E}%%hﬁl&i@nmﬁéﬂit@(Jb;!:z'tHegplﬁftbﬁ%hogrfapWe col ummar

spacers. In both the cases where the height of e fornmed coOl umar spacer
is larger wmhtwdsirdd andelai spaboiembtnizisdnonetheTben, tthe dropsraf liguid thyatal blaee desi gned

val u | oneri.ng,of the display .quality can be prevented w thout enploying

such?Q conP‘i‘tdﬁg%ﬁ?“&H[;f ﬁ%@:[ “@H\geﬁ%‘a e??/}lr@'fmqrﬁ%reég%faé‘?ee‘i‘ft ?Stfdpgh%rystal cel |

is smallerpbhatedAfe b@aRdarthd AQUimbsdiMsial cal cul ated value. Referring to
I pti Il b

Fig. 10, description w now be given on the nethod of
According to the second embodiment, the spacer forming step of forming the

columnar spacers on substrate 1b is configured such that low spacer arrangement region
34 is formed as the first region near the inner side of the seal member, and high-low
15 spacer arrangement regior; 33 is formed as the second region inside low spacer
arrangement region 34. Only low columnar spacers 30 serving as the first columnar
spacers are formed in low spacer arrangement region 34. In high-low spacer
arrangement region 33, low columnar spacers 30 as well as high columnar spacers 29
higher than low columnar spacers 30 are formed. Annular seal member 2 is arranged
20 on substrate la, and liquid crystal 6 is arranged inside the region surrounded by seal
member 2. Drops of liquid crystal 6 of the standard liquid crystal calculated value are
applied.
The adhesion of the two substrates is performed in a vacuum atmosphere. As
indicated by an arrow 52, the main surfaces of substrates 1a and 1b are pressed after
25 adhering the two substrates in the vacuum atmosphere. In this manner, the
compression is performed to locate the main surfaces of substrates 1a and 1b closer.
In high-low spacer arrangement region 33, high columnar spacers 29 are formed

in addition to low columnar spacers 30. For adhesion, high columnar spacers 29 come
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manuf acturing the liquid crystal display panel of the enbodi nent. The

col umar spacers are forned on substrate | b by the photolithography

nmet hod, and annul ar seal nmenber 2 is forned. Then, the drops of |iquid
crystal 6 are 10 put inside annul ar seal nmenber 2. These nmanners are the
same as those in the manufacturing method of the first enbodi ment. According
to the second enbodi nent, the spacer formng step of formng the columar
spacers on substrate | b is configured such that | ow spacer arrangenent
region 34 is fornmed as the first region near the inner side of the seal
menber, and high-1ow 15 spacer arrangenent region 33 is formed as the second
region inside | ow spacer arrangenent region 34. Only | ow col umar spacers
30 ser Vi ngin&scdngct withssubstedte! 1@ prior ®lasadoluriiae sparersedd. | Bylapplyipasher
arrangenment region 34. In high-low spacer arrangenent region 33, |ow

col umar spgéwretosibe mainwirfacessofisubsirates lamandribs blsgépbmmr SPACgied® arp st ow

col umar spacers 30 are formed. Annul ar seal nber 2 is arfanged 20 on
substrat e TOEres AR cobrpsion Wt huaPy Sapdien nis i SrBIREEEH [ ounded
by seal  mepethedwitRtRPol0he bF e Padd (3 tAhd& B rdRibstARd 24 gd 1HUI d crystal
cal cul ated value are applied. The adhesion of the two substrates is
perfobned i n a Wienum bdigh ©f terforméd columdarcspheals yfowntharcomprdRiontstupsmai n

surfaces of substrates la and |b are pressed after 25 adhering the two
subst r at esd@rﬂpgtwwg%mrﬂ%h%@bﬁ%@m YPACHTF $O High HIErBaPHA 8120 A W8EFon i s

perf or med Lr?adégﬁlgﬁtere%i%ﬁ 3BJeBormith lfa%‘"eg?aﬂfth&‘ﬁ?ﬁ}j ﬁfra‘é‘ér zlrra?lggtﬂgntl :ggﬁ;g%ﬁ?r , In

hi gh-1 ow spac arrarigenent regi o high c nmar spdcers re fornmed

i n addi ti oGohwersebyywieh Wheleight pdcier forméd chlomnacpesdsroni ladge ghe didtantwar spacers
29 cone -24 into contact with substrate la prior to | ow col unmar spacers 30.

By appl yi nbetigen subseaies | @ andlh decreasenindawispaces agangemest regtas34.a &énd | b, hi gh
cOL R SRRGES B HSn PO S B oA
vol une of iagufaRafRe eM6F SURE eslulMart Wacsrd Reile ptdentingPodtiiftehdd ofSradh@n t he
hei ght of the formed col umar spacers is |ow, the conpression stops
bubbles.
Consequently, it is possible to manufacture the liquid crystal display panel that
prevents lowering of the display quality due to occurrence of the vacuum bubbles and
15 the like, similarly to the manufacturing method of the first embodiment. Further, it is
possible to manufacture the liquid crystal display panel that prevents occurrence of
irregularities in display even when the display unit is pressed by a finger or the like.
Structures, operations and effects other than the above are the same as those of
the liquid crystal display panel of the first embodiment, and therefore description thereof
20 is not repeated.
In the figures relating to the first and second embodiments, the relative
magnitudes of the heights of columnar spacers and the distances between the substrates
are exaggerated for ease of understanding. In the invention, there is a portion where
the main surfaces of the two substrates are not parallel to each other, but this portion
25 causes only a small change, and does not affect the display quality. The invention can
be applied to both the monochrome liquid crystal display panel and the color liquid
crystal display panel.

(Third Embodiment)
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during conpression of the high columar spacers so that the gap in high-Ilow
spacer arrangenent region 33 becones |arger than that in | ow spacer
arrangenent region 34. Conversely, when the height of the formed col umar
spacers is large, the distance between substrates la and Ib decreases in

| ow spacer arrangenent region 34. As 10 descri bed above, the adhesion of the
two substrates can be perfornmed depending on the mnanufacturing error of the
col umar spacers whil e preventing occurrence of vacuum bubbl es.
Consequently, it is possible to manufacture the liquid crystal display panel
that prevents lowering of the display quality due to occurrence of the
vacuum bubbles and 15 the like, simlarly to the manufacturing nmethod of

the first enmbodRRY¥mbodihé Sill ndW beUeRPBEH Bl SorhBctRUAIRE bitsfratd &ithi qui d
crystal display panel that prevents occurrence of irregularities in display

even when spreeddifephseyin adiqtidisysal paseld Bhe subftratgsvithapateneadcokiding t@theuct ur es,
operations.and.effeci)tgs ot her than tpe _&bove are the sane as those of the
liquid cry&VERUQR <9 dqyspr el oy inthe liqyid srysenBang Retralso 1adg orspieFhrRanel,

q Es . ; ol ; ! .
Cecr B DokBPEL oadl DE SRR Sl AU oS 18 4",
col umar s rae tgsidangtd! bendcat Bngnstied abyedy td the liguiddrystdlatisplaypaneXiagoer at ed

for ease of understanding. In the invention, there is a portion where the
mai n sur f a@ke top piaresiid praplshatansisally andriwecessively shifts pixelsagwvebltaser , but this

tion 25 | || . and t. affect the djspl
ual Ly, - TREARGSaOR R B s IEBRE pr R S e i P PRlER Yyt a
di spl ay paggh gﬂ@l ihd)@deS At Rist!dnd Wettof thé i krydiab PARY mBanBtling 4 pBlakZation

