1 DESCRI PTI ON METHOD OF MANUFACTURI NG DI SPLAY DEVI CE AND DI SPLAY DEVI CE
MANUFACTURI NG APPARATUS TECHNI CAL FI ELD The present invention relates to a
met hod of manufacturing a display device capable of displaying a
high-quality imge, and a display device nmanufacturing apparatus used in
the nethod of manufacturing the display device. BACKGROUND ART In recent
years, as a reduction in weight and profile of electronic display devices
has been in increasing demand, various Kkinds of electronic display devices
such as light emtting diodes (LEDs), plasma display panels (PDPs) and

liquid crystal displays (LCDs) prerRaem@Rvel oped. Anong the electronic
di spl ay devices, specifically LCDs have characteristics such as high i mage

quality, low profile, light weight and | ow power consunption, and LCDs are
used for a large nunber of end products such as cl ocks, televisions,
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quality, it is specifically inmportant to have as uniform a space
TECHNICAL FIELD
The present invention relates to a method of manufacturing a
display device .capable of displaying a high-quality image, and a
display device manufacturing apparatus used in the method of

manufacturing the display device.

BACKGROUND ART

In recent years, as a reduction in weight and profile of
electronic display devices has been in increasing demand, various
kinds of electronic display devices such as light emitting diodes
(LEDs), plasma display panels (PDPs) and liquid crystal displays
(LCDs) have been developed.

Among the electronic display devices, specifically LCDs have
characteristics such as high image quality, low profile, light weight
and low power consumption, and LCDs are used for a large number
of end products such as clocks, televisions, personal computers and
projectors, so compared to other electronic display devices, LCDs are
used in various application areas. A typical LCD has, for example,

a structure in which a liquid crystal material is sandwiched between



(which is called gap) between the pair of glass substrates as possible

t hroughout an effective screen area. The above gap between the gl ass
substrates is determned in a bonding step in a nethod of manufacturing
the LCD. Conventionally, in the bonding step, after an alignnment film and
a seal pattern are forned on facing surfaces of the pair of glass
substrates, the glass substrates are bonded together with, for exanple, a
spherical spacer (bead) with a certaifi dianmeter in between, and then
pressure is applied to them and the seal pattern is cured (refer to, for

exarpl e, Japanes PNEXATBRG-RRLCnd AP AL 89 SbCRLLR: Nona

6- 331993) . this case, the alignnment filmis formed on the whole surface

of a portyanehi Gh jaiblbehFe A1 ARbBY Ao BLLECHY GrilffARNa kAL and the

seal pattern i or e ective screen area Is surrounded
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t her noset i ng r,esin or f}:h .like is generally used. A glass substrate is

pl aced on hautan affechiives§ieste® %t es whi ch face each other and each
has a flat surface, and in _a state where a pressure of approximtely 1
kg/cn? is uni f@?‘Fﬁ%b%‘ﬁpgﬁﬁé’@tté}m@ﬁ’et%&l%ssgﬁ’éé%traéﬂﬁéﬁrdétt%l,n”@ﬁ'é 183
pattern is cured so as to formthe gap. At this tinme, in the case where
the UV cubebfling es$tepi s insed asmebkodmt ef | amapufgetetiagsedhepatliePn, in
order to allow the seal pattern to be irradiated with ultraviolet rays, as
a surfaceCphatatumadlsi e thé dserding step, after an alignment film and a

seal pattern are formed on facing surfaces of the pair of glass
substrates, the glass substrates are bonded together with, for
example, a spherical spacer (bead) with a certain diameter in
between, and then pressure is applied to them, and the seal pattern
is cured (refer to, for example, Japanese Unexamined Patent
Application Publication No. Hei 6-331993). In this case, the
alignment film is formed on the whole surface of a portion which
will be a display area (effective screen area), and the seal pattern is
formed so that the effective screen area is surrounded with the seal
pattern, and the seal pattern has a liquid crystal inlet in a part
thereof. As the seal pattern, an ultraviolet (UV) curable resin, a
thermosetting resin or the like is generally used. A glass substrate
is placed on each of a pair of surface plates which face each other
and each has a flat surface, and in a state where a pressure of
approximately 1 kg/cm? is uniformly applied to the whole glass
substrates, the seal pattern is cured so as to form the gap. At this

time, in the case where the UV curable resin is used as the material



one substrate, a material with high UV transmttance such as quartz gl ass
Is used. As a surface plate on a side closer to the other substrate, in
order to uniformy apply pressure to the glass substrates, a netal plate
with high flatness or a netal plate to which a buffer material wth
el asticity such as rubber is attached is wused. Further, in a state where
pressure is uniformy applied to the glass substrates, UV rays are applied
to cure the W curable resin, thereby the gap is fornmed (W press nethod
using plate). On the other hand, in the case where the thernosetting resin
is used agr {lie seal PALLAINind%rERENtsULIRGE Mt &S] TRIttENAMH epea Netal
pl ate capable of easily obtaining parallelismon which a thin buffer
material w - . tjClty. .l r , o1 f the
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di stribution of pressure app e es is mnimzed.

Moreover, in a state where pressure.is unf applied to the glass
substr at e8h8, SuPb PR i T SlpERal ek, 2Rk, SV bearfiRly Ret SR efaby " he
gap is forned wever, in the case.where the gap.s.forned i ng the
Ibove” spalBATt: BTN bidhy BRcbruRialh biate S SrPdeielofty T ekt stBeraner o
the spacer js not djspersed in the effective screen area, that is, the
case wher 8ubgigradpachh pﬁ%ﬁ shoseaioamlyi raRply serassyset dPn thghefaspr essure
is uniformy applied to the i)air of glass substrates, the _pressure is
appl i ed t substragasy a meetdaplya: meth hagh ulebpessherspasestad phake 4bso the
effective screen area in which no spacer is included, so the glass

subst r at ewhinhtahdudfdrentateeiad cwednebrsticisy sudbnaednbbkenskattached is

used. Further, in a state where pressure is uniformly applied to
the glass substrates, UV rays are applied to cure the UV curable
resin, thereby the gap is formed (UV press method using plate). On
the other hand, in the case where the thermosetting resin is used as
the seal pattern, as both surface plates, for example, a metal plate
capable of easily obtaining parallelism on which a thin buffer
material with low hardness, and elasticity is used. Thereby, bias of
the distribution of pressure applied to the glass substrates is
minimized. Moreover, in a state where pressure is uniformly
applied to the glass substrates, heat is applied to cure the
thermosetting resin, thereby the gap is formed.

However, in the case where the gap is formed by using the
above spacer, the following problem arises. At first, in the case
where the spacer is not dispersed in the effective screen area, that is,
the case where the spacer is disposed only in the seal pattern, when
pressure is uniformly applied to the pair of glass substrates, the

pressure is applied to not only the seal pattern including the spacer



as aresult, a problemthat an uniformgap is not fornmed ari ses.
Specifically in the case of having a |arge effective screen area, a

noti ceabl e dent is made. Mdreover, in the case where the spacer is
uniformy dispersed in not only the seal pattern but also the whole
effective screen area, an uniformgap can be fornmed; however, there nmay be
cases where such an adverse effect that m salignnment around the spacer
during operation, for exanple, passagg of light occurs, or the spacer is
visually recogni zed is exerted on image quality. D SCLOSURE OF THE

| NVENTI ONy 41 158 WheT e fF0& 17078804 N Grehlid S IRCHORS @placet ibhacluyantson to
provi de a method of manufacturing a display devicée in which a display
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manuf act ured,” and a ay devi ce nmanufacturing apparatus can be

lied to th hod of f ' di spl devi I hod of
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of a display area in each f a_plurality of the display panels on at |east
one of a papiceabls QenhgsgnagarfA@@%e%ferami%tC%%ﬂagtsbeaqeet%apa@éé%nd
substrate facing each other; a position agﬂJusti ng step of using a pair of
surface phatfesminadispgraedanrnof opdy dhicesealuppbtican but slso dhetwhete of whi ch
a projected

effective screen area, an uniform gap can be formed; however, there

may be cases where such an adverse effect that misalignment

around the spacer during operation, for example, passage of light

occurs, or the spacer is visually recognized is exerted on image

quality.

DISCLOSURE OF THE INVENTION

In view of the foregoing, it is an object of the invention to
provide a method of manufacturing a display device in which a
display device capable of displaying a higher-quality image can be
efficiently manufactured, and a display device manufacturing
apparatus which can be applied to the method of manufacturing a
display device.

In a method of manufacturing a display device according to
the invention, the display device comprises a predetermined display
panel, and the method comprises: a seal pattern forming step of
forming a seal pattern along an outer edge of a display area in each

of a plurality of the display panels on at least one of a pair of facing



portion pattern with a planar shape corresponding to the seal patternis
formed to adjust positions of the first substrate and the second substrate
between the pair of parallel surfaces so that the seal pattern coincides
with the projected portion pattern; and a bonding step of bonding the
first substrate and the second substrate arranged in the position

adj usting step together through applying pressure to the first substrate
and the second substrate in a directjon vertical to the parallel surfaces
by the pair of surface plates so as to have a predeterm ned space between

the fi rStsuﬂ‘éQé% rét & gndit BEp§GLRIafHL St kBESnd aé\ﬂb&‘fﬁ!t@gfatcﬁlﬁgtsﬁiéh pattern.

In the nethod of manufacturing a display device according to
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corresponding to an effective screen area in each of a plurality of
di spl ay psemsingl s@bsprafesbetween the wriif orfinpgraliel §m8¢@9ysaﬁﬁ1ateéh@o al |
.areas corresponding to the seal patterns. In a display device
manuf act uséalg pagpamatasnecieer diith the projected portion pattern; and a
bonding step of bonding the first substrate and the second substrate
arranged in the position adjusting step together through applying
pressure to the first substrate and the second substrate in a
direction vertical to the parallel surfaces by the pair of surface
plates so as to have a predetermined space between the first
substrate and the second substrate, and curing the seal pattern.
In the method of manufacturing a display device according to
the invention, the positions of the first substrate, the second
substrate and the pair of surface plates are adjusted so that the seal
pattern formed along the outer edge of a display area in each of a
plurality of display panels coincides with the projected portion
pattern with a planar shape corresponding to the seal pattern, and
pressure is applied to the first substrate and the second substrate in
a direction vertical to the parallel surfaces by the pair of surface
plates. Therefore, while pressure is hardly applied to areas of the

first substrate and the second substrate corresponding to an

effective screen area in each of a plurality of display panels,



I nvention, the display device conprises a predeterm ned display panel, and
t he di spl ay device manufacturing apparatus conprises: a pair of surface

pl ates having a pair of parallel surfaces on at |east one of which a
projected portion pattern with a planar shape corresponding to a seal
pattern along an outer edge of a display area in each of a plurality of
the display panels is fornmed; a position adjusting neans of adjusting the
positions of a first substrate and a zsecond substrate having a pair of
facing surfaces on at |east one of ich the seal pattern is forned

bet ween thesnaide AaPapal hiliforSHIY 2688 SArbhgly tBfphedl watdier agegsnci des
with the projected portion pattéern; and a bondi ng neans of bonding the

first subgélrl%tsgoﬁaﬂl% he thgeﬁc?%g gars]c%)lsﬁ ate arranged in the position

adj usti ng nean oget her 't appl'ying pressure to the first substrate

and the second;_substrate hn a direction vertica h | e urfaces
by the pair o%ns%r e Ig?‘élscesglaa%utaéjtﬁﬁvég aa&#%éégyér%cﬁogﬂ’éﬁégak%gbet ween
the first substrat agﬁ t?e secand substrat e, anddcgri n%b(;trfgedse?l pattern
In the di YhYSRMORY| RRFRC YA SHPRFMGTs 2 BFEAHbEITE 5P ¢he first
substrate, the second &;bitrate_and the pair of surface plates are
adj ust ed Banehaandfdesdisplandevice manpircuging Apragatus coOmREses” & di spl ay
area in each of a plurality of display panels _coincides with the projected
portion paaikph swrface pprtasahayiepea paie ofrraydindi sagrfases mn adaleaght t ern,
and pressure is applied to the first substrate and the second substrate in
a directioneveftwdatht a tpwejegbadalpbetiosunfatesn byitiheapapilanaf shapece
pl ates. Therefore, while

