i 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 enmitting diodes (LEDs)L plasma display panels (PDPs) and

liquid crystal displays (LCDs) devel oped. Anong the electronic
di spl ay devices, specifically L@%gﬁgﬁz’%ﬂr acteristics such as high i mge
quality, low profile, light weight and | ow power consunption, and LCDs are

used for a large nunber of end products such as clocks, televisions,
personal _conputers and projectors, so conpared to other electronic display
devi ces, Ml k. Q¥Fed MANBHACGTUEBING at DISPLiAYs. DEVYQEE-al ANID has,

for exanple, a structure in which a liquid crystal material is sandw ched
bet ween PISPRLAYr DOV EIMANDRACTEISRING ARPPARMNFUS0 obtai n hi gher inage

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 dispiay 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 comﬁuters 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



quality, it is specifically inportant to have as uniforma space (which is
cal l ed gap) between the pair of glass substrates as possible throughout an
effective screen area. The above gap between the gl ass substrates is
determined in a bonding step in a nmethod of manufacturing the LCD.
Conventionally, in the bonding step, after an alignnent filmand a seal
pattern are fornmed on facing surfaces of the pair of glass substrates, the
gl ass substrates are bonded together ,with, for exanple, a spherical spacer
(bead) with a certain dianeter in between, and then pressure is applied to
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surface plates which face each other and each has a flat surface, and in a
state where alpeedhawecgap betpinasxthatglhgs subgteatesiis deidraried appl i ed to
t he whol e glass substrates, the seal pattern is cured so as to formthe
gap. At lbqgld;ingi neepi n inhe acasmethede olfie WMawufabheinesi thé s Ledl as the
materta Conventionally, in the bonding 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 (efféctive 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/em? 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



of the seal pattern, in order to allowthe seal pattern to be irradiated
with ultraviolet rays, as a surface plate on a side closer to one
substrate, a material with high UV transmttance such as quartz glass 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 with elasticity
such as rubber is attached is wused. Further, in a state where pressure is
uniformy applied to the glass substtates, UV rays are applied to cure the
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Moreover, in a state where pressure is uniformy applied to the glass
subst r at §§?rﬁ%3ia$%1sabﬁ¢ded Apacsnzfachelathoennsid¢ ichgsereto the bhkeeby t he
gap is forned. However, in the case where the gap is formed by using the
above spausbstrathe fwl bodengtor ebiiformily sepplpt piesstre i Bot RheCadass Wher e
the spacer is not dispersed in the effective screen area, that Is, the
case whesebstmtepacemeétaldipdpos etitinl bighh fidtesgabr PAt hiitAl pheB tpressure

is uniformy applied to the pair of glass substrates, the pressure is
appli ed whidhta duffer! hitateerd] RItR V1AstiBRY AN a"FubBEF S attached 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 1is,
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



4 Dbut also the effective screen area in which no spacer is included, so
the glass substrates in the effective screen area are dented, thereby as a
result, a problemthat an uniformgap is not fornmed arises. Specifically
in the case of having a large effective screen area, a noticeable dent is
made. Mreover, in the case where the spacer is uniformy dispersed in not
only the seal pattern but also the whole effective screen area, an uniform
gap can be fornmed; however, therg may be cases where such an adverse
effect that msalignnent around the spacer during operation, for exanple,

passa i acer.. | i ecogni i S rted on
ragooar ey e R R e IR el e B B e
seek r QVil n uring a di,splay deviece in which, a

i spl PRIt} BRE TrertIBR AR AR fit MR, PRieEge S arrisut
efficjent mapuf.act ure and a. di splay device uf act urjn par at us
whi cre SR ole B R e Hiford Eadin it i e raittes SRe TRl By theviase s
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facing surfaces of a first substrate and a second substrate facing
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

Embodiments of the invention seek 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.



each other; 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 each of the plurality
of seal patterns and a depressed portion pattern with a planar shape
corresponding to a portion between the plurality of display panels

adj acent to each other and a portion except for the seal patterns of the
plurality of the display panels arge 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
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second substrate arranged 1 n the posit adj ust1 ng p together t ugh
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direction vertical to the parallel surfaces by the pair of surface plates
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first substrate and the second substrate corresponding to an effective
pattern with a planar shape corresponding to a portion between the plurality of
display panels adjacent to each other and a portion except for the seal patterns of the
plurality of the display panels are 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, wherein the plurality of successive
depressed portion patterns between the plurality of display panels adjacent to each
other form at least one groove space; 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.
Embodiments of the invention provide the positions of the first substrate,
the second substrate and the pair of surface plates may be adjusted so
that the seal pattern formed along the outer edge of a display area in each
of a plurality of display panels may coincide with the projected portion