Enbodi nent) - This enbodi nent will now be "descri bed in connection with a
substrat e wiateof lightiewst birdfongent elenanta chinjimied withytbe haquip arystal paied fonsbiftingit e

D P ARt e LIS B a8 B, dnsd ol oabt i the I aui
panel, fi elygh @MBAR NRIRBE rier FARE I QYA FittPFiRRlre 88Maf EREESts having
pixels for the left eye and pixels for the right eye, and thereby can display three-
dimensional pictures.
Referring to Figs. 13 to 18, the third embodiment of the invention will now be
15 described.

Fig. 13 is a cross section schematically showing a liquid crystal panel using a
substrate with a spacer of the third embodiment. The liquid crystal panel has a pair of
substrates 101 and 102, a peripheral seal member 103 held between substrates 101 and
102, a liquid crystal layer 104 located between substrates 101 and 102 and surrounded

20 by peripheral seal member 103, and a spacer 105 for keeping a uniform cell gap of liquid
crystal layer 104. Substrate 101 is a color filter substrate, and has a color filter layer
(not shown), transparent electrodes made of ITO (Indium Tin Oxide) and a liquid crystal
alignment film (not shown) made of polyimide and the like and subjected to rubbing
processing. The other substrate 102 is a TFT (Thin Film Transistor) substrate, and has

25 a plurality of gate bus lines (not shown) each extending in a row direction, a plurality of
source bus lines (not shown) crossing the gate bus lines, TFTs (not shown) arranged
near crossings of the gate and source bus lines, pixel transparent electrodes (not shown)

arranged in a matrix form and connected to the source bus lines (not shown) via the
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5 The liquid crystal panel can be applied not only to the liquid crystal

di splay panel but also to a picture shift panel that optically and
successively shifts pixels as well as a parallax barrier panel that allows
di spl ay of three-dinensional pictures. The picture shift panel includes at
| east one set of the liquid crystal panel nodulating a polarization state
of light and birefringent elenents conbined with the liquid crystal panel
for shifting 10 a light path according to the polarization state of |ight
coming fromthe liquid crystal panel. The parallax barrier panel is
conbined with picture display elenents having pixels for the left eye and
pi xels for the right eye, and thereby can display three- dinensional

pi ctures. TRETeand aliquid chists alighthehdfilB(nok Bifovir)i dosterdiihe iph@niratdpatdi® i nventi on
will now be 15 described. Fig. 13 is a cross section schematically show ng
a liquid cPlydtodespanel using a substrate with a spacer of the third

enbodi nent. Th Laui ) anel has air of .substrates .10 1l and 102,
a peri pheral sgséﬁlbgt?f%{ﬁgie(?f {ﬁ%ﬂi%erﬁ%yn@eem@eeﬂﬁ%l gpp%?se5é11%§§Tsa§9 a hf)aez’glag,l iquid
crystal | aygbsilifide bRE2UIGH alk@h vRENoSHINSAIk AL gﬁsslglﬁstﬁﬁqu&p&% polksedtigrounded 20
by peripheral seal nenber 103, and a spacer 105 for keeping a uniform cell
gap ob | i geelyimids, s sericbadustorsdh aSiilisnr ate 10 1 is a color filter
substrate, and has g.col or filter Iaxer gggt. shown), trapsparent el ectrodes
made of |TO (I nEiBubt ¥ Hhorex) Hesiomsrenaticallyspovingspngn enlgrg > SPRY&h (not

shown) nmadegPfr R leibBlidEnAN G id ] i &Ct aglit | T si ng.
The ot her substrategllb%lgﬁlns' glérll:l?lg(él'ﬁ?ﬂ%glgya%gglr%sﬁg{sgr brogu ésr{i'gvax%lgx,o‘a/;lﬁez has
25 a pl ur alddstybeaf ingahgechios whithresructupé hadingwpaceddins €xrinedbnn@lomfilserr ow
direction, a plurality of source bus |ines _(not shovvn%)zcrossi ng the gate

‘bus |i nes, suprtTate(104¢ b ispagers Hixmmykeiformed ondfdsyibsigaie dP2t he gate and source
For miBnd. connectBIFEF a0t A Lhf rECe TS 105 arliWhing BREATRFRGN T8 T L1
a liquid cforgbdhbale fyBrgpaterfpottion 103k, SBANDS feaval isedbnti RBader ﬁ@hiéﬂsq@_s@ar ent

el ectrodes. Substrates 101 and 102 nmay be made of gl ass such as silica

gl ass, sodénd }149b hgs adsincated conical form, and an upper portion of first spacer portion 105a

has a diameter A larger than a diameter B of a bottom portion of second spacer portion
105b.

15 As shown in Figs. 14 and 15, spacer 105 has a form of a combination of -ﬁrst
spacer portion 105a having a relatively large top area (i.¢., area of a top surface) and
second spacer portion 105b having a relatively smail top surface. By employing this
combination form, damages due to rubbing processing can be effectively suppressed in
spite of the fact that a portion (second spacer portion 105b) having a relatively small top

20 area is located at a high position spaced from the surface of substrate 101. -

Since second spacer portion 105b having the relatively small top area is formed
above first spacer portion 105a having the relatively large top area (area of the top
surface), load-displacement characteristics of the spacer can change stepwise. Fig. 161s
a graph illustrating the load-displacement characteristics of spacer 105 of this