corresponding to a seal pattern along an outer edge of a display area

in each of a plurality of the display panels is formed; a position

adjusting means of adjusting the positions of a first substrate and a

second substrate having a pair of facing surfaces on at least one of

which the seal pattern is formed between the pair of parallel

surfaces so that the seal pattern coincides with the projected portion

pattern; and a bonding means of bonding the first substrate and the

second substrate arranged in the position adjusting means together

through applying pressure to the first substrate and the second

substrate in a direction vertical to the parallel surfaces by the pair

of surface plates so as to have a predetermined space between the

first substrate and the second substrate, and curing the seal pattern

In the display device manufacturing apparatus, the positions
of the first substrate, the second substrate and the pair of surface
plates are adjusted so that the seal pattern formed along the outer

edge of a display area in each of a plurality of display panels

coincides with the projected portion pattern with a planar shape



pressure is hardly applied to areas of the first substrate and the second
substrate corresponding to an effective screen area in each of a plurality
of display panels, pressure can be uniformy and strongly applied to al
areas corresponding to the seal patterns. BRI EF DESCRI PTI ON OF THE DRAW NGS
FIGs. 1A and 1B are a schematic plan view and a schematic sectional view
of a display panel included in a display device according to a first

embodi ment of the invention; FIG 2 is a sectional view of a nmain part of
the display panel shown in FIGs. 1A and 1B; FIG 3 is an overall flow

char - of ' &$,G88pbAdimioh ok OloaITBAMASK Uihd0pdudbs apydeud g8 shown i n

FIGs. 1A and 1 Is a plan viewin a step anong the steps shown in
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FIG 3; FIGs. 9A through 9C are (f,chematic vi ews for descrihing the
second substrate correspon

ing to an effective screen area in éach of
a plurality of display panels, pressure can be uniformly and strongly

applied to all areas corresponding to the seal patterns.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGs. 1A and 1B are a schematic plan view and a schematic
sectional view of a display panel included in a display device
according to a first embodiment of the invention;

FIG. 2 is a sectional view of a main part of the display panel
shown in FIGs. 1A and 1B;

FIG. 3 is an overall flow chart of steps in a method of
manufacturing the display device shown in FIGs. 1A and 1B;

FIG. 4 is a plan view in a step among the steps shown in
FIG.3;

FIGs. BA and 5B are schematic views of a display device
manufacturing apparatus for the display device shown in FIGs. 1A
and 1B;

FIG. 6 is a plan view of a main part of the display device
manufacturing apparatus shown in FIGs. 5A and 5B;

F1Gs. 7TA and 7B are enlarged plan views of the main part of



step shown in FIG 8; FIGs. 10A and 10B are sectional views for describing
the step shown in FIG 8; and FIGs. 11A and 11B are schematic views of a
di spl ay devi ce nanufacturing apparatus according to a second enbodi nent of
the invention. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON [First

Enbodi nent] A first enbodi nent of the invention wll be described bel ow
referring to the acconpanying drawings. At first, referring to FIGs. 1A and
1B, the structure of a display devicg according to the enbodi ment of the
invention will be described below FIGs. 1A and 1B show the structure of a

di spl ay pﬁ?@uiélpwgi Edvick SnAnWRASL R E fpdraeudisHRhaY ifeMigesaccording to
t he enbodi nent. | G 1A shows a plan view viewed fromdirectly above, and

FlG B 1s 8 geelienals HoGchakeniahAy & dtkfCabiclly 1ABk0hs BiGwAA T an
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arrow direction. The di spoay ane ornmed as arr active-matri X
reflective ll’?&ul? crystal display device. In FIG 1A for convenience 9 of
under st antft & ‘a’top substrate 7 (which will be described later) is now

shown. As sho i Fl Gs., 1A and 1B, the display. panel 1. conpr.ises a
rect angul ar b\gﬁgﬁr s(#bst?’rraf‘gﬁZan&r? h%c‘iﬁﬂé’&?ﬁﬁgéeﬂs &8{’) %"’l.?ﬁgﬁ?‘é‘ﬁe%kf? and a
di splay portion 31 _an% % seal pattern 4 which are sandw ched
step shown in FIG. 8;
FIGs. 10A and 10B are sectional views for describing the step
shown in FIG. 8; and
FIGs. 11A and 11B are schematic views of a display device

manufacturing apparatus according to a second embodiment of the

invention.

BEST MODE FOR CARRYING OUT THE INVENTION
[First Embodiment]

A first embodiment of the invention will be described below
referring to the accompanying drawings.

At first, referring to FIGs. 1A and 1B, the structure of a
display device according to the embodiment of the invention will be
described below.

FIGs. 1A and 1B show the structure of a display panel 1 which
is a main part of the display device according to the embodiment.
FIG. 1A shows a plan view viewed from directly above, and FIG. 1B
is a sectional view taken along a line I(B)-I(B) of FIG. 1A in an
arrow direction. The display panel 1 is formed as an active-matrix

reflective liquid crystal display device. In FIG. 1A, for convenience



bet ween the bottom substrate 2 and the top substrate 7. A space between
the bottom substrate 2 and the top substrate 7, that is, a gap 4His, for
exanpl e, approxinmately 2.0 m Mboreover, the display panel 1 can be
separated into two main parts, that is, an effective screen area 3 and an
el ectrode pad area 5. In the effective screen area 3, a plurality of

pi xels are formed in a matrix, and the effective screen area 3 is an area
where an inmage is actually displayedy and is surrounded with the seal
pattern 4 with a strip shape. In the electrode pad area 5 separated from

the effechf uadesSiaRTIng! @atod BMbbhatecA(wRASK &Filll Be dIbcBIJELte@Ni®! ectrode
for connection to outside i's fornmed. In the top substrate 7, a portion

corresponﬂé&gsﬁ&{hhe el ectrode pad area 5 does not exist. The bottom
substrate is, for exanple, a substrate of silicon (Si) or the |ike on

i
whi ch a sem co t Vi Ok At like. s . thi ckness of
approxi matel y %Q;L’%rﬁ%\& n$ﬁeF§§B' gébgg(riajtﬁe’ 171113 idslg}?riéggpg;flggqn%ﬁgp?lzﬁtegm# th high
ul traviol et transm ttance suc a | ass,, and.has a thickness of, for
exanpl e, qu%l‘ﬁi’oﬁg‘ Slﬂﬁ%{afj%%a@ Leftagevdey i%rsq‘rb(f&ﬁ% zr ong an
outer edge Qf the _effective screen area 3, and is .provided to.preyent a
liquid cryBflat digplayapertian %ﬁm@havﬁqaﬁ Rdtaer & wﬁaafllaaftee%f}né&ﬂgh mponent
of the display portion 31, with which the effective screen area 3 is
filled, b?%ﬁ?%i% betfiosn supsduats deapyl theltopgsubsidate bond shacdhott om

substrate 2 and the top substrate 7 together. The seal pattern 4 is nade
of , for chetween the bbttoavioihstrite/R eodathe topssuhstaate ilcthatess, a

gap 4H is, for example, approximately 2.0 pwm. Moreover, the
display panel 1 can be separated into two main parts, that is, an
effective screen area 3 and an electrode pad area 5. In the effective
screen area 3, a plurality of pixels are formed in a matrix, and the
effective screen area 3 i1s an area where an image is actually
displayed, and is surrounded with the seal pattern 4 with a strip
shape. In the electrode pad area 5 separated from the effective
screen area 3 by the seal pattern 4, an extraction electrode for
connection to outside is formed. In the top substrate 7, a portion
corresponding to the electrode pad area 5 does not exist.

The bottom substrate 2 is, for example, a substrate of silicon
(Si} or the like on which a semiconductor device or the like is formed,
and has a thickness of approximately 0.7 mm. The top substrate 7
is made of a material with high ultraviolet (UV) transmittance such
as glass, and has a thickness of, for example, 0.7 mm. The seal
pattern 4 is an adhesive layer formed along an outer edge of the

effective screen area 3, and is provided to prevent a liquid crystal



a spherical spacer 4A wth a certain diameter. The spacer 4A corresponds
to a specific exanple of "a space adjusting nenber” in the invention.
Moreover, the seal pattern 4 has a liquid crystal inlet 6 as an opening in
a part thereof. The liquid crystal inlet 6 is provided to inject the
liquid crystal layer 18 in a step of manufacturing the display panel 1,
and the liquid crystal inlet 6 is sealed wth a sealing nenber (not

shown). The display portion 31 is fqgmed in the effective screen area 3,
and includes the liquid crystal layer 18 and so on. The display portion 31

wi |l be dpsedy D@ (WHicHOWA110%eRidesBRibRE 1RED), arse%eﬁebhzlri;fl)riéhtﬂo@ tRe the

sectional structure of the effective screen area 3 W be described in

det ai - - i hew t of
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een ar ay panel 1 shown I 1A and
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containing no alkali. The transparent electrode 9 is nmade of |1TO (Indium
Tin Oxidep whhehiced spaedr A wiihder cferiadl udhamederandThienspaegy t he
like, and is specifically provided to secure electrical conductivity while
securi ng vomiespendigiut a specific example of "a space adjusting member” in

the invention. Moreover, the seal pattern 4 has a liquid crystal

inlet 6 as an opening in a part thereof. The liquid crystal inlet 6 is

provided to imject the liquid crystal layer 18 in a step of

manufacturing the display panel 1, and the ligquid crystal inlet 6 is

sealed with a sealing member (not shown). The display portion 31

is formed in the effective screen area 3, and includes the liquid

crystal layer 18 and so on. The display portion 31 will be described

in more detail below.

Next, referring to FIG. 2, the sectional structure of the
effective screen area 3 will be described in more detail below.
FIG. 2 is an enlarged sectional view showing a part of the

effective screen area 3 of the display panel 1 shown in FIGs. 1A and

1B, and the effective screen area 3 has a structure in which the

bottom substrate 2, the display portion 31 and the top substrate 7

are laminated in order. As shown in FIG. 2, the top substrate 7

includes a glass substrate 8 and a transparent electrode 9 which is

formed on a side of the top substrate 7 closer to the bottom substrate



transm ttance. The transparent electrode 9 functions as a current path for
applying a voltage to the liquid crystal |ayer 18 together wth a
reflective pixel electrode 14 (which will be described later) to control
the action of liquid crystal nolecules included in the liquid crystal

| ayer 18. The thinner the thickness of the liquid crystal layer 18 is, the
nore the response tinme of the liquid crystal nolecules when a
predeterm ned voltage is applied is rigduced, so the liquid crystal

nol ecul es can be controlled at high speed. The display portion 31 includes

an al i gnneihrbub® dhpdraRion bethd ISkyYSt aihd akfys hdhandtaB @l madeesy film 11
which are fornmed on "the transparent electrode 9 in order froma side
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used. The bottom substrate 2 includes a Si substrate 16 made of a silicon
si ngl e criransmighaee. a Thvobramesnarentselestrode§ Bomiterv@s geangent or
di splay control, an insulating |ayer 13, a base layer 12 and the
refl ecti vpaphxfolr appltingde veltage diodthe fligwidh csyetalf bantereil8 together

with a reflective pixel electrode 14 (which will be described later) to

control the action of liquid crystal molecules included in the liquid

crystal layer 18. The thinner the thickness of the liquid crystal

layer 18 is, the more the response time of the liquid crystal

molecules when a predetermined voltage is applied i1s reduced, so

the liquid crystal molecules can be controlled at high speed.