pattern with a planar shape corresponding to the seal pattern, and

pressure may be applied to the first substrate and the second substrate in



screen area in each of a plurality of display panels, 6 pressure can be
uniformy and strongly applied to all areas corresponding to the seal
patterns. In accordance with a second aspect of the present invention,
there is provided a display device manufacturing apparatus, the display
device conprising: a display panel on which a predeterm ned display area
is formed, the display device manufacturing apparatus conprising: a pair
of surface plates having a pair of pqigllel surfaces on at | east one of
whi ch a projected portion pattern with a planar shape corresponding to a
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each of a plurality of the di'splay pane essed portion pattern
wi th Therefore, shhile presearontialy Bed amkilkt appliat weearths &f uh! ifipstof

di spl ay panels adjacent to each other and a portion except for the seal
pat t esubsttatcheaptuthki sgcond hsubisspityy panaspendingotoedn wfesitivehe
plurality of successive depressed portion patterns between the plurality
of di 8pFragnNparet dnagpalenl & plusahityt pdrdisplayapanelst one groove space; a
position adjusting neans of adjusting the positions of a first substrate
and ‘a second substrate having a pair effacing surfaces on at |east one of
whi ch the seal pattern is forned between the pair of parallel surfaces so
that the seal pattern coincides with the projected portion pattern; and a
bondi ng nmeans of bonding the first substrate and the second substrate
arranged in the position adjusting nmeans 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 predeterm ned 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 may be
adjusted so that the seal pattern forned 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 7 corresponding to the seal pattern,
and pressure may be 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 may be hardly applied to areas
of the first substrate and the segnd substrate corresponding to an
effective screen area in each of a plurality of display panels, pressure
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corresponding to a plurality of seal patterns each along an outer edge of a display area in
each of a plurality of the display panels and a depressed portion pattern with a planar
shape corresponding to a portion between the plurality of display panels adjacent to each
other and a portion except for the seal patterns of the plurality of the display panels are
formed, wherein the plurality of successive depressed portion patterns between the

~ plurality of display panels adjacent to each other form at least one groove space; a
position adjusting means of adjusting the positions of a first substrate and a second
substrate having a pair effacing 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 may be 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



manuf acturi ng apparatus shown in FIGs. 5A and 5B; FIGs. 7A and 7B are

enl arged plan views of the main part of 8 the display device manufacturing
apparatus showmn in FIG 6; FIG 8 is a flow chart showing a step anong the
steps showmm in FIG 3; FIGs. 9A through 9C are schematic views for
describing the step showmn 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 enbodi nent of the inventigh. BEST MODE FOR CARRYI NG QUT THE ‘

| NVENTION [ First Enbodinent% A first enbodiment of the invention will be
descr¢ouEpihing doethe ngealo paitem cangdapyessurk anaygbe appliedtto the
referring to FIG. 1A and 1B, the structure_of a display device according
{0t HarEhpdes i apd threserobdisuhsiuata ime didestorbarticablo the @aralleland
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corresponding to an effective screen area in each 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 IB 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 IB;

FIG. 3 is an overall flow chart of steps in a method of

~manufacturing the display device shown in FIGs. 1A and IB;

FI1G. 4 is a plan view in a step among the steps shown in FIG.3;

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

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

FIGs. 7A and 7B are enlarged plan views of the main part of



arrow direction. The display panel 1 is forned as an active-matrix
reflective liquid crystal display device. In FIG 1A, for convenience 9 of
understanding, a top substrate 7 (which will be described later) is now
shown. As shown in FIGs. 1A and 1B, the display panel 1 conprises a
rectangul ar bottom substrate 2 and the rectangul ar top substrate 7, and a
di splay portion 31 and a seal pattern 4 which are sandw ched between 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 exanple,

appr oxi meheldisgldy dovIdy gRUAfack ifind h3RLRYLREIRbwh fifhrbe geparated into

two main parts, that is, an effectiv creen are an el ectrode pad

area 5. In thevef feqkiyVelow WIBER - | ural it f pixels.are fornmed
inamtrix, and the eﬂoectccir ve s%rq(g‘gﬁﬁ%r%ﬁ%piasmgﬂéaﬁheasmsr SOV R nage i s
actuallyinq&ﬁyl$;yed, and is surrounded with the seal pattern 4 with a strip
shape. In the ‘electrode pad area 5 separated fromthe effective screen

area 3 by theﬁﬁg‘? EP tthern 4, 933 extraction el ectrode for connection to
outside is fo g 'ilﬁé’“ﬁ%'p & gcaematic guewisofpr desewdpoadting to t he
el ectrode, pad, ar ea. 51‘&?}65 not exist. The bottom substrate 2 is, for

“exanpl e, 8 R §hevmain sHlicon (Si) or the like on which a sem conduct or
device or the_like is forned and has a thickness of approximately 0.7 mm