25 embodiment. As illustrated in Fig. 16, the load-displacement characteristics in the
graph represent a steep curve before the displacement exceeds a height h2 of second

spacer portion 105b, and the load-displacement characteristics significantly change to

represent a relatively gentle curve according to increase in load after the displacement
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borosilicate glass, |low al kali glass or non-al kali glass, plastics such as
pol yester or 5 polyimde, or sem conductor such as silicon. Fig. 14 is a
cross section schematically showi ng, on an enlarged scal e, spacer 105 of
the enmbodinent. Fig. 15 is a plan of spacer 105. This enbodiment will now be
described in connection wth a structure having spacers 105 fornmed on col or
filter substrate 101, but spacers 105 may be formed on TFT substrate 102.
10 Spacer 105 has a first spacer portion 105a and a second spacer portion
105b forned above first spacer portion 105a. Each of first and second
spacer portions 105a and 105b has a truncated conical form and an upper
portion of first spacer portion 105a has a dianeter A larger than a

di amet er Begbeds Hé%hft aMoP doh® BpAebr FREOND05P AN reRPEdificilly, WRGPthe18ads Shown
in Figs. 14 and 15, spacer 105 has a form of a conbination of first spacer

portion 10&pplindeftergha displagernentleycdeds brightdy efrsecondi spacer partem ¥5bafitrther
surface) and ., second spacer . .portion 10 havi ng a, rel ativel |1 top
Surface o RS RuPRrgaR Stam et o NP UuhaRLadpE e P B
processi NgelgaaBed&bin® & forslwins R rcﬁﬁs%@%_y'aﬂ ersh i gr%d_?é clyB@l Bi%ﬁqlfalﬂﬁfy a

portion (second 'spacer portion 105b) having a relativel'y small "top“20 area
i s | obat edamt changgsgh tenoseratucen $ime adarfe pressire islocilycapphéd, shbstesatof fifsh 1.

Si nce second spacer portion 105b having the relatively spall top area is
f or med abﬁ%?éeffﬁor”é?n E%&%‘g“ﬁ@ﬂ%ﬁf@ﬂp?{eﬁﬁs Aeformrjionrf thepatiel vel y | arge top area

(area of the topy, f%l‘bﬁagfs))xi g;@gﬂfs%}n%ehl e%l,l Leéigl{i]xg{e%lt ﬁlt(a 'ﬁéﬁﬁbgﬁ%&; wﬁi&fev& pacer

can change stepw se. a grap ing ad- di spl acenent

charact eri b¢ t&srigdd. SPRC eV isldbroed settibisschematibigisiBwing aAEaédrlllsstdfaﬁ@d in Fig.
16, the | oad-displacenent characteristics in the clgﬁrap represent a steep

curve bef opampletodicoppadsonenbpasgt bitikasa siedlytruneapedtoniratfome asshawarin por t i on
10801920 ey 02 0L BRSPS BERET b e BRI MO SE L0
di spl aceneplaneRf CeXCRRGDPeNFoEBA ohdpatlr FREQDENEPACH ade@faky 8Nanl Safbsinyor e
specifically, when the oad is applied after the displacenent ‘exceeds
hei ght h2 dévieeandrtbie oz c 8Vhenor general éxp@isingfdgrvichef a proximity type is used, upper
diameter C of spacer 150 is in a range from about 6 to about 10 um, and the bottom
diameter of spacer 150 is about (1.5 x C) pm. "_l‘herefore, an aspect ratio of spacer 150
15 is about (H/(1.5 x C)) where H (um) is a height of spacer 150. By using the exposing
device of, e.g., a stepper type or a mirror projection type having a high accuracy, it is
possible to produce spacers of further reduced sizes. However, spacers having
excessively small sizes may break in rubbing processing.
Fig. 18 is a cross section for illustrating sizes of spacer 105 of the embodiment.
20 Spacer 105 of the embodiment has a structure corresponding to a vertical combination
of first and second spacer portions 105a and 105b each having a truncated conical form.
Since upper diameter A of first spacer portion 105a is larger than bottom diameter B of
second spacer portion 105b, a bottom diameter D of spacer 105 can be longer than that
of spacer 150 of the comparison example. For example, bottom diameter D of spacer
25 105 can be (1.8 x C) or more. Therefore, the aspect ratio of spacer 105 can be equal to
or smaller than (H/(1.8 x C)), and thus can be smaller than that of spacer 150 of the

comparison example so that breakage in the rubbing processing can be prevented even

when the spacers have small sizes.

- 28 -



di spl acenent is substantially suppressed. Thereby, second spacer portion
105b can elastically deformto follow the |oad caused by an error in liquid
crystal drop quantity 5 and changes in tenperature. \Wen a |large pressure is
|l ocally applied, the stress of first spacer portion 105a substantially
suppresses deformati on of the panel. For a conparison with this enbodi nent,
an exanple for the conparison will now be described. Fig. 17 is a cross
section schematically showing a spacer 150 of the exanple for conparison.
Spacer 150 has a single truncated conical formas shown in 10 Fig. 17. Since
the spacer is generally formed by the photolithography nethod, a dianmeter C
of an upper portion of spacer 150 depends on an accuracy of an_exposing
devi ce and t he Tymieal sipeaf spagrrn@f avill egpdwmi degeribedi cBinesf it & qsenoanidally t ype is
used, upper iameter C of spacer 150 i.s, in a. range from.about 6 t.o.about 10
m and "t hewyatteBiisdp uie s B REE ofdis PoRimBlTPy thSTUSHRE dHBNET o e,
an aspect fahjeR oﬁftht@@ﬁ@%he%ejeﬁ%és%ga&&i& ok oﬁiniitv‘?:}rbe Whgse Winddthts a
hei ght of spacer 150. By using the éxposing evice 'of, e.g., a stepper type
or a mirr ozccpraoy bmiti afithe gypesingdievige af thie phoxamdy tygeyis abdut bum, hs potsitde t o
produge spacers of further reduce i zes. However, spacers having
excesgi vel Jodmam valie of UpRer IB'F@SIkgiOESmﬂgisﬂﬁe’ﬁ)?%@gsll%gb.‘s %oﬁt. o1l Alsp.cross
section fog,.Lllwatsat i j cali: : . i . 0 Spacer

1 £
155 " eS| R 305 B Sl I

conbi nat i obottoad dfatresdr Dritrat Ha@eebys Dacidies RO mdre titantOp diasieekr (D50seR88d havi ng a
truncated conical form Since upper dianmeter A of first spacer portion 105a
is |arger ¥M388T AR Y. aMlomereRwhEn betdem iipmgiercla of pracer P is @Beessizelyot t om

di anet er f acer~.105 can he |onger than_that . of acer 150.0f the
conpar | son e fBRE 1050 aR e » B Sadih el Beris My S0 48t 38y Lo e
(1.818 O @g.,ﬁ?[cﬁvenﬂ%ﬂhefr@ﬁsﬁmtﬁﬁ& A8 Pfelctanad. | Q\&Brcﬁr@ﬁ%?acﬁé@50§ﬁﬁs be equal to
or smaller than (H(I.8 x C), and thus can be smaller than that of spacer