The display portion 31 includes an alignment film 10, the

liquid crystal layer 18 and an alignment film 11 which are formed on

the transparent electrode 9 in order from a side closer to the top

substrate 7. The liquid crystal layer 18 is made of predetermined

liquid crystal molecules, and the liquid crystal molecules are

selected depending upon applications, performance requirements

and the like. The alignment films 11 and 10 function to align the

liquid crystal molecules of the liquid crystal layer 18 to a certain

direction, and have a groove in a predetermined direction. As the

material of the alignment films 11 and 10, for example, a fired

polyimide varnish or an evaporated inorgamic material (vertical



fromthe top substrate 7. The base |ayer 12 has, for exanple, a

three-layer structure (TINTi/TiN) in which atitaniumfilmis sandw ched
between two titaniumnitride films, and functions to help the formation of
the reflective pixel electrode 14 (specifically to inprove the adhesive
strength) in a manufacturing step. In the reflective pixel electrode 14, a
pi xel groove 17 is forned in a lamnate surface so as to separate the
reflective pixel electrode 14 into ijpdividual pixels. The pixel groove 17
extends in a direction vertical to a paper plane, and is filled with the

al i gnment afi?gh%éﬂt filA SPERE 1hahHveedde pixel grooves 17 is, for exanple,
approximately 8 to 9 [tm Moreover, the reflective pixel electrode 14 is

separated by g oouen©X AR bAIdHEES INpRtaLLE1d ikl draper Pl ane

in the |am nate surtace. IS pre e that the reflective pixe

el ectrode_314 is_mm f...Lor m ) num ( r_the 1] xhi biting
i gn ref reton ity SoveelorER o O VRS SRR Toe? 4 el iin P pe

| i ke, and,has a.thi,ckness approxi mately, from100 150 nm.so as.to
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the bottom substrate 2 and .the top sybstrate 7 13 _preferahly, have a
surface raaéhhlé%sreé}ecénze [nzmbretl%tggam 14j 1 padggsiron fa t%ge Yfarthes
roughness is larger than 0.2 [tin_ it is difficult to uniformy apply
pressure fromothd AR snbstvatectt omhsubgseatayer ARdhashéox @p&ambéu rate 7

corresponding to the seal pattern 4 in a bonding step of a manufacturing
net hod whtlteenddyerbestdastutebeiNATeATiN) in which a titanium film is

sandwiched between two titanium nitride films, and functions to
help the formation of the reflective pixel electrode 14 (specifically to
improve the adhesive strength) in a manufacturing step. In the
reflective pixel electrode 14, a pixel groove 17 is formed in a
laminate surface so as to separate the reflective pixel electrode 14
into individual pixels. The pixel groove 17 extends in a direction
vertical to a paper plane, and is filled with the alignment film 11.
A space between the pixel grooves 17 is, for example, approximately
8 to 9 um. Moreover, the reflective pixel electrode 14 is separated
by a groove extending in a direction parallel to the paper plane in
the laminate surface. It is preferable that the reflective pixel
electrode 14 is made of, for example, aluminum (Al) or the like
exhibiting high reflectivity in a visible light region through
sputtering or the like, and has a thickness approximately from 100
to 150 nm so as to sufficiently function as a reflective plate and an
electrode.

Moreover, the bottom substrate 2 and the top substrate 7



Further, in the display panel 1 as such a reflective liquid crystal

di splay device, light incident fromthe top substrate 7 is nodulated to

di splay an i nage, so when the spacer 4A is disposed near the reflective

pi xel electrode 14 so as to have a uniform space between the bottom
substrate 2 and the top substrate 7, the spacer 4A is visibly recognized.
Therefore, it is preferable that no spacer 4A is disposed in the effective
screen area 3. Next, referring to FIGg. 3 through 8, a nethod of

manuf acturing a display device and a di spl ay devi ce manufacturing

appar at USP?&fé%Eﬂf%a% 4 BRrAIHROFY edd bf ObE udesercbed BehoWechhbe 3 shows
an overall flow chart of steps in the nethod of manufacturing a display

devi ce acﬁprtﬂiengléfﬁchgo%@tfﬁgéﬁgt lal‘%%.r SRR P ﬂne‘iéi?’is therpgihed of

manuf act uring a di'sp vice ‘according to the ‘enbodi nent is broadly

di vided ipto.f 0 0 1. ' oS, trate
form ng sﬂggfof %i&pggﬁgif%ggﬁp%a% ?ﬁ’ro#titgsmggghgt gélpgtf’ ISI{ gg‘%éﬁ’?%e, zaéll?d? spl ay
panel assegnblin t (step S103) ,and, a nodul & assenbl jng ste step
508 . “Thebe B heiPaed 7 irarasnedies FBse i SERE R A OF £ BPRAME e
substrate 16 ip the bqttom substrat and t t substrate 7 in 14 the
di spl ay patdl Ogavﬁﬁﬁéﬁ‘%?%t‘glﬁﬁirﬁeﬁa?(f“é\‘mgh‘@ﬂgﬁ?p&%ﬁrg@# i%t.erThe bott om
substrate 2 is_obtained, for exanple, through cutting a_ silicon wafer with
a predet er m nefurbhekniwsthe hisnlay Ipavsl di mgl euckr gsreflectigot lipyid) i ci ng,

and then mrror -polishing the wafer by a polishing apparatus or the Iike.
The top scipsttehtdisplay deviced light incident from the top substrate 7 is

modulated to display an image, so when the spacer 4A is disposed
near the reflective pixel electrode 14 so as to have a uniform space
between the bottom substrate 2 and the top substrate 7, the spacer
4A is visibly recognized. ThAerefore, it is preferable that no spacer
4A is disposed in the effective screen area 3.

Next, referring to FIGs. 3 through 8, a method of
manufacturing a display device and a display device manufacturing
apparatus according to the embodiment will be described below.

FIG. 3 shows an overall flow chart of steps in the method of
manufacturing a display device according to the embodiment. As
shown in FIG. 3, the method of manufacturing a display device
according to the embodiment is broadly divided into four steps (steps
S101 through S104), that is, a substrate forming step (step S101), a
pattern forming step (step S102), a display panel assembling step
(step S103) and a module assembling step (step S104).

The substrate forming step (step S101) is a step of forming the

Si substrate 16 in the bottom substrate 2 and the top substrate 7 in



exanpl e, through formng the transparent el ectrode 9 on the gl ass
substrate 8 processed by a float process by vacuum evaporation of |1TO or
the like. The next pattern formng step (step S102) is a step of

| am nating the CMOS device 15, the insulating |layer 13, the base |ayer 12
and the reflective pixel electrode 14 in order on the Si substrate 16 of
the bottom substrate 2 which is prepared in the substrate formng step
(step S101) so as to forma predetergyned flat pattern. In this case,
patterning is carried out corresponding to each pixel in a portion which

will be the gid@ial! Y8nsT18PRIAH &R admaid}PRDYE tHdiHlalOMR FiUbSt rBHE 2 1S

conpleted for the ' neantine. The next display panel assenbling step (step

S103) i ' t i h j f - tion,
and & st oo PP sBEMERHE02 B e Rk g e he
di spla lce. ld.t t | I , I . | spl

panel o1 SR ARy OB o Brodire iR BaloidinsnBer d SRt el °0 0V
state in th | ddI f form i.splay . I 0 _incl udi

o1 ar al | {yoOral dpegy asiene and 1ERBotibH ol Ribe Be vilar he Cea
pattern 4 if' L,orrred on each ar.ea, where ilhe dispLa 15 panel 1 i? f or med.
The step RPRPRIE @RPETABRY Ornthfolidkedet BRP tom Brbstrate | bt Iamare 1A% senbl i ng
step (step S104) is a step of attaching a drive part or the |like for
driving téeamipdel dhreregh derming: the drapspgrenineleatrede chvnethe slage di spl ay

panel assenbling step (step S103) so as to forma finished product.
substrate 8 processed by a float process by vacuum evaporation of

ITO or the like.

The next pattern forming step (step S102) is a step of
laminating the CMOS device 15, the insulating layer 13, the base
layer 12 and the reflective pixel electrode 14 in order on the Si
substrate 16 of the bottom substrate 2 which is prepared in the
substrate forming step (step S101) so as to form a predetermined
flat pattern. In this case, patterning is carried out corresponding
to each pixel in a portion which will be the effective screen area 3.
Thereby, the bottom substrate 2 is completed for the meantime.

The next display panel assembling step (step S103) is a step
relating to a main characteristic part of the invention, and a step of
assembling the display panel 1 which is a main part of the display
device. In the step, as shown in FIG. 4, a plurality of display
panels 1 are collectively formed on one bottom substrate 2. FIG. 4
shows a state in the middle of forming a display panel group 100
including a plurality of display panels 1 on the bottom substrate 2,

and the seal pattern 4 is formed on each area where the display



Referring to FIGs. 5A and 5B, a bonding apparatus as the display device
manuf acturi ng apparatus according to the enbodinent used in the display
panel assenbling step (step S103) w Il be described below. FIGs. 5A and 5B
show schematic views of the bonding apparatus applied to the method of
manuf acturing a display device according to the enbodi nent, and FIG 5A
shows an opened state before applying pressure, and FIG 5B shows a state
of applying pressure. As shown in Fhgs. 5A and 5B, the bonding apparatus
according to the enbodi mrent conprises a bottomsurface plate 19 having a

paral l el syrEREqskYpmaad arh@%tﬁgr&ﬂpgeme%ﬁb%m idaydRodecnpladdrel surface
20S facing the parallel surface 19S, a position adjusting neans of

arrangi ng the t dhi th S 4 in determ ned
positions bet mgg% ?ﬁgf%?{lg?ﬁt e‘%s%re?g@éngl g‘t;éép%%gﬁdsltig%?tlosp asusg?gcgfpl ate
20, and a A : of...appl yi ressuy.e . e trate 2 and
the top s%%%tgﬂéﬁg f%?ﬁeg ad‘ﬂitr(glgtty1 nnﬁ%/igrjt%?c‘gfl%tl %gttﬁe Sg%a]]ta&gp ggﬁ&r%f g(ges 19S
and 20S ( l.rection the bottomsurface .plate 19 and the top surface
late. 2ofhedieelis RiheRd aesmpladdhotte BiRulEohendt affvmblfg Shetto ang
the top surfac l.ate 20 ve 16, a.pair of parallel surfaces 19S and 20S,
respect i vVEitgP Eglr{gg)a?? ando Hrmp%tf%@fsheg@”éﬁ{%%-in FIG 6 is formed on at

| east one of the pair of aral l el surfaces 19S and 20S. FIG 7A shows the
detail of the Refraréngpha t .26A gng 5B shboBdmpaarpiradmsapgethei ew of

the uneven pattern 26A as an exanple of the uneven pattern 26. The
display device manufacturing apparatus according to the

embodiment used in the display panel assembling step (step S103)
will be described below. FIGs. 5A and 5B show schematic views of
the bonding apparatus applied to the method of manufacturing a
display device according to the embodiment, and FIG. 5A shows an
opened state before applying pressure, and FIG. 5B shows a state of
applying pressure. As shown in FIGs. 5A and 5B, the bonding
apparatus according to the embodiment comprises a bottom surface
plate 19 having a parallel surface 19S and a top surface plate 20
having a parallel surface 20S facing the parallel surface 195, a
position adjusting means of arranging the bottom substrate 2 and
the top substrate 7 in predetermined positions between the bottom
surface plate 19 and the top surface plate 20, and a bonding means
of applying pressure to the bottom substrate 2 and the top substrate
7 in a direction vertical to the parallel surfaces 19S and 20S (Z
direction) by the bottom surface plate 19 and the top surface plate
20, and curing the seal pattern 4.