The top subst FaE&- A0A anddbPonre sestimial visved fow desctibiayitHeektdgV)

transmttance such
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
15 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



as glass, and has a thickness of, for exanple, 0.7 mm The seal pattern 4
I s an adhesive |ayer forned al ong an outer edge of the effective screen
area 3, and is provided to prevent a liquid crystal 10 |ayer 18 (which
wi |l be described later) as a conmponent of the display portion 31, with
which the effective screen area 3 is filled, frombeing | eaked to outside
by sealing, and to bond the bottom substrate 2 and the top substrate 7
together. The seal pattern 4 is nmadegof, for exanple, an ultraviolet (W)
curable resin, and includes a spherical spacer 4A with a certain dianeter.
The spacef viddenandiagndstdPsab bf i d f 3 ce.adj ysting
menber"” in the invent igon. %reoggﬁ%bt%gwgggﬂmp’%?’grcrl]gséﬁﬁ@%‘féa%rgdf’d
crystal row @ho@m@s an opening in a part thereof. The liquid crystal inlet
6 is provided to inject the liquid crystal layer 18 in a step of
manuf act uri ng LSpL el 41 t lj.qujd crystal inlet 6 is
seal ed with a%%gf‘gﬁéplﬁr@?’%@&( %éta%ﬁgeﬁﬁ ?ﬁ?rﬁégﬁi%l@?e dr E9I9RTBIES RS f or ned
in the e 1 C n._are nd in¢lydes the liquid crystal |ayer 18
and so O%E f eé[‘glla:rpp‘gﬁoﬁbrst‘ﬁ%@%i’%%%?Pﬁ ejeeetangadar itapnsntstaetail, bel ow.
Next , referdri n(%&ti FIG 2, the sectional structure of the effective screen
area 3 wif® BelFRIRY BAEH SdorBddrisgial naditewn 4whick am sandwiahgdd
sectiona i ew showing a part of the effective screen area 3 of the
di spl ay b&%@ﬁe!? Ehe P titanFsEbstuateaBdandBrhardpt SebefrhestT Ve ASepass area 3
has a structure in which the

between the bottom substrate 2 and the top substrate 7, that is, a

gap 4H is, for example, approximately 2.0 pm. 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
éffective screen area 3 1S 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
(S1) 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
p.attern 4 is an adhesive layer formed along an outer edge of the

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



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

| am nated in order. As showmn in FIG 2, the top substrate 7 includes a

gl ass substrate 8 and a transparent electrode 9 which is fornmed on a side
of the top substrate 7 closer to the bottom substrate 2 through evaporation
or the like. The glass substrate 8 is made of, for exanple, non-alkal

gl ass containing no alkali. The transparent electrode 9 is made of ITO
(I'ndium Tin Oxide) which is an alloy,soxide of indium(ln) and tin (Sn), or
the like, and is specifically provi&ed to secure electrical conductivity
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functions as a current path for applying a voltage 10 8rystal
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i ncl uded ghdint PEidd QU Lys Jayer 18...The thinner the thickness of the
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crystal | es when,a predeterm ned voltage is applied is reduced, so
t he quuisgB(%‘feI)C/asl{Fa:? %(fébm g4 S{feat@o%ttpsptbw-at Thiegse alppatteriing idi spl ay
portion 31 incl ‘u%es an alignnment film10, the |liquid crystal |ayer 18 and
an al i gnFEHte P 1AT19X3Fnde. ancuksamialebk U heurablesmsminntnd antludde 9 in
order froma_ side closer to the top substrate 7. The liquid crystal |ayer
18 i s madeSBhepicadespasenedA Withi d ceytstial dinhesteres, Thodspheesd i gai d
crystal nolecules are selected depending upon applications, perfornmance
requi r eneetrespandst tre al sRecifithexammpleneht'af id 4k adj R0 nO0miempLiop, to align
t he

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 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 8 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



liquid crystal nolecules of the liquid crystal layer 18 to a certain
direction, and have a groove in a predetermined direction. As the material
of the alignnent films 11 and 10, for exanple, a fired polyimde varnish
or an evaporated inorganic material (vertical 12 alignment filmor the
like) is used. The bottom substrate 2 includes a Si substrate 16 nmade of a
silicon single crystal wafer, a CMOS device 15 as a sem conductor device
for display control, an insulating | ayer 13, a base |ayer 12 and the
reflective pixel electrode 14 in order froma side farther fromthe top