150 of t hebottasmgametasD ekahmit 4 so fohatevbntingiprgtrusion pyer theipselapepingcessi ng
A e o S MBS b RS B e = 205
spacer density in the cell is about 1000 pcs/cm?.
Height H of spacer 103 is substantially equal to the cell gap of liquid crystal layer
15 104. More specifically, it is about 5 um in the transparent type, and is about 2.5 um in
the reflection display type. However, spacers 105 slightly collapse when substrates 101
and 102 are overlaid, and therefore height H of spacer 105 becomes equal to a value
obtained by adding an prospected value (about 0.2 um) of such collapse to the cell gap.
For example, it is about 5.2 um in the transparent type, and is 2.7 um in the reflection
20 display type.
Second spacer portion 105b elastically deforms according to the load caused by
an error of the liquid crystal drop quantity and changes in temperature. Height h2 of
second spacer portion 105b is set to a value that prevents spacer 105 from collapsing by
a predetermined thickness or more even when it locally receives a large stress. Height
25 h2 is determined in view of the liquid crystal drop quantity, variations in height of
spacers 105, shifting of cell gaps on the surface due to expansion of the liquid crystal
material and others. Height h2 of second spacer portion 105b is preferably in a range

from 0.4 um to 0.7 um, and is typically equal to 0.5 pm.
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advant ageous to use the exposing device of the proximty type, the foll ow ng
description is given on the case where the exposing device of the proximty
type is used. Since the accuracy Iimt of the exposing device of the
proximty type is about 6 m the possible 5 mninmmval ue of upper dianeter
C of second spacer portion 105b is about 6 p.m Al so, spacer 105 (i.e.,
first spacer portion 105a in this enbodinent) is configured to have bottom
dianeter Dthat is larger by 1.8 tinmes or nore than top diameter C of second
spacer portion 105b. However, when bottom di aneter D of spacer 105 is
excessively large, spacer 105 protrudes over a pixel opening, and exerts
adverse effect on display, 10 owering the transmttance and

e.g., by |ower]
reflectance. AcEbiareigllp, ofdhaerabodimentihaxing herehbk fapratke leattam &3 thedenta 14 m

¢ : ) h ) . .
port | on- 0SB ECREAEToR 4PE b ' (35 RFRDEYye PSR P ERENG SOREHer pocer
density i ntHahg1 08kiC) seabh@uttinddQP dReftdTWof R HENbS fpaeér MBacer 105 is
substantially equal to the cell gap of liquid crystal |ayer 15 104. More

speci fically, i Desggiptibomill Bombiergiteneontstepssyf araenfacturipg thehqhid sryatsbut 2.5 min
the reflection display type, However, spacers 105 slightly_ .collapse when
subst Pat es 4£81Y P “i%% ﬂérsé‘b%aé‘?sl ".fl'iﬂaéheéﬁﬁcef HEFI@f%’F@dﬁg‘F‘BhtF‘ﬁtﬁk‘e SP9Eer 105
becones eqy [ i out 0.2
™ of such e Tndad BetFinsPRLR RS o RO PIARRE S SRR LAY The
t r anspar enthetsppeeer ragttlod and®printméthod. hecrwicl resih resist 20 atliBiakidlet tyuring typedond

spacer portiagn 105b el asti cal I%_ def orns accordi ng to the | oad_caused by an
error of tARPlied @gtasuesiyale 401 ardis dilgdrndithemspacensdRg ate josmedatdighit ure. Hei ght

N2 of oo IRATosREN LARIORRAL By BRI R YALE, hOBbgPFAEN o spacer 105

from col | apsin ap ness e even en it locally

receinges aph&bbiogiapy fethddi@bs a gaditton ghotehakavig 4 lighy intskctidghortiomui d
crystal drop quantity, variations in height of spacers 105, shifting of
cel | gaps & nartalls ghdnging Bedghtoraspiimroeomsinuphdy bt sfapwise (§/8 dapanasst er i al

o TR o BBl NSRS AL BoBORR Bty 1 2 ranoe
photomask, development is performed to form spacers 105 having different heights (i.e.,
exhibiting a stepped portion). Further, polyimide which is an alignment film material is

15 applied to substrate 101, and the rubbing processing is effected to form the alignment
film.

Various kinds of bus lines, insulating films, TFTs and pixel transparent
electrodes are formed on the other substrate 102 by the photolithography method and
the print method, and thereafter the alignment film subjected to the rubbing processing is

.20 formed to cover the pixel transparent electrodes. Peripheral seal member 103 of the
ultraviolet curing type containing epoxy resin is formed on one of substrates 101 and
102 by the screen-print method and the dispenser method. Peripheral seal member 103
has a pattern of a loop form, and does not have an opening providing a liquid crystal
inlet. After applying drops, e.g., of nematic liquid crystal material to a region inside the

25 pattern frame of peripheral seal member 103, two substrates 101 and 102 are overlaid
with each other in the vacuum chamber to form liquid crystal layer 104 in the gap
between substrates 101 and 102.
The distance between substrates 101 and 102, i.e., the thickness (cell gap) of
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In spacer 105 of the enbodi nent having height Hfromthe bottomto the top,
a dianeter E of spacer 105 at a height of (0.85 x H fromthe bottomis
equal to or smaller than (1.05 x C, i.e., 1.05 tinmes of dianmeter C of the
top of spacer 105. Description will now be given on steps of manufacturing
the liquid crystal 5 display panel using the substrates with the spacer of
the enbodinent. First, the color filter layer and the transparent

el ectrodes are successively formed on substrate 101 by the sputter nethod
and print nmethod. Acrylic resin resist of an ultraviolet curing type is
applied onto substrate 101 and is dried, and then spacers 105 are forned at
light interception positions between pixels by the photolithography nethod.
The 10 phokaid emyeghlayenyl Odelenentlspoahe quagkizidef the appliedtligridstcystalnatgrial | i ght

o ooPL B o B934 L SRR 08, B DR i 0
2002 2290404 arbMHAE 1J BEuP SRRLEEHSIFA LANCealidaLIARed BHObOMRSHguidevel oprent

is perforned to form spacers 105 having erent helg e., exhibiting
a stepped qwsthlmatprialfand phephergakslinmantter W3 ci8in: amemberglefimmp the ket gat eri al
Is 15 _appljed to substrate 101, and the rubbing processing,is effected to
form Phe alSiDghRRSEROL I 3 Fegongtherthan mermp%efralmpggw akthe papd haPARY 15 i | ns, TFTs

the phot ol | FRESARY RtacfLPeh ERLR HESur Bl PR IBraBL T B D 02 ™
al i gnment  éhbodimend] gaicad 106 defiging titliel gap arca fmigsdtd Beep@hd cdllngdp t 0 cover the

pi xel transparent electrodes. Peripheral seal nmenber 103 of the ultraviolet
curing typiibsigntialiyinggrme iothg displayregion ppswesiratnl One Toerekupshe gxiesnal 01 and

romber. 105t Sl e Ty Papef Btiper G HoP R BRI A E R Speni ng
proviidi ng a | i qi Wisembddahent! fhRisecddlsphced RBHIGNNM SU TR st Padkr po?ﬁ?lﬂemit ic

liquid crystal nmaterial to a region inside the 25 pattern frane o
per i pher al 1&aabsorbsitterloddGusediby thetestor at kgid OdyshdropGRantity aod ¢hd ctiadgeswi t h

each other.in the vacuum chagnber to farm.liquid crystal layer 104 in the gap
bot ween. SUBSEPBFERISAS RAEFIBL0 SupReesa e SR HEEHBUNe <t MFRdrorsiand 107
i.e., the phiakness thefltacd@Minffirst spacer portion 105a has upper diameter A longer

than bottom diameter B of second spacer portion 105b, the stress of first spacer portion

15 105a can function to keep the display quality by suppressing deformation which may be
cause by a local large stress occurring at the time of adhering the substrates.