The bottom surface plate 19 and the top surface plate 20 have



uneven pattern 26A includes a projected portion pattern 27 with a flat
shape corresponding to the seal pattern 4 fornmed in each display panel 1
and a depressed portion pattern 28 with a flat shape corresponding to a
portion except for the seal pattern 4. In this case, the pair of parallel
surfaces 19S and 20S indicate surfaces where the depressed portion pattern
28 is formed. In the uneven pattern 26A, the projected portion pattern 27
and the depressed portion pattern 2§gare regularly arranged al ong an X
direction and a Y direction. The projected portion pattern 27 includes a

first projpares pardllOnswrfacextiulbng oSt besgedivalst a9l anduRevasond
projected portion 27B extending to the Y direction. the other hand, the

depr essed 9%&50@6%&% Nn2f1GNy !ﬂ@%ﬁrfﬁepi bitatd e RSsed of&%tbg& gBA with a
% S e eff and a

rect angul ar ape corresponding to t ective screen area
second de L.an | gri hape redn, %9? h I ze of
one di splgéggplgﬁglsw%%&se%lf%%ﬁa?ﬂ&n%ﬁé th‘qg‘lS rzg‘t F%%%Xﬁ&% érlrm ?r?tft ﬁ%éY
direction and the w.d of e, sea attern.4 is, 1.5 it Jd
ot ef or abl BpRES PAGRRGER: ol T FapWenh o AEIE A TAER VoM Ainthhe v
direction is, for exanple, 2 mm and .the wi dth of the second prgQjected
portion oRREV N {DALIRTR| 464 1A% AN gramplerqf; t aHavER pattarovgPeovbhe t he
hei ght of the projected i;:n)gr.tion pattern 27 (that is, the devﬁth_ of the
depr esseduperen draiparnedeA2gcludes s prejesbed Rovutier mathemh Ahevikbiyht of
the projected portion pattern 27 (the depth of the depressed portion
pattern 28ptishapei ¢anresporting op tharsfead gmtters dr foaxrveed agieaght dispbay t om
substrate 2 or the top
panel 1 and a depressed portion pattern 28 with a flat shape
corresponding to a portion except for the seal pattern 4. In this
case, the pair of parallel surfaces 19S and 20S indicate surfaces
where the depressed portion pattern 28 is formed. In the uneven
pattern 26A, the projected portion pattern 27 and the depressed
portion pattern 28 are regularly arranged along an X direction and a
Y direction. The projected portion pattern 27 includes a first
projected portion 27A extending to the X direction and a second
projected portion 27B extending to the Y direction. On the other
hand, the depressed portion pattern 28 includes a first depressed
portion 28A with a rectangular shape corresponding to the effective
screen area 3 and a second depressed portion 28B with a grid shape.
Herein, when the size of one display panel 1 is 11 mm (in the X
direction)x14 mm (in the Y direction), and the width of the seal
pattern 4 is 1.5 mm, it is preferable that the width of the first

projected portion 27A in the Y direction is, for example, 2 mm, and

the width of the second projected portion 27B in the X direction is,



substrate 7) of the projected portion patterns 27 which are fornmed on the
bottom surface plate 19 or the top surface plate 20 exist on the sane

pl ane. The bottom surface plate 19 and the top surface plate 20 nmay have a
pair of parallel surfaces 19S and 20S on at |east one of which the uneven
pattern 26B shown in FIG 7B is formed. The uneven pattern 26B has a

pl anar shape corresponding to the seal pattern 4, and includes a projected
portion pattern 29 and a depressed pgrtion pattern 30. The projected
portion pattern 29 includes a first projected portion 29A extending in an

X directip gRgnR18e80Rtn . PrIoSEs Rsk, RYe heNeROBOHLPIbBtEA ForYigh r ection.

On the other hand, the depressed portion pattern 30 includes a first
e fect; va»BRrh AP (A0 1, chelubRE BEINL Ao muaRed SIKARERRNA 28) o ea
007 O BORabl QRS TR R U Bl A RO 21
the. 11 stPpisTBctUsoRePoh o3 ahei e iiessd i ki BT 78IS BRYRGFE, 6
and the width of the second projected portion 29B jn 18 the X direction
is, for elkumprr suwiaggs K@rsw age f&%lmgngb%@%%@ prbstirate hevdieptiR ern 26A,
the height of the projected portion pattern 29 (that is, the depth of the
depr essedsostunbe Dact 6he BOYorted poetierabhiteamist 37 nvhickiasepissmaedn
adj usting neans in the bondi ng apparatus

on the bottom surface plate 19 or the top surface plate 20 exist on

the same plane.

The bottom surface plate 19 and the top surface plate 20 may

have a pair of parallel surface;.s 19S and 20S on at least one of which

the uneven pattern 26B shown in FIG. 7B is formed. The uneven

pattern 26B has a planar shape corresponding to the seal pattern 4,

and includes a projected portion pattern 29 and a depressed portion

pattern 30. The projected portion pattern 29 includes a first

projected portion 29A extending in an X direction and a second

projected portion 29B extending in a Y direction. On the other

hand, the depressed portion pattern 30 includes a first depressed

portion 30A with a rectangular shape corresponding to the effective

screen area 3 of the display panel 1 and a second depressed portion

30B with a strap shape extending in a Y direction. When the size

of one display panel 1 is 11 mm (X direction)x14 mm (Y direction),

and the width of the seal pattern 4 is 1.5 mm, it is preferable that

the width of the first projected portion 29A in the Y direction is, for

example, 6 mm, and the width of the second projected portion 29B in



according to the enbodinent is provided to position the bottom substrate 2
and the top substrate 7 between the pair of parallel surfaces 19S and 20S
of the bottom surface plate 19 and the top surface plate 20 so that the
seal pattern 4 coincides with the projected portion pattern 27 (29). The
position adjusting neans can include a table or the Iike (not shown) which
Is attached to, for exanple, the bottonlsurface plate 19, and is novabl e
to two axial directions orthogonal P each other and rotatable. The
bondi ng neans can include, for exanple, a press plunger or the |ike (not

shown) copiest ﬁqﬂéc‘%ﬂ §s, gfxt Qﬁh 1bagepfthat %Ja%oxféir tefbein tthléecés%abf pattern

4 can be cured throug yi ng ItraV| ol et rays | amp fromthe

top surfage ra'nae%% 2? fenglrzésfgf &Cgtﬁéﬁ%“%?ﬁe@ b L O@%{ﬁf sdt@gm | ayer

structure or ur e 'S “m one’ of
net al

d.cergmc et sur,f ace te 1S de of mat eri al
with hi gﬁgu\);htarq:aﬁgm a%e@tghcﬁoggegﬁggges%&% 1°?npgﬁ;eer8a where the
seal pattern tf?' g)a for exanple, a thernosetting resin or the |ike
except foP“ifﬁéa BB resin, the top surface plate 20 can be nmade of a

material such as metal or ceramc. 19 Next, referring.to FIGs. 1A through
2, and FlGs. 4Ther qeshtion, adigsging| ayaqmem atBenBPPAINSt @PPAKAERS i s a
mai n characteristic part in the manufactur met hod according to the
enbodi nenacearding beo didec reirbbadireeniy. 1STrpe*om®qxf d&p poseiionsskebboigmstep in
the manufacturing nethod according to the enbodi nent includes: a seal
substrate 2 and the top substrate 7 between the pair of parallel
surfaces 19S5 and 20S of the bottom surface plate 19 and the top
surface plate 20 so that the seal pattern 4 coincides with the
projected portion pattern 27 (29). The position adjusting means
can include a table or the like {not shown) which is attached to, for
example, the bottom surface plate 19, and is movable to two axial
directions orthogonal to each other and rotatable. The bonding
means can include, for example, a press plunger or the like (not
shown) connected to the bottom surface plate 19. Further, the seal
pattern 4 can be cured through applying ultraviolet rays R by a UV
lamyp from the top surface plate 20 side.
The bottom surface plate 19 has a single-layer structure or a
multilayer structure which is made of at least one of metal, glass
and ceramic. The top surface plate 20 is made of a material with
high UV transmittance such as glass. However, in the case where
the seal pattern 4 is made of, for example, a thermosetting resin or

the like except for the UV curable resin, the top surface plate 20 can

be made of a material such as metal or ceramiec.



pattern formng step in which a seal pattern is forned along an outer edge
of each of a plurality of display panels 1 on a facing surface of at | east
one of the bottom substrate 2 and the top substrate 7; a position
adjusting step in which the bottom substrate 2 and the top substrate 7 are
arranged between the pair of parallel surfaces 19S and 20S by using the
bottom surface plate 19 and the top surface plate 20 having the pair of
paral l el surfaces 19S and 20S on |eggt one of which the projected portion
pattern 27 (29) with a planar shape corresponding to the seal pattern 4 is

formed so_that NdbiersRahiats Itid! LOIASHHER M did IR PbRESGch AL [ On

pattern 27; a bonding step In pressure is applied to the bottom

substrate | | t,0 rt.i - 1k

par al | el t%eur(ﬁggleééh%bgg‘?egnggg%é%?é‘e%i%rt %@t‘?(l)l%ﬁ Ebi)% hs?ln%%t h}elgg%%t{eg%gtgﬁrface
late 19 _and.t top.surface plate, 20 so as. to. fqorma predeterm ned space
et ween (Rarbit t4m BasiipaREtol RitrRd 255700 3hE SmRRALEERL WAL °
pattern 4 is,cured; ,and. a cuttj ng,st in which the bottom substrate 2 and
Phe top shbedrstabsdaPeldins i The Aiuniy ganel: Sprelpbiertes. o \bhe
specific description will _be given below, FIG 8 shows a_flow chart of
speci fi c Badpiachuring methrgdyagasdingdo thesemmodimedtdpcludes %feag anong
the above four steps (steps S101 through S104). At first, the alignment
films 11 patter® fowming rddp om whiclho tseml spaterat & Joomed: Rlongmsubst rat e

7, respectively, which are forned in the substrate formng step (step

S101) andotter epaet of redetr wif ng siverplitst ep SEPR)Y (pstregds SL3dn) . a Ifacie st ep,
at first,

surface of at least one of the bottom substrate 2 and the top
substrate 7: a position adjusting step in which the bottom substrate
2 and the top substrate 7 are arranged between the pair of parallel
surfaces 1958 and 20S by using the bottom surface plate 19 and the
top surface plate 20 having the pair of parallel surfaces 19S5 and 20S
on least one of which the projected portion pattern 27 (29) with a
planar shape corresponding to the seal pattern 4 is formed so that
the seal pattern 4 coincides with the projected portion pattern 27; a
bonding step in which pressure is applied to the bottom substrate 2
and the top substrate 7 in a direction vertical to the parallel
surfaces 198 and 208 (Z direction) by using the bottom surface plate
19 and the top surface plate 20 so as to form a predetermined space
between the bottom substrate 2 and the top substrate 7, and the seal
pattern 4 is cured; and a cutting step in which the bottom substrate
2 and the top substrate 7 are cut into individual display panels 1.
More specific description will be given below.

FIG. 8 shows a flow chart of specific steps in the display panel



for exanple, the facing surfaces of the bottom substrate 2 and the top
substrate 7 are coated with a predeterm ned solvent in which a
concentration of polyimde or polyam de acid of approximately 5 to 10 w %
i s dissolved through spin coating, flexography or the like as wuniformy as
possi ble. Next, the solvent is fired and cured at a tenperature of 180'C
to 200' C through applying radiation heat, thereby the alignnment filns 11
and 10 are conpleted for the neantigg. Next, the alignment filns 11 and 10
are aligned (step S132). 1In the step which is a so-called rubbing step,

the surfagesfbliblgested) (H8PEG108) hiforlg tBEhHV RSy YhhRd(Wepl S1@ih or the

like in a predetermned direction so as to forma plurality of parallel
al i gnment T SO SR SR B B RIS e e or the
K 1 R RO Sy i e aal T RO BTIRP,
(5LP LSkl o % 380 DA B BbRog) Ty ohope 5
et RO L by STEE) e ) By B! 5,850
collectively fornmed on one bottom substrate 2. The height (thickness) of
the seal fsatesamplei thenhfasing epuifaces of theahptom supqtrate 2 and the

top substrate 7 are coated with a predetermined solvent in which a

concentration of polyimide or polyamide acid of approximately 5 to

10 wt% is dissolved through spin coating, flexography or the like as

uniformly as possible. Next, the solvent is fired and cured at a

temperature of 180°C to 200°C through applying radiation heat,

thereby the alignment films 11 and 10 are completed for the

meantime.

Next, the alignment films 11 and 10 are aligned (step S132).

In the step which is a so-called rubbing step, the surfaces of the

alignment films 11 and 10 are rubbed with cloth or the like in a

predetermined direction so as to form a plurality of parallel grooves

with an extremely small depth in a predetermined direction. The

alignment films 11 and 10 can be formed through oblique

evaporation or the like using an inorganic material. ' In this case,

the rubbing step is unnecessary.