substrat @ throli¥s B8apok#Me 1. for .exanpl e, t hree-| ayer, stfucture
(TINTi/TiN) in whi cﬁoa t %‘aﬁﬁﬁqg?ﬂf%ﬁ i ;[%es% %‘ﬂéﬁfﬁé‘i %eb%ﬁ}%? ®%t ani um
nitride §ilpg GLi help the formatiqn of the reflective pixel
el ectrode 14 ?é%gelgi‘ %%%a%?lggﬁoélglsﬁpqoﬁél?ﬁég Q&H@éﬁaaé sthentansnareat
manuf act yg i ep.. In the l.ective pixel electrode 14, a pixel groove
17 is foggr% g?ﬁéa Hsam%?@ﬁ eOng{['paéinébu@s Tis Osdehivehidle isefhestloye pi xel
el ectrode_14 %nto jndiéhgual pixeléé The pi xel groove 17 extends in a
di rect i of¥idRaf iy ap&d pianSnlaner ithef likegdandt bs tepecificgingent film
11. A space. petween the pixel grooves 17 is, for exanple, approximtely 8
to 9 m REP to speurerlerical gindtctiviyt whik ddeisngeviiBleohpy a
groove extending in a direction parallel to the paper plane in the
| ani nat etrangmidance. i The dranaphechbasletfiodecd! RGidtihPi%el cfe8htr 0de 14
is made of, for exanple, alumnum (Al) or the like
path for applying a voltage to the liquid crystal layer 18 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 1is, the more the response time of the liquid crystal
molecules when a predetermined voltage is applied is 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 liguid 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 inorganic material (vertical



exhibiting high reflectivity in a visible Iight region through sputtering
or the Iike, and has a thickness approximately from 100 to 150 nmso as to
sufficiently function as a reflective plate and an el ectrode. Moreover,
the bottom substrate 2 and the top substrate 7 13 preferably have a
surface roughness of 0.2 mor less. It is because if the surface roughness
Is larger than 0.2 gm it is difficult to wuniformy apply pressure to
portions of the bottom substrate 2 ang the top substrate 7 corresponding
to the seal pattern 4 in a bonding step of a manufacturing method which

will be cdignimead fikmer tlediltdris uged.he di spl ay panel 1 as such a
reflective liquid crystal display device, light incident fromthe top

substrate 7 i slherbdikainedubetetiteplaphdidhFBYSs; ¥heRe! elf 4A 1S
di sposed near the reflective pixel electrode 11%813)0 aget{(;@ﬁ'ggggagfuﬁi form

space batlieen dihgldryeohp Wsterahe Aray cfeQﬁc(% o %\%2% %%%l‘ﬁwéidst gSpacer

4Ais vis!bly recognizgd. Therefore, It 1s préefera . 4A i's
5, 0oy o1 FuntPact e PREOR aft i Pas ¥ BRI i Bt ey ad "
ol ow, F1ad $berRRRLAAYS, BEEEY ClqtBspdnal € ot codepsiiom tmesidet frosher
Fa 3, Ees Qott ety | e e Jhagrabdi bes, Tor oxemplo, & |

three-layer structure (TiN/Ti/TiN) 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 pm. Moreover, the reflective pixel electrode 14 is separéted

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 (AD 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



according to the enbodinment is broadly divided into four steps (steps S101
through S104), that is, a substrate formng step (step 5101), a pattern
formng step (step S102), a display panel assenbling step (step S103) and
a nodul e assenbling step (step S104). The substrate formng step (step
S101) is a step of formng the Si substrate 16 in the bottom substrate 2
and the top substrate 7 in 14 the display panel 1 which is a main part of
t he di splay device. The bottom substysgate 2 is obtai ned, for exanple,

t hrough cutting a silicon wafer with a predeterm ned thickness froma
silicon dredeeablyrhavela :Blmgﬁatceh}omg}méwof@ng#rﬂ%t} l@sﬁrorltﬁglﬂ&gfdé% t he
wafer by a polishing apparatus or the like. The top substrate I's forned,

for exanpliie uimbagh fomghimss he LLARTPRAGAL 0% SEhY ode;9 PRallp glass

substrate 8 processed by a float process by vacu evapor % TO or

the li ke.unﬁlﬁmméjxtamﬂsrtﬁébsiﬁb”%@h%q%gﬁ}s( ﬁkec%eség I)oni%}l?{sﬁtgae%‘agganﬁayer 12

| am nating the CMOS devi ce 15, nsulati ng 1

“and the rhtl EMBsBig%g! 14 in order .on the Si A substrate 16 of
t he bottom sﬁfgst rate 26\/\%?%@5@%3?%%% t‘,\% t?‘ﬁ $47d PRlteERrdin 4 homdagest ep

(step 51Q{q redeteym,ned flat pattern. In this case,

patt er ni ng }???c?:%afrgud{a%ﬁ}@(g?%e&mw&ﬁcgt%l zb@rfﬁ)%qrebed haterporti on which
will be the efFf‘_ﬁr%i e.screen.area 3. Thereby, the bottom substrate 2 is.
conpl eted for the tEanPi fBe Hiplagxpamelplagspaneh assefibttiing kyepd (st ep