After overlaying substrates 101 and 102 with each other, ultraviolet light is
applied for provisionally curing a portion of the seal member (which may also be
referred to as a "dummy seal member") at the position other than peripheral seal member

20 . 103. The panel is taken out from the vacuum chamber, and peripheral seal member 103
is irradiated with the ultraviolet light to cure peripheral seal member 103. Through the
above steps, the liquid crystal panel shown in Fig. 13 is completed.

Although the liquid crystal panel of this embodiment uses the TFTs as the liquid
crystal drive elements, another type of active drive elements such as MIM (Metal

25 Insulator Metal) may be used, or passive (multiplex) drive not using the drive element
may be employed. When using the liquid crystal panel as the display panel, it can be
applied to the display panel of any one of the transparent type, reflection type and

transparent-reflection dual type.
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-30 liquid crystal |ayer 104 depends on the quantity of the applied liquid
crystal material drops and the height of peripheral seal nenber 103.
However, irregularities in the cell gap are liable to occur on the surface
if the cell gap is determned only by the liquid crystal material and

peri pheral seal nenber 103. Since a nenber defining the cell gap 5 is not
present in a region other than the peripheral portion of the panel, the
panel is significantly affected by an external pressure to cause display
irregularities. In this enbodinent, spacers 105 defining the cell gap are
arranged to keep the cell gap substantially uniformin the display region
on substrate 101. Therefore, the external pressure hardly affects the panel
so that the di sphiagmbodiownt has beerededrabet] y coosention Wath the atlsodeabodi ment ,

si nce second spacer portion 105b on fiyst spacer portion. 105 bsorbs the

| oad cauself®B ?Hﬂn%ﬁﬁﬁéﬁqu}%wqtﬁhﬂaﬂgéﬁﬁéﬁf g‘l““gfz’a{ﬁtaﬁg@rﬁtngwl%ﬁ’ef -changes in
t enper at ur aterl ' : t he i [ [ b to
nonuni f or mﬁt0 yeg?rhé%ogﬁ%%%lp@fol %’lcﬁl% i@ggﬁ%ggﬁgﬁn@@ h?éllﬁrd sl'{srl%gg%: %%H Sr[t)llg %t%ivg'ﬁ? 105a
has upper theapmiceacodrdiopgethe ihveatiomot t om di ameter B of second spacer portion

105b, the stress of first spacer portion 15 105a can function to keep the
di spl éy qual i ty(FtS’g}mé‘ deformati on which may be cause by a | ocal

e
| arge stress ocgurkj the..ti of .. adher i n e substr . After.
over | ay ng. subst a6 Gt Rt SReReiANho Ds LR RHARk b Be sprft 1 <
appl i ed foﬁcd@fdil‘égﬁi OiRirthYentisdiniéht df BRihveafloRfant g 203k 2 PRARRErebRhi Ch My
al so be referred to as a "dummy seal nenber") at the position other than
peri pher al Spaat 10feobibis engt@dirodt isTSubstpatiedly the samsekasrspacer 106 ofithtetdirdacuum
chanber, and g ri heralfseéé Penber 103, is. irradiated with the ultraviolet
light to cERB ‘ﬁ’é‘F tiSERY oSt DISEIRRASET PRIHOD TPR3RASH ATRRVE HDGAL IS MBBE ¢ he
i quiy@ cryst.al..pape } i i : Lqui d
crystlgl paﬁ&e Og'f a?r#resﬁgéor‘r&bdqo %gts%%é??%%ﬁ%%lé%gg%hﬁ?oFPg%% ltdcgf?/#st%lg'l drive
el enents, anbbdimenttarpeutstanaally the samé wetheke ofthe shisdiebadimbhtlhfdvdesatipAon
| nsul ator Metal) may be used, or passive (nmultiplex) drive not using the
drive el enﬂ?‘?{e"fﬂﬁeﬁf’tﬁ@’e&?ﬁl oyed. When using the liquid crystal panel as the

di splay panel, b&o&vaenllot%‘é forihdd l{;glgthtg?])gﬁgﬁ SHs3RUrYspRAR Portftin A3Y BASUREs t e

I
transparent type, refléctiont
second spacer portion 105b in a plan view. Although groove 105c¢ in this embodiment

15. has a continuously annular form, it may be discontinuous, Groove 105¢ has a V-shaped
sectional form in Fig. 19, but may have another form such as a U-shaped form.
Although a width F of groove 105¢ is not particularly restricted, it is preferably in a
range from 0.2 um to 2 um, Likewise, a depth G of groove 105¢ is not particularly
restricted, but is preferably in a range from 0.2 um to 1 pm.

20 In a plan view, groove 105¢ surrounds second spacer portion 105b so that
second spacer portion 105b can readily and elastically deform according to the load
caused by the error in liquid crystal drop quantity and the changes in temperature, and
the load can be absorbed more reliably.

(Fifth and Sixth Embodiments)

25 In the third and fourth embodiments, each of first and second spacer portions
105a and 105b has the truncated conical form, but the forms of first and second spacer
portions 105a and 105b are not restricted to it. Figs. 21A and 21B schematically show

spacers of fifth and sixth embodiments, respectively, and each include a plan (upper

-32-



transparent-reflection dual type. -31 This enbodi nrent has been described in
connection with the nethod of manufacturing the |iquid crystal panel by the
liquid crystal drop adhesion nethod. However, another type of liquid
crystal panel nmay be produced using the substrates with the spacer
according to the invention. 5 (Fourth Enbodinment) Fig. 19 is a cross section
schematically showi ng the substrate with the spacer according to a fourth
enbodi ment of the invention, and Fig. 20 is a plan thereof. Spacer 105 of
this enbodinment is substantially the sane as spacer 105 of the third

enbodi ment except for that first spacer portion 105a has a groove 105c at
its upper 10 portion. Therefore, the forns, sizes and manufacturing nethod
of spacerquusn)(ﬂﬂdtamrgss Senthmd(ilmmmpcmlm)substantl ally the sanme as those of

the third errbodl ereof, is not rep ove 105c¢
formed near the™ c’t"ﬂ?ﬁn ggyglé%ﬁﬂa%%%grétra &qur{grﬁp}@jlgowgﬁgﬂgﬂd

spacer porﬁdscarbxr%ﬁépcmxdﬂczﬁ'f&@n \éhﬁ%cdﬁhtsﬁéﬁéggoﬂl 0968h Ay De!tHrmidY S e”boo“ ment