Next, on the alignment film 11, the seal pattern 4 is formed

(step S133). For example, the seal pattern 4 with a predetermined

shape is drawn along an outer edge of the display panel 1 by a



Next, the bottom substrate 2 and the top substrate 7 are tenporarily fixed
to forma tenporarily fixed substrate 23 (step S134). In this step, as
shown in FIG 9A position adjustnment is carried out so that the central
position of the top substrate 7 coincides with the central position of the
bottom substrate 2 in an in-plane direction, and, for exanple, a W
curable resin attached to four tenporarily fixed positions 23K is

hal f-cured to fix the bottom substrghye 2 and the top substrate 7, thereby
the tenporarily fixed substrate 23 is fornmed. In this case, in order not

to cure thapeeabr RSLhESY UW cWrhB1dNpbRY TeshY I BMIhas @abar 44 ¥hawml ired only
to the UV Curable resin attached to four tenporarily fixed positions 23K

A space n t r h 0 Lo th
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theterrpor&rilyfixed substrate 23 (step S135). In this step, at first,

t he terrpo“lz MPy 22 fixed substrate 23 is inserted between the bottom
surface plate 19 and the top surface plate 20_in the bondi ng apparat us,
and the tenpolNgxt] yihiei bofitambstbatrate3 2 andotde tep apubstrgtand are¢ ection
or rotated in an in-plane direction by, for exanple, image processing or
the |ike tamperavilyafixgdotn foosi td dienzpiprsstile fixdbtswstrate ol | (shep

S134). In this step, as shown in FIG. 9A, position adjustment is
carried out so that the central position of the top substrate 7
coincides with the central position of the bottom substrate 2 in an
in-plane direction, and, for example, a UV curable resin attached to
four temporarily fixed positions 23K is half-cured to fix the bottom
substrate 2 and the top substrate 7, thereby the temporarily fixed
substrate 23 is formed. In this case, in order not to cure the seal
pattern 9 with UV rays, UV rays are partly applied only to the UV
curable resin attached to four temporarily fixed positions 23K. A
space between the bottom substrate 2 and the top substrate 7 in the
temporarily fixed substrate 23 is approximately 50 um, and the
space 1s formed so as to be sufficiently larger than the height of the
seal pattern 4 at this time (for example, 20 pm).

Next, the temporarily fixed substrate 23 is arranged in a
predetermined position between the bottom surface plate 19 and the
top surface plate 20, and pressure is applied to the temporarily fixed

substrate 23 (step S135). In this step, at first, the temporarily



100K of the display panel group 100 and an outline 26K of the wuneven
pattern 26 on the bottom surface plate 19 and the top surface plate 20
shown in FIG 9B. FIG 9B corresponds to FIG 6, and in FIG 9B, the
projected portion pattern 27 (29) are not shown. FIG 9Cis a conceptual
di agram (perspective view) showing a positional relationship between the
tenporarily fixed substrate 23, the bottomsurface plate 19 and the top
surface plate 20 in the case where gych position adjustnent is carried
out. As shown in FIG 9C, the outline 100K coincides with the outline 26K

Thereby, fRed sgdtrRed 18 s %sert%actae%é@hasheo%efonl Mf’%é deatw i the

projected portion pattern 27 (29 In the case where the projected portion

pattern 24,4280 Wobh sy *blﬁ%' 0 191 h '%ﬂg % Afg M diRgofpd he  seal

pattern 47TS ﬁ%)rrre on eaé%f par al surface ottom surface pI ate
19 and th rranuf act,u
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preferable to insert .a buffer %erlg é en. the bottom surface pl at e
19, the tHFadadiiacan jnap@reydinegtion,Byy i AR %f }BRge PLOGHSHRE Php
substrate 7. The buffer material 21 .s de of, r exanple, a _rubber

sheet , an@earlﬂtﬁatspn%fntgscaltrm eRhawsiten: Adi wiment %ﬁf‘@@?&r ap109diRRet er i ned
dependlng ug t he hardness of the rubber, the height of the p ected
portion Keof the (dsplaxt manelgsreunel0® pndssur eushines868n obel!re exanpl e,
t he buffer material 21 preferably has a thickness of approximately 1 nmm or
| ess (forueraepl pat@rn 26 omlttheobgliteine stirfatengdateah9bend the top

surface plate 20 shown in FIG. 9B. FIG. 9B corresponds to FIG. 6,
and in FIG. 9B, the projected portion pattern 27 (29) are not shown.
FIG. 9C is a conceptual diagram (perspective view) showing a
positional relationship between the temporarily fixed substrate 23,
the bottom surface plate 19 and the top surface plate 20 in the case
where such position adjustment is carried out. As shown in FIG.
9C, the outline 100K coincides with the outline 26K. Thereby, the
seal pattern 4 in each display panel 1 coincides with the projected
portion pattern 27 (29). In the case where the projected portion
pattern 27 (29) with a width equal to or larger than the width of the
seal pattern 4 is formed on each parallel surface of the bottom
surface plate 19 and the top surface plate 20, a manufacturing
margin 1s secured, so position adjustment can be more easily carried
out. In this step, it is preferable to insert a buffer material 21
between the bottom surface plate 19, the top surface plate 20 and
the bottom substrate 2 and the top substrate 7. The buffer

material 21 is made of, for example, a rubber sheet, and an optimum



changed dependi ng upon the above conditions. Wen the buffer material 21
Is inserted, in the case where pressure is applied, a |load can be inposed
nore uniformy on the whole portions of the bottom substrate 2 and the top
substrate 7 corresponding to the seal pattern 4. The buffer material 21
reduces bias of a pressure distribution when applying pressure and reduce
an i npact, so the buffer material 21 may be nmade of not only an elastic
body such as a rubber material but %so a material which has | ower

har dness than the bottom surface plate 19 and the bottom substrate 2 and

d i | Af t
pro ”C?’Sgt}?}'?ﬁﬁtebg_&?tﬂé rmtffeﬂ rﬁa% igXIPE, d Al iR aa ﬂetﬁ%gﬁ)on er

adj ustin e positions e out I ne 100K and t he 1 ne by using
the botto | atee p r a appl i ed
to the boﬁegbr%gés %at%tef Eﬁg I?i"p&f"tgielot %%éj H;e .zﬁrcggé elcjécﬁ.o%&%/ert i cal

to the paral]l el S this i referabl to.a pressure
in a ml tpg{tggg %Jflcgég %gmi:gde\ﬂ HFGFEH{)% §? &Ps a ot}mefiﬁﬁgpel%descri bed
bel ow. At fi as a flrst st , ssure | reI| nar|I applied slowy
(For " exante butfar maggpiad,d hareierabls ey bk igaeet aparoutnaiiof t o for
bubbles in the seal pattern 4, and th above state Is. held for a 24
pr edet er nfoadox ilaes (Fesxexazeple, s@dommd: ahthogah sihee thicknassi eam 2¢ owl v
(for exanple, with approximately 0.5 kg/ CM2 of pressure) so that a
pr edet er ntheuggdpdeperdding hpornghewaboret bendipiony. 4When thedyuffer gap 4H
wWith a size corresponding to the dianeter of the spacer 4A) is forned
bet ween t hextboidlddl ssibstered, 2nahe ¢dwe whpre pressure is applied, a load

can be imposed more uniformly on the whole portions of the bottom

substrate 2 and the top substrate 7 corresponding to the seal

pattern 4. The buffer material 21 reduces bias of a pressure

distribution when applying pressure and reduce an impact, so the

buffer material 21 may be made of not only an elastic body such as a

rubber material but also a material which has lower hardnéss than

the bottom surface plate 19 and the bottom substrate 2 and produces

plastic deformation (for example, aluminum or the like).

After adjusting the positions of the outline 100K and the

outline 26K, by using the bottom surface plate 19 and top surface

plate 20, pressure is applied to the bottom substrate 2 and the top

substrate 7 in a direction vertical to the parallel surfaces. In this

case, it is preferable to apply pressure in a multistage process, that

is, with temporal steps as will be described below. At first, as a

first step, pressure is preliminarily applied slowly (for example,

with approximately 0.1 kg/cm? of pressure) so as not to form bubbles

in the seal pattern 4, and the above state is held for a



substrate 7, and the bottom substrate 2 and the top substrate 7 are held

I n positions where the predetermned gap 4H is fornmed therebetween for a
predetermned tine. FIG 10A is a sectional view showi ng a positional

rel ati onship between the projected portion pattern 27 (29) and the seal
pattern 4 in this state. In FIG 10A, a sectional surface portion of the
bottom surface plate 19 corresponding to the projected portion pattern 27
(29) is represented by a projected ggrtion 19T, and a sectional surface
portion of the top surface plate 20 corresponding to the projected portion

pattern e ent y I e r T; hayn in
FI G 10,%\51‘?(%1&%%@9% g{?gé trﬁ%fo?ﬂc{e%cggﬁt ?%egg fi%%%ﬁg 1ZSOT zfrqe arranged

S0 as 1o s gsﬁgPde:Ia%bgtf ﬁzﬁ gﬁﬁfo@ﬁﬁa@e v 0E5 QLo 2 o mrla sRfessyre is

hardl y ap areas om’'s rate and op substrate 7
correspon tot e effectjve s a i m each,of a plurality of

i Spl 2y pﬁ?@eﬁge BrogFuSaied, Ko aEEih JhR sTo0 el ohe) sPafel IRuit b al
areas correspondin o) eal patterns B j.s enI ed view
of *a o ugeEtes EhndH o \/\%lzetﬁ’féf@?ﬁ?’éd%r%@ i dipmicder bt TEE

di spersed in the seal pattern 4. As _sh in FIG 10B, the bittom

subst r at espaegid 4dels ormadshetweery the bPB?Qﬁlt siebstartornaguh the top
corresponding to the dianmeter of the spacer 4A After that, while hol ding

the stat esubsiratersand dhesbefsphi eubstuster 2vnsl the rtapssubstratafpated t o

cure the seal pattern 4, thereby the bottom substrate 2 and the top

subst r at eh&ldarm bposieﬂ)nmgwhleee thtepredetermined gap 4H is formed
therebetween for a predetermined time. FIG. 10A is a sectional
view showing a positional relationship between the projected portion
pattern 27 (29) and the seal pattern 4 in this state. In FIG. 104, a
sectional surface portion of the bottom surface plate 19
corresponding to the projected portion pattern 27 (29) is represented
by a projected portion 19T, and a sectional surface portion of the top
surface plate 20 corresponding to the projected portion pattern 27
(29) is represented by a projected portion 20T. As shown in FIG.
10A, in an XY plane, the projected portions 19T and 20T are
arranged so as to correspond to the seal pattern 4. Therefore,
while pressure is hardly applied to areas of the bottom substrate 2
and the top substrate 7 corresponding to the effective screen area 3
in each of a plurality of display panels 1, pressure can be uniformly
and strongly applied to all areas corresponding to the seal patterns
4. FIG. 10B is an enlarged view of a part of FIG. 10A, and shows

the state where the spacer 4A is dispersed in the seal pattern 4. As

shown in FIG. 10B, the bottom substrate 2 and the top substrate 7



S136). In this case, for exanple, U rays with a light |level of 100 MN CW
are applied to the whol e di splay panel group 100 through the top surface
plate 20 and the top substrate 7 for 60 seconds. After that, pressure is
gradual ly reduced to conplete the formation of the gap 4H Finally, the

di spl ay panel group 100 formed through bonding the bottom substrate 2 and
the top substrate 7 is cut into individual display panels 1 with a di anond
cutter or a super-steel cutter, and o,gfter a predeterm ned |liquid crystal
material is injected into the display portion 31 fromthe liquid crystal

inlet 6, P&%%’;@%ﬁ%ﬁfjﬁgéﬁ 4H %ﬁlte oirﬁiﬁgado%éfvah{m@t@ﬁaﬂﬂ@ sgﬁg@ﬁr or the

like (step Sl e di splay panel” assenbling step in
manuf act ugihng nethod according to the enbodi ment is conpleted, thereby the
di splay panél 1 is conpleted for the neantine. Thus, as the display panel

roup 100 for t hroough ndi ng,. the baottom substrate 2 and_the t.0
Tubstrate 71 Bt FRRS AR hAfRY e Sraf pe PR e P RBATE wi ch a
uni form gap can be efficiently.. uf actured whjl e i ntaini ng high qualit
and hi gh GHREIIRICE drvy. R 256 SROHEL AP BU Hboseal PRUNE febhorrior the |
manuf acturing a display device and the display device panufacturing
appar at ushaties guhgtiae 2 padebh tepsmbstatecf arge d egetdes BteR f or ned

along the outer edge of each of a plurality of display panels 1, by using
t he bott ofl36kr f dnethibatasel Jonwgantele, dgVsrayaaeithl adigltolaveliafgl@0 pai r of

mW/cm?2 are applied to the whole display panel group 100 through
the top surface plate 20 and the top substrate 7 for 60 seconds.
After that, pressure is gradually reduced to complete the formation
of the gap 4H.