S103) is_ a st . . .
) cryssta?pdlsplay device, 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. Th'erefore, 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
5101 through $104), that is, a substrate forming step (step S101), a
pattern forming step (step S102), a display panel assembling step
(step 8103) 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



relating to a main characteristic part of the invention, and a step of
assenbling 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 mddle of form ng a display panel group 100 including a plurality of

di splay panels 1 on the bottom substrate 2, and the seal pattern 4 is
formed on each area where the displayid5 panel 1 is forned. The step will
be descrihed in nore detail later. The | ast nodul e assenbling step (step

5104) is edésplsy panehdhwhgch idrd veapaphrobftithe (giisg,@ag, gl'evqfé' vi Rg, ! he
di splay device to the display panel 1 assenbled in the display panel

assenbl i nepidpep sybitept&103)s seb&fined, f R5M B dhPish duct.. Referring
to FIGs. 5A and 5B, a bonding apparatus as taedlﬁ%ﬁ’sg 5‘3’/‘9%@\/?‘&%‘”% a

manuf act wiliegnappde AtwithaaC pr8H BEb 4R jment_used.in the display
panel assenbling step (step98103) vmnf%}?ggq%@(%srgg%nb@l Shcor emelsa and 5B

show scheyr@ktgl Theys 1118 2P parat us l.ied to the nethod of
manuf acturing a gi era';ayS dé@F’ce accr%glregﬁoﬁélr%rthP%SdF%rW?E%F‘nbYFHG 5A
shows an ,J1paed § e Lyi ng.pressure, and FIG 5B shows a state
of appl ypi ng p?fe%sshpg?aﬁg g’%oﬁlﬁ&?’rg@ﬁl L hestom substratens isdoahrayl, foppar at us
accordin lhmgnt conpr.ises a bottomsurface plate 19 having a
paral | el %s)gt???gi;bg %Q‘%lﬂ?gr%’ﬁgs{m deangparenpeledtaviad ampahal glalsssur f ace
20S faci ng t he par allel surface 195, a
stibstrate” 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 Sj
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 pa.ttern 4 is formed on each area where the display



position adjusting neans of arranging the bottom substrate 2 and the top
substrate 7 in predeterm ned positions between the bottom surface plate 19
and the top surface plate 20, and a bondi ng nmeans 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 syyface plate 20 have 16 a pair of
paral |l el surfaces 19S and 20S, respectively, and an uneven pattern 26

shown i n BAnel bis formeded Theattepeastl hen@e&drib b8 iRAL 0 1. RATALLEl surfaces
19S and 205. FIG 7A shows the detail of the unelven°|Sgtdte<§f5¢1l Bietr & 74

shows a part| yl'kal krsgtednvdalbe Oésédiﬁbliﬁ%e‘é%é'%giétgﬁr{slﬁ 385 gnf%ﬁ‘ le of
i ncl-lide pto

t he uneven pattern 26. The uneven pattern u portion

pattern 2ttachingna Hirite ?me £heesRRNE] 1o the seal pattern 4 forned in
each di splay panel 1 and a d%pressgggpgjrr?laglnwﬂgt ﬁé‘? IEQPW@?V&CQ t8t shape

cor r espontend | N t.he .seal pattern 4. In this case,
t he pa!or of nglas?g??e@gilr 1? aces ?gk%% t}}f‘sdﬁﬁa@gp@n@ esgearbling stept he

depresse ' t IS dor . I'n, the uneven pattern 26A, the
dsthgy 5198) 88 4 €14 15t a?i&‘IQWg%gébFMd portion pattern 28 are

projected portion pattern ( . . . ,
o 1Y o Rl o8 Bk SHASTLERS, f, et on, The prolcted
X direct id?sriﬂ%gd Yevice ndmanufacturing apparatus accordi
mg 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 198 and a top surface plate 20
having a parallel surface 208 facing the parallel surface 19S5, 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 208 (%
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



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
rectangul ar 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 4is 1.5 mn it is
preferable that the width of the firsig projected portion 27A in the Y
direction is, for exanple, 2 mm and the width of the second projected

portion 27BalR aftieavaléel surfacesi 19S khd A0S exayplcs; ver. the
hei ght of the projected portion pattern 27 (t hatc ivg,%y’ﬁ%dﬁﬁh eS’I’fent he

depr essedgtderno?6 ptoven Nn28NG. 6 iBr et ab! i en. i he height of
the projected portion pattern 27 1(the d%gtoﬁl g? ltfeﬁ%‘{n&él\é\?%ﬂgﬁa Iﬂﬁ)‘rrtg’gn

i1kelusi f f ' he_b
Clbstrata 2 or the fon” abbotrm o0} oft (e 1 GERTCANGoRPreH phitder ne 27

substrate 2 or the top substrate

whi ch ar exfedrde & at@Brh Neg bot rface plate or the top surface plate
20 exist on thg) Sane pl ane.F%]eﬁg‘ofgﬁg’Pﬁﬁﬁr P&Eé%'ppéi%r@ aewt R thep
surface Rigdve air_of parallel surfaces 19S and 20S on at
ﬁ%@hwﬂéwu‘ﬁea@e D e¥aBHe g thapneven pattemB 36 f Gheed. The

| east one of

ireven B0 BRSNS, SRS LLLSSPRIL 10 Lo e el pattern 4

patter.n #t Jl@gpg Q:ggggsfpeodnci)i%rgttioophg aste;?rpnatigrril rllcl’oli-(ijlfesd ?nfeiarcsllnt displ

isplay

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 198 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 incIudeé 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 1s,