15 has a continuously annular form it y be 3| scont | huous. G oove 105c has
a V- shapedsubsteatialigraah céntem)fnhe Eb[gporllgn obfitst sagehporéionnoshelleotativelychs as a

U-shaped fqQrm Although awd F of groove 105¢ is not particularly
rest r Pct edShopn ip&igy2d e?eéBP@SIP%e%POYFI%é@b maybepfomedaba pasiphery ehihedor a dept h

G of 91 00vBertBR e Qe BILEYOAL ! Ypal 08 Lk Bbh of FigrAlCLAPbY | 1

range fro Vi ew, “groove urrounds”second

spacer por tdnQibstfiahilg @cméxaeteﬁeagc‘sﬂmhr&@me opgfat:ex@rlom'mectmi hRadbunh and
el astically deformaccording to the load caused by the error in liquid

crystal drepbefi@entity and the changes in tenperature, and the |oad can be
absor bed nore rfﬁ‘b b%lé Fift? and Sixth Enmbodi nents) 25 In the third and
fourth enbodi ne E?l 151mes rst and second spacer portions 105a and -105b

has gyhe truncat gigs; QA s&Rnd P4 pBMfont 1Es Ha"®58in {He'third Sfifapgond spacer

embodiments have the truncated conical forms, and those in the fifth embodiment have
the circular cylindrical form. In other words, each of spacer portions 105a and 105b in
the third to fifth embodiments has the circular top and circular bottom surface.
However, the forms of the top and bottom surfaces of spacer portions 105a and 105b

15 are not particularly restricted, and for example, these may be polygonal or elliptic.
Each of the top surfaces of spacer portions 105a and 105b may not be parallel to the
substrate surface, and may be inclined with respect to the substrate surface. 'When a
sectional surface, which is parallel to the substrate surface, of the top or bottom portion
of spacer portion 105a or 105b is not circular, the longest line segment among straight

20 line segments crossing the sectional surface is referred to as the "diameter”.

The third to sixth embodiments have been described in connection with the
structures that include spacers 105 each formed of two spacer portions 105a and 105b.
However, the spacer may have a multi-step structure formed of more than two spacer
portions.

25 Although the present invention has been described and illustrated in detail, it is
clearly understood that the same is by way of illustration and example only and is not to
be taken by way of limitation, the spirit and scope of the present invention being limited

only by the terms of the appended claims.
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portions 105a and 105b are not restricted to it. Figs. 21A and 21B
schematically show spacers of fifth and sixth enbodi nents, respectively,
and each include a plan (upper -32 portion) and a cross section (| ower
portion). As shown in Fig. 21A, each of first and second spacer portions
105a and 105b has a circular cylindrical form and second spacer portion
105b may be forned substantially at a center of the top portion of first
spacer portion 105a. Alternatively, as 5 shown in Fig. 21B, second spacer
portion 105b may be fornmed at a periphery of the top portion of first
spacer portion 105a. Spacer 105 shown in each of Figs. 21A and 21B can
substantially achieve effects simlar to those of spacers 105 of the third
and fourt hln tliARmicability her Enbodi ments) 10 First and second spacer

portions 105a A05h. in the third and fourth ..enbodj nents,.have th
truncated coni (a:.gf‘ie ?‘X?rﬁ‘bo,n cgﬁg'etaﬂ‘é@éa%eﬂuﬁh%” ‘leﬁa lt%thgg‘g‘gbq %ﬂfﬂ ‘H%RE/}%Y p?r}?g

circul ar cyld mekedRld JfohdRufdcburRichRE iNRd e8/staPdiSPaPpaipacer portions 105a and
105b in the third to fifth enbodi ments has the circular top and circul ar
bot t om sur Thesubstrpaavithr spacdre a¢aordisg of the ievenidgn cancbebured anthewrgardeELof spacer
portigns 105a, and 105 15 are not rtjcularly restricted, and for exanple,
Pheseommy  PChAIFGINGEL sAng Plants Barel Belckemissiartpaneh slectipehipmlc panclndt o
portions 10Ba..and 1056 may not be parallel to the substrate surface, and
may be inclined with respect to the substrate surface. Wen a sectional
surface, which is parallel to the substrate surface, of the top or bottom
portion of spacer portion 105a or 105b is not circular, the |ongest |ine
segnent anong straight 20 |line segnents crossing the sectional surface is
referred to as the "dianeter”. The third to sixth enbodi nents have been
described in connection with the structures that.include spacers 105 each
formed of two spacer portions 105a and 105b. However, the spacer may have a

mul ti-step structure forned of nore than two spacer portions. 25 Although
the present invention has been described and illustrated in detail, it is
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clearly understood that the sane is by way of illustration and exanple only
and is not to be taken by way of [imtation, the spirit and scope of the
present invention being limted only by the terns of the appended clains. -
33 Industrial Applicability The invention can be advantageously applied to
the liquid crystal display panel and the nethod of manufacturing the |iquid
crystal display panel. The substrate with spacers according to the invention
can be used in the organic EL 5 panel, inorganic EL panel, plasnma panel,
field em ssion panel, electrochrom c panel and others. CLAIMS 1. Aliquid
crystal display panel conprising: two substrates (I a, 1b, 3) fixed together
by a seal gﬁg&ﬁﬁ%(Z) with their main 5 surfaces opposed to each ot her;
liquid cry ) sealingly stored in a region surrounded by said two
substrates (I a, Ib, 3) and said seal nenber (2); and a plurality of

col umar spacers (5) arranged in the region surrounded by said two

substratesi(l a, AllRuiddryasidisidypameldonifeiriagr (2), wherein 10 said colum
spacers (5) are arranged such that a nunber density of said col ummar

spacers gradual fWo sibstretgs elst, db, IHixep segethies by asealgndmbnn(3) withthair maina di spl ay
regi og towar n outer periphery. 2. Aliquid crystal display panel

corrpr!%si n\é\'?urgaggs[w%gﬁ{)@ﬁagfeggeh a, Ib, 3) fixed together by a seal member
(2) with their [giidcrystl {G%eRingRN0sRE id #regafilsupionffied by Shid fvé Ebstrates (6)
sealingly stored in a region surrounded by said two substrates (I a, 1b, 3)
and sai d séal lbehiaed s{i@ peal areebar (uamd i ty of col unmar spacers (5) arranged

e gl O Sy SR YR8 Lol AR 1 S bty S5
substrates (1a, 1b, 3) and said seal member (2), wherein
10 said column spacex;s (5) are arranged such that a number density of said
columnar spacers gradually decreases as the position moves from a center of a display

region toward an outer periphery.