Finally, the display panel group 100 formed through bonding
the bottom substrate 2 and the top substrate 7 is cut into individual
display panels 1 with a diamond cutter or a super-steel cutter, and
after a predetermined liquid crystal material is injected into the
display portion 31 from the liquid crystal inlet 6, the liquid crystal
inlet 6 is sealed with a sealing member or the like (step S137).
Thus, the display panel assembling step in the manufacturing
method according to the embodiment is completed, thereby the
display panel 1 is completed for the meantime.

Thus, as the display panel group 100 formed through bonding
the bottom substrate 2 and the top substrate 7 is cut into individual
display panels 1, display panels with a uniform gap can be
efficiently manufactured while maintaining high quality and high

productivity.



paral l el surfaces 19S and 20S on at | east one of which the projected
portion pattern 27 (29) with a planar shape corresponding to the seal
pattern 4 is forned, the positions of the bottom substrate 2, the top
substrate 7, the bottomsurface plate 19 and the top surface plate 20 are
adjusted so that the seal pattern 4 coincides with the projected portion
pattern 27 (29), and pressure is applied to the bottom substrate 2 and the
top substrate 7 in a Z direction vertjgcal to the parallel surfaces 19S and
20S by using the bottomsurface plate 19 and the top surface plate 20.

Therefore, whi Jé\%t LT E albdveNdh Ahe ARIthbEDLE Al eBSteFidd s &a%?ww

substrate 2 an e top substrate 7 corresponding to the effective screen

area 3 | nagal fg{ldq:hepﬁféi)g%ﬂ%éﬁ{:% then R an LMt atus RGBSR €41 De

uniformy a rongly areas corresponding to tHe seal
patterns so.even if a.s er or,the like dogs n LSt

ef fecti veﬁg%reé%ho‘i%%nz’ﬁftﬁga%?p?'%%]s o teirgl rbsdg%réﬁg{lnﬁiéﬁg té]#‘{‘]«5)(R:’Ih]|8]\['/e screen
area 3. As.a result, .a space.pet n the botto ubstrate.2 and the top
Subst rat o5d5e QfrEACh Bf  RLCGHiY AL COAD B BATELS iy P SRt oS BB <pl
device wth_ higher inmage quality can bg%ﬁeffi ciently manpufactured.

Speci fi cafRyfach phetecash ambrida Hoppsurfrses RIate at@ ha¥me thebatr ofop
substrate 7 have a surface roughness of 0.2 Rmor less, in the bonding

step, prepsvabetanrfrsesatd$ anch@0Snon@tnlgassppia ofl whichpihe poaiscsedt he
bottom substrate 2 and the top substrate 7 corresponding to the seal
pattern 4poMivropettersp8fi {2Pamtivhi a plamarashaphecerrehpondalg pat then 4 is
seal pattern 4 is formed, the positions of the bottom substrate 2, the
top substrate 7, the bottom surface plate 19 and the top surface
plate 20 are adjusted so that the seal pattern 4 coincides with the
projected portion pattern 27 (29), and pressure is applied to the
bottom substrate 2 and the top substrate 7 in a Z direction vertical
to the parallel surfaces 19S and 20S by using the bottom surface
plate 19 and the top surface plate 20. Therefore, while pressure is
hardly applied to areas of the bottom substrate 2 and the top
substrate 7 corresponding to the effective screen area 3 in each of a
plurality of the display panels 1, pressure can be uniformly and
strongly applied to all areas corresponding to the seal patterns 4, so
even if a spacer or the like does not exist in the effective screen area
3, no depression is produced in the effective screen area 3. As a
result, a space between the bottom substrate 2 and the top substrate
7, that is, the gap 4H can be uniformly secured, so a display device

with higher image quality can be efficiently manufactured.

Specifically in the case where the bottom substrate 2 and the



formed so as to include the spacer 4A, no spacer 4A exists in the

effective screen area 3, so no degradation in imge quality due to the
spacer such as msalignnent, for exanple, passage of |ight around the
spacer during operation, or visual recognition of the spacer occurs.
Further, specifically in the position adjusting step and the bonding step,
when the bottom surface plate and the top surface plate on which the
projected portion pattern 27 (29) wibh a width equal to or larger than the
wi dth of the seal pattern 4 is fornmed are wused, a margin can be secured

during mepf aGhUEEdY3 7SRat e RO dLRougHhESE NG ok R TEE igaghd Y
carried out. Still further, Iin the case where the buffer material 21 is

i nserted b urf.ac I 9 he,.t: f -Dh a 20,

t he botto%gézgﬁg]r%%gﬁg%%qr%p Csaglb?:fe;)a esﬁ)ﬁl %nﬁogléﬁg%r?we %@%eg nor e
uniformy_on-.the ol.e paertions qf. the, bottom,s trate t he, t op
substrat epc?rr%&%??e\é\’%oﬁg?ngw;t O’Phes%beszgratepa tear]}'nd 4?ﬁ§hé$éb§%‘§%%%r gap can
be formed nore eaaiglbé/. Ig adg{it iagn, igthe bondi ng step, in the case where
pressure TEYeSPER £ tPRSBOPEIHE SuBst rate 2 and the top substrate 7 in a
28 multistage_process, a uni f(lz)rm,gagl can be forned nore stably. ,éSecond
Enbodi ment] NeMorepgesrspergiically v theiease whems the geah pptsern 4 1

manuf acturing a di splay device and a di splay device nmanufacturin
appar at usfarseed diongst & ansbulendhensratiare 4, ono tspaceRvEHt $XIFtHILN

effective screen area 3, so no degradation in image quality due to the
spacer such as misalignment, for example, passage of light around
the spacer during operation, or visual recognition of the spacer
occurs.

Further, specifically in the position adjusting step and the
bonding step, when the bottom surface plate and the top surface
plate on which the projected portion pattern 27 (29) with a width
equal to or larger than the width of the seal pattern 4 is formed are
used, a margin can be secured during manufacturing, so the position
adjustment can be more easily carried out.

Still further, in the case where the buffer material 21 is
inserted between the bottom surface plate 19, the top surface plate
20, the bottom substrate 2 and top substrate 7, a load can be
imposed more uniformly on the whole portions of the bottom
substrate 2 and the top substrate 7 corresponding to the seal
pattern 4, thereby a uniform gap can be formed more easily.

In addition, in the bonding step, in the case where pressure is

applied to the bottom substrate 2 and the top substrate 7 in a



descri bed below. FIGs. 11A and 11B shows a bondi ng apparatus as the display
devi ce manufacturing apparatus according to the enbodi nent, and correspond
to FIGs. 5A and 5B in the first enbodinent. As in the case of FIGs. 5A and
5B, FIG 11A shows an opened state before applying pressure, and FIG 11B
shows a state of applying pressure. In FIGs. 11A and 11B, |ike conponents
are donated by like nunerals in FIG. 5A and 5B. In the follow ng
description, mainly different pointssggn the nethod of manufacturing a

di spl ay device and the display device manufacturing apparatus according to

the e”bC’dhﬁﬁ@{sth@'BﬂoEé@@ a ANSRITA %&pt@aﬁ e folriidd arleditamny. W Il be
descri bed bel ow, "and other points wll not be further described. In the

first e”bfgjér{j?m]lt ﬁﬁﬁ'&dfﬂ?@ﬁ m surface plate 19 made of netal, glass,

ceramc of t e1ls use and the buffer material 21 made of a rubber

sheet or the |jke Ser et nt bot t rface 19.and t he

tenporarily fl&a{t'sug% errgpig fla ﬁ@ﬁé h@fqh IL;m% n&ig gg‘%@g’%h %f

embodi nent t om sur te 22 st.ic surface on which the
ot o] ect eqtipTERAGHLpRE By HiopraB e il pnd ot dishlay ofFvict manrEictudfrdce | s
sed. Mdre specifically,, shown iin F 1A 11B, t ho t he buffer
lr:nt eri al QRPQF‘WE}“I ae%qréwgm%@scwéteénizg&%nﬁe?r#g‘eaznme@wtpn &aherZA ;nd

an elastic l|ayer 22B is used. The bottom surface plate 22 includes the
rigid | aydesaibpediglow.

FIGs. 11A and 11B shows a bonding apparatus as the display
device manufacturing apparatus according to the embodiment, and
'correspond to FIGs. 5A and 5B in the first embodiment. As in the
case of FIGs. 5A and 5B, FIG. 11A shows an opened state before
applying pressure, and FIG. 11B shows a state of applying pressure.
In FIGs. 11A and 11B, like components are donated by like
numerals in FIGs. 5A and 5B.

In the following description, mainly different points in the
method of manufacturing a display device and the display device
manufacturing apparatus according to the embodiment from those
according to the first embodiment will be described below, and other
points will not be further described.

In the first embodiment, the bottom surface plate 19 made of
metal, glass, ceramic or the like is used, and the buffer material 21
made of a rubber sheet or the like is inserted between the bottom
surface plate 19 and the temporarily fixed substrate 23. On the
other hand, in the second embodiment, a bottom surface plate 22

with an elastic surface on which the projected portion pattern 27



the elastic layer 22B lamnated in order froma side opposite to the top
surface plate 20. The rigid layer 22A is made of, for exanple, a netal
material, and has high rigidity. A surface of the rigid |layer 22A on a
side closer to the elastic layer 22B is flat without projections and
depressions, and a press plunger or the like as a bonding neans is
connected to the other surface of the rigid |ayer 22A. The elastic |ayer
22B is nade of a material with a hig nodul us of elasticity such as
rubber, and a projected portion pattern 27 (29) is formed on a surface 22S

facing th 0 e,plat ci,kiLgal [ er 22B
Is pref erg')b )y&ng%aéﬁlgg (l)\IlLI:%Ra?l ;J(ear%fa '? 1reill %@{fﬁﬁ%gﬁ) Pg%%l ylllj\? %It‘%]ggge%)f?ﬁ\lflhﬁoﬁézm th a

hariness olesf PGS, 10U Sin DRINC SRl Uipilas e yer 228

is, for exanp I's case,

proj ect ed rtion atter 7 (2 i.s preferahly 1 Thys, in the second
Broba; monbSttoms BitRStarafs 20 friadifsbt SiEd Jave? 228 g LTeddt: ure o
the rigid | é,,ZA and the elastic layer 22B, and the projected portion

aye
pattern 2]?13’(92"%2 1% %I anar shape corresponding to the seal pattern 4 is

formed on the surface 22S in contact with the tenporarily fixed substrate
23, so wit hout The berfemysrurércarnlata 42 inginfdes tduEisng lagsdi 44 3#4 pi ng) of
the tenporarily fixed substrate 23, pressure can be nore strongly and

reliably tipplelastic dager 2R damippbediingontden froms eabidmppepadesothe
plurality of display panels 1. In the second enbodi nent, the bottom surface
pl ate 22 top surface plate 20. The rigid layer 22A is made of, for example, a
metal material, and has high rigidity. A surface of the rigid layer
22A on a side closer to the elastic layer 22B is flat without
projections and depressions, and a press plunger or the like as a
bonding means is connected to the other surface of the rigid layer
22A. The elastic layer 22B is made of a material with a high
modulus of elasticity such as rubber, and a projected portion pattern
27 (29) is formed on a surface 228 facing the top surface plate 20.
More specifically, the elastic layer 22B is preferably made of NBR
(nitrile rubber), polyurethane or Viton with a hardness of 50° or 70°.
Moreover, the thickness of the elastic layer 22B is, for example, 2
mm to 5 mm, and in this case, the height of the projected portion
pattern 27 (29) is preferably 1 mm.
Thus, in the second embodiment, the bottom surface plate 22
includes a two-layer structure of the rigid layer 22A and the elastic
layer 22B, and the projected portion pattern 27 (29) with a planar

shape corresponding to the seal pattern 4 is formed on the surface

228 in contact with the temporarily fixed substrate 23, so without



I ncludes two | ayers, but may include three or nore | ayers. However, a
portion in contact with the tenporarily fixed substrate 23 is required to
be an elastic |layer. Next, specific exanples in the first enbodi nent and
the second enbodi ment will be described below [First Exanple] On the
basis of the manufacturing nethod according to the first enbodi nent, the
di spl ay panel group 100 including 136 display panels | was fornmed on the
bottom substrate 2 including the Si ggubstrate 16 nmade of a |arge-sized
silicon wafer with a dianmeter of 8 inches ( 203 nm. The size of one

di splay pggel b&ffé@s mﬁ@@lrlgl“ npheley el ueik! venihg- Kwaﬁohﬁg) dpaggmal ) . The
seal pattern formed of a UV curable epoxy resin includi ng 1.5 wm%
ofaS|I| InlFe. p 4H in
each di splay pa%%y was Sr?e%gﬁ\éfgeeg‘??hqj&gg%g% e&gl ?sore I Nj %{iﬁl r% | qui d