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 30Awith a
rectangul ar shape corresponding to the effective screen area 3 of the

di splay panel 1 and a second depressed portion 30B with a strap shape
extending in a Y direction. Wien the size of one display panel 1 is 11 mm
(X direction)x14 mm (Y direction), gnd 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 Yodiexmnpde, Bsmhor MerabpPbe tBe "Ri d h _of the second
projected portion 29B in 18 the X “di I’%Ctll Of Qﬁg péggc&ide

Mor eoverpatasri 21 (eh£LAEE (He d&?%%‘lﬁé‘d@ﬁ%%pﬁ ROg 10%1[1@&& 82%%); bor

proj ected portion pattern HspOI‘tIOI’l
patternp3@YetashlvPBi 8RR Y o T t|on adj ust i ng means_in the
bondi ng lOz:;ﬂgpar at gg acég{rﬁdl ngw‘l %{ h@gleetﬁ%&q}% pPé"W‘tféﬂ t HOBHOTL i on t he
bottom a ubstrate 7 het Ween the pair of parallel
surface 18‘%1t %ge%g &gptlﬂé’fﬁg‘ﬁ‘i Ehsedceorian patde nn 2 He wmiformyr f ace

pl ate ZQ go that %éhhe seal t ern 4 coj nC|des with the projected portion
pattern b |SW' edé?‘ﬁﬂé’tgﬁ enkeiitom sabstrateuBeomthaliop or the

i ke (not sho e)S g\hrﬁafighls attached to, for exanple, the bottom surface
plate 1§D 7 Proje¢ing pertion pattetisony wrinbhg@matofzﬁeaach ot her

and rot at abI e.. The bondi ng
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 surfacet; 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 ];tortion 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



means can include, for exanple, 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 Rby a UV lanp fromthe top
surface plate 20 side. The bottom surface plate 19 has a single-Ilayer
structure or a nultilayer structure which is made of at |east one of
netal, glass and ceramc. The top surface plate 20 is made of a materi al
with high W/ transmttance such as gl ass. However, in the case where the
seal pattern 4 is made of, for exanpl'® a thernosetting resin or the like
except faor t%? UV curable,.resin, the top surface plate 20 can be nmade of a
C g%“ﬁé f ley

mat eri al 14} 10y 1R LEAP t , Mareeverngsug thessase ot hr ough
2, and FIGS. 4 through 9C _the display panel assenbling step which is a
mai n charth& BpeyencPayern 264 Wbenﬁﬁwlgcewhﬂgamem Rottodi patteont he
enbodi nent wi |l be described bel ow The display panel assenbling step in

the rmanud@cttiatngs.mdbicodlensboradi thet depiressadoporinn ipattextes3Oh iseal
pattern formng step in which a seal pattern is forned along an outer edge
of each afredephhliyauinifprof. di spl ay panels 1 on a facing surface of at |east
one of the bottom substrate 2 and the top substrate 7; a position

adj usting stepTha westtiohhexdjelsting Sulsidat i ehéln%o&mngorhp%ti%tthéte [ are

arranged between the pair of parallel surfaces 19S and 20S by using the

bot t om sujdcae@img Aoe thd amehddMEnehPPisS Prbotde P! @ $ARBAVILRY bR& R " of

paral l el surfaces 19S and 20S
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 inclﬁde 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
lamp 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 ceramic.



on | east 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 19S and 20S
(Z direction) by using the bottomsurface plate 19 and the top surface
plate 20 so as to forma predeterm ned space between the bottom substrate
2 and the top substrate 7, and the seH dpattern 4 IE cured;7and a c;Jt_tltng
step in which e bot t.om. subst e nd the top substrate are cut into
ind!ovi dual di sp\&X B8 ré“ﬁRO ﬁﬁu&%ﬁé noughyes andFiieis. i throweghyPlen -

bel ow. FI 8,shows a flow chart of specific steps in the display panel 20
assenbl i ngl%tdslﬁp aY epamao assamiing rteabshichols atmpin (chaypetstitic t hr ough
S104). At first, the alignment filnms 11 and 10 are formed on the bottom
subst r at ep2rigie theemtamngubuximgt methodespmutliugl tp, theventhodineefiomitld i n the
substrate formng step (step S101) and the pattern formng step (step
S102) (stkep @asdmbetnbeidwe. stFThe displaystpandlorasesaiieg &h fiacitha _
surfaces of the bottom substrate 2 and the top substrate 7 are coated with