2. A liquid crystal display panel comprising:
15 two substrates (1a, 1b, 3) fixed together -by a seal member (2) with their main
surfaces opposed to each other;
liquid crystal (6) sealingly stored in a region surrounded by said two substrates
(la, 1b, 3) and said seal member (2); and
a plurality of columnar spacers (5) arranged in.the region surrounded by said two
20 substrates (1a, 1b, 3) and said seal member (2), wherein
a number density of said columnar spacers (5) in a first region (32) near an inner
side of said seal member (2) is smaller than that in a second region (31) inside said first

region (32).

25 3. A liquid crystal display panel comprising:
two substrates (1a, 1b, 3) fixed together by a seal member (2) with their main
surfaces opposed to each other;

liquid crystal (6) sealingly stored in a region surrounded by said two substrates
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a nunber density of said columar spacers (5) in a first region (32) near an
inner side of said seal nenber (2) is smaller than that in a second region
(31) inside said first region (32). 25 3. Aliquid crystal display panel
conprising: two substrates (la, Ib, 3) fixed together by a seal nenber (2)
with their main surfaces opposed to each other; liquid crystal (6)
sealingly stored in a region surrounded by said two substrates -35 (la, Ib,
3) and said seal nenber (2); and a plurality of columar spacers (5)
arranged in the region surrounded by said two substrates (I a, Ib, 3) and
said seal nenber (2), wherein a nunber density of said columar spacers (5)
inafirst region (32). except for a 5 display region is snaller than that
in a secondladbi Prandzaid)segumemnbes (Bxirad first region (32). 4. Aliquid crystal

di spl ay panel conprising: two substrates (la,. 3) fixed together, by a
seal munber(2) STy REeokiRen St TR RbbeBarealon i pERERY S8 Wb qui o
crystal (6)utseatesMed MbsStdGaid kel rﬁ@rﬁlbé?'lz)S,Wh%EBined by said two substrates
(la, Ib, 3) and said sedl nember (2); and a plurality of columar spacers
(29, 30) arrangeduinbet densitegf sand selnmozmspecerbif) is aifidsttregios (Iytexatmdo(d a, | b,
3) an% sai % sFaI menber 21) erein said col wmar s.gacer Z__Eézg,. 3;2% i ncl ude:
15 a £ rst “EBIaYAFPD & 5matier thaminat asecondregion () onridp sagicstrepisg 5 Pei ng

hi gher than said first columar spacer (30) when receiving no |oad; said
first columar spacer is arranged in a first region (34) near an inner side
of said sdal nealend (RFytahdidplay paebochpréggagpn (33) | ocated inside said first
region (34); and 20 said second c¢ol umar spacer (2‘1%33 is arranged in said

€

second region (%P sutstraes s, Hba3 bixeddrasthentiyrd s7g! membefi(2y vathiBetamain spl ay
panel conprg, i g opposed to each other:;
10 liquid crystal (6) sealingly stored in a region surrounded by said two substrates
(1a, 1b, 3) and said seal member (2); and
a plurality of columnar spacers (29, 30) arranged in the region surrounded by
said two substrates (1a, 1b, 3) and said seal member (2), wherein
said columnar spacers (29, 30) include:
15 a first columnar spacer (30), and
a second columnar spacer (29) being higher than said first columnar spacer (30)
when receiving no load;
~ said first columnar spacer is arranged in a first region (34) near an inner side of
said seal member (2) and a second region (33) located inside said first region (34); and

20 said second columnar spacer (29) is arranged in said second region (33).

5. A method of manufacturing a liquid crystal display panel comprising:
a spacer forming step of forming columnar spacers (5) on one or both of two
substrates (1a, 1b, 3) to be adhered together, said spacer forming step being configured
25 to form said columnar spacers (5) such that a number density of said columnar spacers
decreases as the position moves from a center of a display region to be formed toward

an outer periphery.
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a spacer formng step of form ng columar spacers (5) on one or both of two
substrates (I a, 1b, 3) to be adhered together, said spacer formng step

bei ng configured 25 to form said colummar spacers (5) such that a nunber
density of said columar spacers decreases as the position noves froma
center of a display region to be forned toward an outer periphery. -36 6.
The nmet hod of manufacturing the liquid crystal display panel according to
claim 5, further conprising: a liquid crystal drop applying step of
applying a drop of liquid crystal (6) to one or both of said two substrates
(la, I'b, 3), wherein 5 said liquid crystal drop applying step applies a

smal l er quantity of liquid crystal (6) than a cal cul ated val ue obtai ned
when said fwo sEb@;mﬁlod@fmaaufabtmring)theaﬁcwitbawsﬂal dibplag panebaccdording éaclainot her by
a distance_q desi %n.ed_ value. 7. A nethod of manufacturing a liquid
crystal di é’pé“ﬁserp“é’% S¥8nprising: 10 a spacer formng step of forning

col umar spacerg 11&11.2%1] gﬂ@ta@ H%poir?g%ﬁe%‘st of Ilyri]rgg"é)ﬁfc%aéfqﬁluﬂ égxsgtlhl%) %3 oh® be

adhered toget her; a seal rra step of ‘arr a seal
menber (2) ooboth offedid tws wtfsaraieé §)a, ab, Inehereidoot h of the substrates (la, |b,
3) to_be adhered . .tqQgether, wherein, said spacer formng step is configured
to foPm said cofditaHd sys@bApP@EPplyingcHep applipne sraaliﬁmﬁémtltm@ﬁgwlgl ca¥stdai d

col umnar_ SRSRLcs (Muidl Bld fRbinkE 00 o3 Bho B9RIAR (18T 5) ey 521 0 502!

menber (2)I's sna I'n a second feglion said first

region. 8. spebed freinach 6fhermbya inbinte bNe désighelivalued crystal display panel
according to claim 20 7, further conprising: a liquid crystal drop applying

step of applying a drop of liquid crystal (6) to one or both of said two
substrat o531, B o br RS Tl b a5 bl E5BGRELY L0, 1P,
obtapged when sgisghckiR i3St mhihg colubnasipaés (PREROAEST both of two
substrates (1a, 1b, 3)- to be adhered together, and
a seal member arranging step of arranging a seal member (2) on a main
surface(s) of one or both of the substrates (1a, 1b, 3) to be adhered together, wherein
said spacer forming step is configured to form said columnar spacers (5) such
15 that a number density of said columnar spacers (5) in a first region (32) near an inner
side of said seal member (2) is smaller than that in a second region (31) inside said first

region.

8. The method of manufacturing the liquid crystal display panel according to claim
20 7, further comprising;
a liquid crystal drop applying step of applying a drop of liquid crystal (6) to one
or both of said two substrates (1a, 1b, 3), wherein
said liquid crystal drop applying step applies a smaller quantity of liquid crystal
(6) than a calculated value obtained when said two substrates (1a, 1b, 3) are parallel

25 spaced from each other by a distance of a designed value.