T8 e obt AP SR o reSn Olpop BB P! FhE T SEEREr g t‘%%%feo%?,
Y‘SFQCE o e daft fday R0 d crystal C%?"”‘%E?H‘? cd. ‘it ves cont i rmed
effective  scrbenthpeaoeen séébt?@deimgei«%ﬂp@’a Fiom THFiEe BIAE 012t he
above fi rlsrzclg)c(izgpltgvo Olna;qu bgglttorglay include three or more layers.
However, a portion in contact with the temporarily fixed substrate
23 is required to be an elastic layer.
Next, specific examples in the first embodiment and the
second embodiment will be described below.
[First Examplel
On the basis of the manufacturing method according to the
first embodiment, the display panel group 100 including 136 display
panels 1 was formed on the bottom substrate 2 including the Si
substrate 16 made of a large-sized silicon wafer with a diameter of 8
inches (= 203 mm). The size of one display panel 1 was
approximately 14 mmxX11 mm (0.7 inches diagonal). The seal
pattern 4 was formed of a UV curable epoxy resin including 1.5 wt%
of a silica (SiO3) spacer 4A with a diameter of 1.9 mm.
When the gap 4H in each display panel 1 was measured in a
state before injecting a liquid crystal, the gap 4H was 1.9 pm+3% in
proximity to the seal pattern 4, and 1.9 um+10% 1in a central portion

of the effective screen area 3. Moreover, when the gap 4H in each

display panel 1 which was completed through injecting and sealing



substrate 2 including the Si substrate 16 nmade of a |large-sized silicon
wafer with a dianmeter of 8 inches 203 mm), the seal pattern 4 was forned
of a WV curable epoxy resin including 1.5 % of a silica (Si 02) spacer 4A
with a dianeter of 1.9 mm and then 136 display panels 1 were collectively
bonded by the bondi ng apparatus of the second enbodi nent shown in FIGs.
11A and 11B. The size of one display panel 1 was approximately 14 mxI|| nmm
(0.7 inches diagonal). Wien the gapg4H in each of 136 display panels 1
(before injecting a liquid crystal) was neasured at that stage, the gap 4H

was 1.9 tiRB%ihaiPr yisthl ¥who f@steal, Aat wWalkn cnfidbfbdl . thafTiR%atlh a

central portion of the effective screen area 3. Mireover, when the gap 4H

in each dj prf,{@l 1 i r hii i gl seal i ng
the |iqui g%?rlggt a vva%’ %Ys\ggﬁ? e%ﬁs?vt%gv\ng?e ﬁ%gcrﬁo/?rt%ggﬁ?ﬁggk ﬁﬁheé;g%&g?%pl ay
panel 1, ga%e?lagre?SWas 1.9 I xn8% throughout the effective screen area 3.
Thus, it Was found out that in the manufacturing apparatus according to
the first inbogﬁ'eﬁent ngd the second enbodi nent and the manufacturing

met hod us[ 9gc turing apparatus, a uniformgap could be forned.

Mor eover, it found out that t 32. enbpdi nents re syitable to
manuf act ure a OieXbt 8§ Pebhe £25R %ﬂ? abgye ’égtg%’balﬁllﬂ,e’aoﬂrﬁ%feosﬁt@é‘b of as
small as 2.5 [tmor less was required to be fornmed, and even if the gap 4H

was reducedbsigatepdr txelmdingythe 051 tspbstrateyald smadeuptl ddagapidredy

formed. Further, it was found out that in the case where the display
panel s 1 silicon wafer with a diameter of 8 inches (=203 mm), the seal

pattern 4 was formed of a UV curable epoxy resin including 1.5 wt%
of a silica (SiO3) spacer 4A with a diameter of 1.9 mm, and then 136
display panels 1 were collectively bonded by the bonding apparatus
of the second embodiment shown in FIGs. 11A and 11B. The size of
one display panel 1 was approximately 14 mmx11 mm (0.7 inches
diagonal). When the gap 4H in each of 136 display panels 1 (before
injecting a liquid crystal) was measured at that stage, the gap 4H
was 1.9 um+3% in proximity to the seal pattern 4, and 1.9 um+10%
in a central portion of the effective screen area 3. Moreover, when
the gap 4H in each display panel 1 Which was completed through
injecting and sealing the liquid crystal was measured, it was
confirmed that in each display panel 1, the gap 4H was 1.9 uym+3%
throughout the effective screen area 3.

Thus, it was found out that in the manufacturing apparatus
according to the first embodiment and the second embodiment and
the manufacturing method using the manufacturing apparatus, a

uniform gap could be formed. Moreover, it was found out that the



whi ch were collectively bonded had a size of 35 mmX20 nm (1.5 inches

di agonal ), the gap 4H could be uniformy forned. The display device

manuf actured by the nmanufacturing apparatus according to the first

enbodi nent and the second enbodi ment and the manufacturing nethod using
the manufacturing apparatus conprised a predeterm ned display panel

I ncl udi ng a display portion, and the display device conprised a first
substrate and a second substrate faciggg each other which constituted a

di splay panel, and a seal pattern forned in an area except for the display

portion aéﬁ%d@ﬂle@ﬂ%%eﬁggﬁltﬁblé I@@ ﬁhﬁﬁ?act%‘i‘@si qd A a ?Q@e%@@ ipegRNth

substrate. The seal pattern was forned a material 1ncluding a space
adjustlng er....angrthe t in the
Seal patte%'eﬂnﬂ% L ?ﬁﬁépoﬁﬁi i %ﬁ%*ﬁ’i ?ay Nt e T The
first exa tshe second ex e sp y

Ex?rrpl e, t:%q]fﬁg tg? %ba%rg?% I Bﬁt (E.V?-hi ﬁ@htfoé t Lhtg géonaﬁgugggp ](c:e

et ween e firs u ate an e second s rate aun| orm gap
ohi o wasioREoER el 150 S offe o 880 5%@3? Tt HSBEe | pec
referring_to the 33 enbodlrrent and the exanmpl es, but the in |on I s not
limted tBurther. dhivrn Famd and laEherase § th/éﬁlgagugﬁ itied. For
exanple, in the enbodi nents and the exanples, the seal patternis made of

a W curawhéchewene adlestuiely heonded had temizersf BE waae 20ma (1.

thernosetting resin. In this case, as a pair of surface plates, a
inches diagonal), the gap 4H could be uniformly formed.

The display device manufactured by the manufacturing
apparatus according to the first embodiment and the second
embodiment and the manufacturing method wusing the
manufacturing apparatus comprised a predetermined display panel
including a display portion, and the display device comprised a first
substrate and a second substrate facing each other which
constituted a display panel, and a seal pattern formed in an area
except for the display portion along an outer edge of the first
substrate and the second substrate. The seal pattern was formed of
a material including a space adjusting member, and the space
adjusting member was disposed only in the seal pattern, and was
not disposed in the display portion. As shown in the first example
and the second example, in the display device, as an example, in the
display panel of 0.7-inch or more diagonal, a space between the first
substrate and the second substrate formed a uniform gap which was
as small as 2 um or less.

The present invention is described referring to the



material with high UV transmttance may not be used. Mreover, as the
material of the seal pattern, not only the above material but also a
material which is curable in a state where pressure is applied to the
bottom substrate and the top substrate and has no adverse effect on
surrounding materials such as a liquid crystal material can be applied.
Further, in the case where m salignnment such as passage of |ight which
occurs due to the presence of the spager in the effective screen area does
not cause degradation in inmage quality, the spacer may be dispersed in the

ef fecti vee ;ioRiemhedt83andnthel BxhhiplesCBEE thR IMFEnH10hT R AbOaPnerd be for med.
Further, in the enbodinents and the exanples, the surface plate on the

bot tom _syRs b Saith Bt L HELaleinb R Yol is b ABly hiEeRia, LBy sur f ace

plate on the top substrate side may be noved. Mreover, in the enbodi nments
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dependi ng upon the shape of _the seal pattern, the _height nay be changed so
as to uni msterinlayptly ebsHy drampmitianceomayaant fusr wised: ofMPEROYRI) ect ed
portion pattern in the invention is preferably determ ned by the position
and t he wadttheomaterial of the seal pattern, not only the above material but

also a material which is curable in a state where pressure is applied

to the bottom substrate and the top substrate and has no adverse

effect on surrounding materials such as a liquid crystal material can

be applied. Further, in the case where misalignment such as

passage of light which occurs due to the presence of the spacer in

the effective screen area does not cause degradation in image quality,

the spacer may be dispersed in the effective screen area, and in this

case, a more uniform gap can be formed. Further, in the

embodiments and the examples, the surface plate on the bottom

substrate side is moved to carry out bonding; however, the surface

plate on the top substrate side may be moved.

Moreover, in the embodiments and the examples, a pair of

surface plates have a pair of parallel surfaces on at least one of

which the projected portion pattern with a planar shape

corresponding to the seal pattern is formed; however, the projected

portion pattern is preferably formed on both parallel surfaces.

Moreover, the height of the projected portion pattern (that is, the



the seal pattern, the amobunt of the space adjusting nenber included in the
seal pattern, and the surface roughness, bending or the |like of each
substrate. As described above, in the display device manufacturing
apparatus according to the invention, position adjustnment is carried out
so that the seal pattern which is formed on at |east one of a pair of
facing surface of the first substrate and the second substrate and has a
shape along the outer edge of the disgplay area in each of a plurality of

di spl ay panels coincides with the projected portion pattern which is

fornmed ondagpth eapttinedOpradspai poRtiorargdteknp uid geeTeralyt RenifbFat
substrate and the second substrate and has a planar shape corresponding to
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second substrate In Irection vertical to the p surfaces by using
a pair of e r the first substrate and
t he seconglsagjhgﬁﬁgtwé%&it%Oa?g!%g,@%ﬂ&glgl iaﬁ%?ﬂﬁg%ggg‘[i ve screen area can be
uni formy secuxed, .so di spl devi ge with higher.inege, . qual.ity can be
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in the case where 35 the first substrate and the.secon ubstrate.whi ch
have a subFHEH1ORJS gtahly a??rﬁﬁeqabgs% Pogien Et}}fgftgfarﬁvb‘i@%%re can
be nore easily applied to portions of the first substrate and_the second
subst r at etkespak pahtarmg the ameussaf the: spase afprdéne membeinctyded in the

seal pattern formng step, in the _ _
in the seal pattern, and the surface roughness, bending or the like of

each substrate.

As described above, in the display device manufacturing
apparatus according to the invention, position adjustment is carried
out so that the seal pattern which is formed on at least one of a pair
of facing surface of the first substrate and the second substrate and
has a shape along the outer edge of the display area in each of a
plurality of display panels coincides with the projected portion
pattern which is formed on at least one of a pair of parallel surfaces
of the first substrate and the second substrate and has a planar
shape corresponding to the seal pattern, and pressure is applied to
the first substrate and the second substrate in a direction vertical to
the parallel surfaces by using a pair of surface plates. Therefore, a
gap between the first substrate and the second substrate, that 1s, a
gap in the effective screen area can be uniformly secured, so a
display device with higher image quality can be efficiently
manufactured.