a pr edet emmmefdcsalMeNindthodhh 6dording TACEHY b BEUInDEn P PhNudede a0 410! Yani de
acid of approximately 5 to 10 wt% is dissol ved through spin coatl ng,

hrrusrcti il S SR s KE TRt R e

radi ati on,figat sdge of each of a plurality of display panels 1 on a facing
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 195 and 20S by using the bottom surface plate 19 and the
top surface plate 20 having the pair of parallel surfaces 198 and 208
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 20S (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 éubstrate 2 and the top substrate 7, and the seal
pattern 4 is cured; and a cutting stepr 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



thereby the alignnent films 11 and 10 are conpleted for the neantine.
Next, the alignnent filnms 11 and 10 are aligned (step S132). 1In the step
which is a so-called rubbing step, the surfaces of the alignnment filnms 11
and 10 are rubbed with cloth or the like in a predeterm ned direction so
as to forma plurality of parallel grooves wth an extrenely small depth
in a predetermned direction. The alignnment filns 11 and 10 can be forned
t hrough oblique evaporation or the |like using an inorganic material. In
this case, the rubbing step is unnecssary. Next, on the alignnent film

11, the seal tern 4 s fo ste 133). Fqr exanple, the_ seal

pattern f%ﬁetrﬁggnﬁr%t&& @ﬁpn%gsg)sﬁ%'b%ngsti@r% V%&%ﬂﬁ SS?P%E%@PSegéQIOf t he
di spl ay panel 21 , di_spenser using a UV curable epoxy resin.. In this
case, as @}W]I} %yw%)G Af firgb theyalignmentsfibme okl @@ﬁoﬁaim@ fermegdi ural ity
of display panels 1 are collectively forned on one bottom substrate 2. The
hei.ght (t ciifedhotioms substeatsl 2oandrthes top shbstisttep?) sespectisebyypl e, 20
m Next, the bottom substrate 2 and the top substrate 7 are tenporarily

fixed to whbich arecfoporad ihythiei xebstustet forhein28stai éatepS30)) dud thes step, .
as shown in FIG 9A, position adjustnent is <carried out so that the

central positernnfoeinesteap (siepsBN1aLe (Stey @ 181 )desIivhE dtBE, GRS,
position of the bottom substrate 2 in an
for example, the facing surfaces of the bottom substrate 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



I n-plane direction, and, for exanple, a UV curable resin attached to four
tenporarily fixed positions 23K is half-cured to fix the bottom substrate
2 and the top substrate 7, thereby the tenporarily fixed substrate 23 is
formed. In this case, in order not to cure the seal pattern 9 with W
rays, W/ rays are partly applied only to the UV curable resin attached to
four tenporarily fixed positions 23K. A space between the bottom substrate
2 and the top substrate 7 in the tenporarily fixed substrate 23 is
approximately 50 i.m and the space Is formed so as to be sufficiently

| arger than the height o he al pattern 4 at this tine (for exanple, 20
i.n. Nex(?lgp'? ngfglﬁg%gaﬁ ﬁi CW?@E"} §BB§¥rr§LSén’23ilPstlHF‘r%§§e&Si fhoyn 1n
predeterm.ned position, between the bottom surface plate 19 and the top
surface ﬁg(‘t?’e 420&’%%%%%1’%3 i‘£ c&ﬁmﬁféﬁl‘flégt He a edpsality|of disday
substrate 23 (step S135). In this step, at first, the tenporarily 22 fixed
subst r at do3melss 1j axereodtpasivelyeformedbont one sattave siibsteated 2.anThehe top
surface plate 20 in the bonding apparatus, and the tenporarily fixed

subst r at eheighits(tibckness afnthasphdmmtderect inrthis stept it ddriexaanple)- pl ane
direction by, for exanple, imge processing or the like so as to carry out
position Z¥umst rent between an outline 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 sNekgcehp! Bbetod SHBYedte Bl @nd%he”tl;]:; IBLEtHAteSRonds to FIG
6, and in FIG 9B, the projected portion pattern 27 (29) are not shown.

temporarily fixed to form a temporarily fixed substrate 23 (step
S134). In this step, as shown in FIG. 9A, position adjustment is
carried out so that the central position of the top substrate 7
coinctdes 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 pm, and the
space is formed so as to be sufficiently larger than the height of the
seal pattern 4 at this time (for example, 20 um).