9. A method of manufacturing a liquid crystal display panel comprising:

a spacer forming step of forming columnar spacers (5) on one or both of two
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25 spaced from each other by a distance of a designed value. A nethod of
manufacturing a liquid crystal display panel conprising: a spacer formng
step of form ng columar spacers (5) on one or both of two -37 substrates (I
a, Ib, 3) to be adhered together; and a seal nenber arrangi ng step of
arranging a seal nenber (2) on a main surface(s) of one or both of the
substrates (la, Ib, 3) to be adhered together, wherein said spacer formng
step is configured to form said col unmar spacers (5) such 5 that a nunber
density of said columar spacers (5) in a first region (32) avoiding a

di splay region to be fornmed is smaller than that in a second region (31)
outside said first region. 10. The nethod of manufacturing the liquid
crystal di supb@atep@acid, 3¢ cobéladigrédiogbemand0 9, further conprising: a liquid
crystal drop applying step of applying a drop of liquid crystal (6) to one
or both of sai d? s&abmember arEangingstep, ofi asranging aghddmesmbes42)on a @in crystal drop

| yi | d | i iquid | 6 h
ol cul at ed a8 st of LR MaaRe aliofehite dboth Bibsefirtd e ghmad 2, a1
15 spaced from ﬁ?c?iba@érff%ﬁni'ﬁg gfepqi séipafedab 8t 884 9HRthntApP48ers §3) sdpet hod of

manufacturing a liquid crys di spl ay panel conprising: ‘a spacer formng
step df f othaf apuroldrudensity ofsaideroduniiGy spaversn(8) ora fist regedn (BBbavadingtar at es (1 a,

| b, 3) to be .adhered et her_; [ st ep .of
3 ¥ 48 PRI Arsthe

0 ;. and 20 a, seal menber arrangin
arrangi ng HSRIBATeEHRE TR oE Tersjedd shallarithan it in 3 seand Tggiop ALt
substrat es Ll

% a, Ib, 3) to be adhered together, wherein said spacer formng
step is configured to forma first columar spacer (30) in a first region
(34) near an inner side of said seal nmenber (2), and to formthe first

col umar spacer_(30) and a second col utmar spacer (29) higher than said
first col uthar Themeihed of magplaciusing thesligwdicryatgl ¢ipplpapgne] spsorting i elam r st

regi 9p (34b.ﬁ1&§erc%m%“l&%§; ate with a spacer conprising a substrate (101); _and
a spacer forned on

a liquid crystal drop applying step of applying a drop of liquid crystal (6) to one
or both of said two substrates (1a, 1b, 3), wherein

said liquid crystal drop applying step applies a smaller quantity of liquid crystal
(6) than a calculated value obtained when said two substrates (1a, 1b, 3) are parallel

15 spaced from each other by-a distance of a designed value.

11. A method of manufacturing a liquid crystal display panel comprising:
a spacer forming step of forming columnar spacers (5) on one or both of two
substrates (1a, 1b, 3) to be adhered together; and
20 a seal member arranging step of arranging a seal member (2) on a main
surface(s) of one or both of the substrates (1a, 1b, 3) to be adhered together, wherein
said spacer forming step is configured to form a first columnar spacer (30) in a
first region (34) near an inner side of said seal member (2), and to form the first
columnar spacer (30) and a second columnar spacer (29} higher than said first columnar

25 spacer {30) in a second region (33) inside said first region (34).

12. A substrate with a spacer comprising a substrate (101); and a spacer formed on

said substrate (101), wherein
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said substrate (101), wherein -38 said spacer (105) has at l|least a first
spacer portion (105a), and a second spacer portion (105b) forned above said
first spacer portion (105a), and an upper portion of said first spacer
portion (105a) has a larger dianeter than a bottom of said second spacer
portion (105b). 5 13. The substrate with the spacer according to claim12,
wherein the upper portion of said first spacer portion (105a) has a groove
(105c) surrounding said second spacer portion (105b) in a plan view 10 14.
The substrate with the spacer according to claim 12, wherein assunm ng that
an upper portion of said spacer (105) has a dianeter of C, and said spacer
(105) has a height of Hfromthe bottomto the upper portion, said spacer
(105) has a diamedpaterqliof)had aklehst a%rstr%ﬁ&r%bnld?ﬂflb%)t, 2 a GnBapacer di anet er
of (1.05 x C) or less at a height of (0.85 x H fromthe bottom of said
spacer (10mrtion (105b)formad pbowel saldafirstapacdigostidnsilPaa)e and athuppee pspémes!

according to, ¢claim12; an sed substrate (102) opposed.to said substrate

(101) wit b S%T?&E@rp,o”é%aﬁg&ﬁf’étail@ﬁe P‘@F‘ieéfha“@al&?é&%gmf 88d et ween

sai d SUbSt{E’%F&gO% _leg)h t he spacer and sai d opposed substrate (102). 20
e c

16. The pa cording to claim 15, wherein said function material layer is

alighid crystal layer (104). 17. A nethod of manufacturing a panel
according to claim 16, conprising the steps 25 of formng a frame-|ike seal
menber (108 onlhe siipisate 3k the ppaseracspragatogiaing) 2 whetaikt rate (101) with the

spacer and sai dtth‘Bﬁ%e@,éor%‘#]“bééﬁr@@fgg#%%;&?gﬁ%{ %ﬁiorslg) l%slaig%&ge (clbgé’)t al materi al

to an inside of
surrounding said second spacer portion (105b) in a plan view.

10 14.  The substrate with the spacer according to claim 12, wherein
assuming that an upper portion of said spacer (105) has a diameter of C, and said
spacer (105) has a height of H from the bottom to the upper portion, said spacer (105)
has a diameter of (1.8 x C) or more at the bottom, and has a diameter of (1.05 x C) or

less at a height of (0.85 x H) from the bottom of said spacer (105).

15
15. A panel having the substrate with the spacer according to claim 12; an opposed
substrate (102) opposed to said substrate (101) with the spacer, and a function material
layer interposed between said substrate (101) with the spacer and said opposed substrate
(102).
20
16,  The panel according to claim 15, wherein
said function material layer is a liquid crystal layer (104).
_ 17. A method of manufacturing a panel according to claim 16, comprising the steps
25 of:

forming a frame-like seal member (103) on a substrate surface of one of said
substrate (101) with the spacer and said opposed substrate (102),

applying a liquid crystal material to an inside of a frame of said seal member
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-39 (103); and adhering said substrate (101) with the spacer and said
opposed substrate (102) together to formsaid liquid crystal |ayer (104).

(103); and
adhering said substrate (101) with the spacer and said opposed substrate (102)
together to form said liquid crystal layer (104).
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