Specifically in the seal pattern forming step, in the case where



case where the seal pattern is forned of a material including the space
adj usting nenber, a uniformgap can be fornmed wthout degradation in imge
quality due to the space adjusting nmenber. Specifically in the position
adjusting step and the bonding step, in the case where a pair of surface
pl aces on which the projected portion pattern with a width equal to or

| arger than the wdth of the seal pattern is forned are used, a

manuf acturing margin can be securedgsso position adjustnment can be nore
easily carried out. As a result, pressure can be nore reliably applied to

only an afiea e’ espendidhdd thkess@md Ratbstrite afich HAVEO4 MdRce Can be
easily formed. Specifically in the position adjusting step, in the case
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t he strate and the second substrate, pressure can be nore

form . . _ : ; h
52202’3. lsﬁ%ff?%""?% EgLi2 25 HOEnP 08 BE ot BpEiate RHATHRE, SplllH 0 0° an
e easily

pondi ng * StRHTaLS PREpRs itk o e S PRl 0 e bi < he pai r of surf ace
e o 30 B P 5T Sl U G Bl
reduci ng bending or the like of the first substrate and the second
subst r at ecagh Sshetee thansard Boblers: todorgrednal ematiyabipeiudingothe |  areas
corresponding to the seal patterns in a plurality of display
space adjusting member, a uniform gap can be formed without
degradation in image quality due to the space adjusting member.
Specifically in the position adjusting step and the bonding
step, in the case where a pair of surface places on which the
projected portion pattern with a width equal to or larger than the
width of the seal pattern is formed are used, a manufacturing
margin can be secured, so position adjustment can be more easily
carried out. As a result, pressure can be more reliably applied to
only an area corresponding to the seal pattern, and a uniform gap
can be easily formed.
Specifically in the position adjusting step, in the case where
the buffer material is inserted between a pair of surface plates, the
first substrate and the second substrate, pressure can be more
uniformly applied to the whole portions of the first substrate and
the second substrate corresponding to the seal pattern, and a
uniform gap can be easily formed.

Specifically in the position adjusting step and the bonding

step, in the case where as at least one of the pair of surface plates, a



panel s. Specifically in the bonding step, in the case where pressure is
applied to the first substrate and the second substrate in a nultistage
process, a uniformgap can be forned nore stably. Specifically, in the case
where the projected portion pattern with a width equal to or larger than
the wwdth of the seal pattern is formed, a manufacturing margin is
secured, so position adjustnent can be nore easily carried out. As a
result, pressure can be nore reliablgg applied to only an area
corresponding to the seal pattern, and a uniformgap can be easily forned.

Speci fi cabhyfaich plage Gattth wheslaseic $€Malke Wit which flaé profecivdfpaeiom! at es
has an el astic surface on which the projected portion pattern is forned,

whi | e redﬂ&%ﬁ%@nbei@dif&ﬂn@ﬂ theusble Rithdie fiHStepBst kiR ridind witige Second
substrate, pressure is nore strongly and reliably applied to all areas

correspongl : | ..p : | al.J LR angds. 37
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panels.
Specifically in the bonding step, in the case where pressure is
applied to the first substrate and the second substrate in a
multistage process, a uniform gap can be formed more stably.
Specifically, in the case where the projected portion pattern
with a width equal to or larger than the width of the seal pattern is
formed, a manufacturing margin is secured, so position adjustment
can be more easily carried out. As a result, pressure can be more
reliably applied to only an area corresponding to the seal pattern,
and a uniform gap can be easily formed.
Specifically in the case where at least one of a pair of surface
plates has an elastic surface on which the projected portion pattern
is formed, while reducing bending or the like of the first substrate
and the second substrate, pressure is more strongly and reliably

applied to all areas corresponding to the seal patterns in a plurality

of display panels.



a position adjusting step of using a pair of surface plates having a pair
of parallel surfaces on at |east one of which a projected portion pattern
with a planar shape corresponding to the seal pattern is forned to adjust
positions of the first substrate and the second substrate between the pair
of parallel surfaces so that the seal pattern coincides wth the projected
portion pattern; and a bonding step of bonding the first substrate and the
second substrate arranged in the pogiktion adjusting step together through
applying pressure to the first substrate and the second substrate in a
direction vertical to the parallel (§u4fM&es by the pair of surface plates
so as to have a predeterm ned space between the first substrate and the
second substrate, and curing the seal pattern. 2. A nethod of nanufacturing
a display device according to clain11 further conprising 38 a cutting

step of cuttl ”9. t *ﬁ;xﬁéfl-ﬁ&dd%g?xﬁ%a fghﬁ &Fs deMBe! ERL &l @ deaCh

di spl ay panel . actur |s | 'ay "device ac ing to

claim1, erelnlnthe seal rnfor i r th rst
Cupsit at oHOFH8 Rorlphiling o8, AT QLR MaStSD o 88eL' bHE hithdd

sem conduct or device for display control is for med i s used. 4. A et hod of
manuf act Ut R ¥ 8Pspl ay devi ce according to cl ai m 1, wherein in the seal

pattern formng step, as at | east one of ,the fi
a seal pattern forming step of formmg a seal pattern along an

outer edge of a display area in each of a plurality of the display
panels on at least one of a pair of facing surfaces of a first substrate
and a second substrate facing each other;

a position adjusting step of using a pair of surface plates
having a pair of parallel surfaces on at least one of which a projected
portion pattern with a planar shape corresponding to the seal
pattern is formed to adjust positions of the first substrate and the
second substrate between the pair of parallel surfaces so that the
seal pattern coincides with the projected portion pattern; and

a bonding step of bonding the first substrate and the second
substrate arranged in the position adjusting step together through
applying pressure to the first substrate and the second substrate in
a direction vertical to the parallel surfaces by the pair of surface
plates so as to have a predetermined space between the first

substrate and the second substrate, and curing the seal pattern.

2. A method of manufacturing a display device according to

claim 1, further comprising:



substrate and the second substrate, a glass substrate on which a
transparent electrode is fornmed is used. 5. A nethod of manufacturing a

di spl ay device according to claim1, wherein in the seal pattern form ng
step, as the second substrate, a substrate with UV transmttance i s used,
and the seal patternis fornmed of an ultraviolet curable resin, and in the
bondi ng step, as one of the pair of surface plates on a side correspondi ng
to the second substrate, a surface plggte with UV transmttance is used,
and while applying pressure, ultraviolet rays are applied to the seal

pattern through &disgré obl Attinvg theUYird® dulidieatd taitahandetded second
substrate to cure the seal pattern. 6. A nethod of manufacturing a display

devi ce acggbglgﬁgetlﬁto@la@hra@plavgng%glegp in the seal pattern formng step, the
seal pattern is forned a thernosetting resin, and in the bonding step,

whi | e appl yi ng pressure, heat is applied to the seal pattern to cure the
seal pattern. 7. A rret hod of manufacturing a display device according to

claim1, wherein i seal. pattern formn he first substrate and
The "second subot Aaraofdf 3 HARPRELLIPE SisbERy Aol Helh-RRCHAT,
used. 8. 'Al t?od of manuf acturl ng a display device according to
claim 1, wherei
in the seal pattern forming step, as either the first substrate

or the -second substrate, a silicon substrate on which a

semiconductor device for display control is formed is used.

4. A method of manufacturing a display device according to
claim 1, wherein

in the seal pattern forming step, as at least one of the first
substrate and the second substrate, a glass substrate on which a

transparent electrode is formed is used.

5. A method of manufacturing a display device according to
claim 1, wherein

in the seal pattern forming step, as the second substrate, a
substrate with UV transmittance is used, and the seal pattern 1is
formed of an ultraviolet curable resin, and

in the bonding step, as one of the pair of surface plates on a
side corresponding to the second substrate, a surface plate with UV
transmittance is used, and while applying pressure, ultraviclet rays

are applied to the seal pattern through the surface plate with UV



claim1l, wherein in the seal pattern formng step, the seal pattern is
formed of a material in which a space adjusting nenber is dispersed. 9. A
met hod of manufacturing a display device according to claiml1, wherein in
the position adjusting step and the bonding step, the pair of surface

pl ates on which the projected portion pattern with a width 40 equal to or

| arger than the width of the seal pattern are used. 10. A nethod of

manuf acturing a display device accor@dgng to claiml1, wherein in the
position adjusting step, a buffer material is inserted between the pair of

surface phaiimitthficd ahsl t1dbsédral euBBthadtB&osaa@the sedSpatdeen. 11. A net hod
of manufacturing a display device according to claiml1, wherein in the

position adjusting step and the bonding step, as at |east one of the pair
of surface plates, a surface plate with an elastic surface on whi ch the

proj ected po”BO”AP?ﬁétg{dH be Iﬁghﬁgcﬂﬁ}‘lﬂgherdelgﬁlé} d’é%&élz‘b) E@Ct uring

a display device according to clarm |ng
pressure is. gﬂog derto the first substrate and the second substrate in a
mul ti stag(e% edS°TEEY A i spl ay devi ce manufacturing apparatus, the
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a thermosetting resin, and

in the bonding step, while applying pressure, heat is applied

to the seal pattern to cure the seal pattern.

7. A method of manufacturing a display device according to
claim 1, wherein

in the seal pattern forming step, the first substrate and the
second substrate having a surface roughness of 0.2 um or less are

used.

8. A method of manufacturing a display device according to
claim 1, wherein
in the seal pattern forming step, the seal pattern is formed of

a material in which a space adjusting member is dispersed.

9. A method of manufacturing a display device according to
claim 1, wherein
in the position adjusting step and the bonding step, the pair of

surface plates on which the projected portion pattern with a width



manuf act uri ng apparatus conprising: a pair of surface plates having a pair
of parallel surfaces on at |east one of which a projected portion pattern
with a planar shape 41 corresponding to a seal pattern along an outer edge
of a display area in each of a plurality of the display panels is forned,
a position adjusting neans of adjusting the positions of a first substrate
and a second substrate having a pair of facing surfaces on at |east one of
which the seal pattern is formed betwgen the pair of parallel surfaces so
that the seal pattern coincides with the projected portion pattern; and a

bondi ng negasl e obandiagthhe thiermdﬂybﬁth@ts@aaﬁdttm 5PCQREJ. substrate
arranged in the position adjusting neans together through applying

pressure to the first substrate and the second substrate in a direction
vertical to the parallel surfaces by the pair of surface plates so as to

have a predetegqin &ﬂ.& Pﬂ\gg L& St g4 t : ond
substrat e, and&g!ur%gﬁt e%'sgg pa?%%ér%ﬁrhaél% %@%g%@@%%@%@%ﬁi%cturi ng
appar at us ok d| to claim 13, wherein the projected portion pattern has
a wdth eﬁ%g% ?bwo}%rleél}ger than the width of the seal pattern. 15. A

di spl ay devi ce. uf act uri ng appar at us accordi to ,clajm13, wherein at
least one of (Hb e posseien rdetyre ebna bhiey aSeperialtpatiserind uni ch
th j ect ed i t1 i d

© prol eﬁei?wegr? rtilleopnaigaof seurrr}a}:es P gtterg? the first substrate and the second

substrate.

11. A method of manufacturing a display device according to
claim 1, wherein

mn the position adjusting step and the bonding step, as at least
one of the pair of surface plates, a surface plate with an elastic

surface on which the projected portion pattern is formed is used.

12. A method of manufacturing a display device according to
claim 1, wherein
in the bonding step, pressure is applied to the first substrate

and the second substrate in a multistage process.

13. A display device manufacturing apparatus, the display
device comprising a predetermined display panel, the display device
manufacturing apparatus comprising:

a pair of surface plates having a pair of parallel surfaces on at

least one of which a projected portion pattern with a planar shape



41

corresponding to a seal pattern along an outer edge of a display area
in each of a plurality of the display panels is formed;

a position adjusting means of adjusting the positions of a first
substrate and a second substrate having a pair of facing surfaces on
at least one of which the seal pattern is formed between the pair of
parallel surfaces so that the seal pattern coincides with the
projected portion pattern; and

a bonding means of bonding the first substrate and the second
substrate arranged in the position adjusting means together through
applying pressure to the first substrate and the second substrate in
a direction vertical to the parallel surfaces by the pair of surface
plates so as to have a predetermined space between the first

substrate and the second substrate, and curing the seal pattern.

14. A display device manufacturing apparatus according to
claim 13, wherein
the projected portion pattern has a width equal to or larger

than the width of the seal pattern.

15. A display device manufacturing apparatus according to
claim 13, wherein
at least one of the pair of surface plates has an elastic surface

on which the projected portion pattern is formed.