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



FIG 9C is a conceptual diagram (perspective view) show ng a positional

rel ati onship between the tenporarily fixed substrate 23, the bottom
surface plate 19 and the top surface plate 20 in the case where such
position adjustnment is carried out. As shown in FIG 9C, the outline 100K
coincides with the outline 26K. Thereby, the seal pattern 4 in each

di splay 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 seaﬂzpattern 4 is fornmed on each parall el

surface of e _hot rface pl 9 and the t surface ate_ 20, a
nmanuf act Slfrnl(é]ag; =Y Sﬁégﬂé i%g%é&@ggge%;ﬁ)e%ggppi the gQﬂtESWHFF%F&nBL%t%Qe easily
carried out. ., n this step, it is preferable tqQ insert a buffer. material 21
bet ween tHRd btd &HPsﬁPFng:‘Ee dlate %‘g,mt e Hondingaappgrates.2endndghet he
bottom substrate 2 and the top substrate 7. The buffer material 21 is nade
of, for deamprrarily ihpubsubgseate 3Rdisamaed feaRin plhinskdosstiom ke buf f er
material 21 is_ determ ned dependi ng upon the hardness of the rubber, the
hei ght ofrotatedin)artindplsore dorectivat by for2@x489)le, iina geapridegdm®brpr essur e
and so on. For exanple, the buffer material 21 preferably has a thickness

of appr oxtihwalidkieysd asntoocadrgssut fparsidsamatpustinbnimetwadlehhaudbuilife
t hi ckness can be changed dependi ng upon the above conditions. \Wen the

17 o 23 el prodfelgeeint s s e o
uneven 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. 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 is 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



substrate 2 and the top substrate 7 corresponding to the seal pattern 4.
The buffer material 21 reduces bias of a pressure distribution when
appl yi ng pressure and reduce an inpact, so the buffer material 21 nay be
made of not only an elastic body such as a rubber material but also a
materi al which has | ower hardness than the bottom surface plate 19 and the
bott om substrate 2 and produces plastic deformation (for exanple, alum num
or the like). After adjusting the positions of the outline 100K and the
outline 26K, by using the bot t om sur f23ce plate 19 and top surface plate

20, pressyr.e; i pRl ied to..t he bott.o bstrate 2 an he tQp substrate 7
in a dired llg%ﬁ%\sl’ r&i tli? l%‘bff?%énﬁg‘?glaﬁneffﬁr flgtermin tdﬁﬁP@nddﬁge}lPPP is
preferable tq apply pressure in a nuJtistage process, that _is, with

t enpor al f&eeﬁgaﬁﬁm%aw IO?bgh%ie%‘él?l?%dda@I fight ofi the paejegted pertignep,
pressure is prelimmnarily applied slowy (for exanple, wth approximtely
0.1 kg/ crRRtdprprk §29k theomagnibade offmremsbub kil soion.t hEosealampld,ern 4,
and the above state is held for a 24 predetermned tine. Next, as a second
step, prddeubuffes mpperied 2lspoefeyablphaxamblieknwéd bf approximately 10. 5

kg/cn2 of pressure) so that a predeterm ned gap 4H (in the case where the

spacer 4Anis owdess (fdreegampld, 0.6hnemd] z8tkPigle stNdhidkidsd Bgndphanet er of
the spacer 4A) is fornmed between the bottom substrate 2 and the top

substr al ehianguil ddliibgOWysuD¥heahBogo ABthdfifol P SWRSHT BAE Hufitf el d

I n positions where the predeterm ned gap 4H 1s fornme
material 21 is inserted, in the case where 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 hardness 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 appiy pressure in a multistage process, that
15, 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



t herebetween for a predetermned tine. FIG 10A is a sectional view
showi ng a positional relationship between the projected portion pattern 27
(29) and the seal pattern 4 in this state. In FIG 10A, a sectional
surface portion of the bottomsurface 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 portign pattern 27 (29) is represented by a
proj ected portion 20T. As shown in FIKA  10A in an XY pl ane, the projected

ortions T 20T ;are arrgnged so as to gcorrespond to the seal pattern
2. Ther ef%l?%(‘l,‘&%\%ﬁlllggdp?léggw eﬁ?gﬁhﬁﬁ df ys‘%ﬁﬂqcéﬁe?o%é'ﬁéﬁgr%flst ﬂBPgﬁ@t om

substrate 2 .angd. the top,substrate 7 corresponding to the effectjve screen
area 3 i#‘)&’aléfh&BF %‘%PBF% F"tlyhﬁ%ri%weiﬁrﬁbﬁsﬂg{cnﬁ ol coressaan) (e
uniformy _ and strongly applied to all areas corresponding to the seal

patt erns that py predesrimingd gapaddbdinitdw chse where otheisgacedMAdnd shows
the state where the spacer 4A is dispersed in the seal pattern 4. As shown
in FIG 108d: the gan ¢ sulidt pasize2canespbading twubke rdisen@te?Sof fthem t he
uni form gap 4H corresponding to the dianeter of the spacer 4A After that,
whi | e hol shaxgrt 44) sisafermbdr ke press wie botegnl babstratbt ayh@l Ge tays R are
applied to cure the seal pattern 4, thereby the bottom substrate and the

top substswbstrit@r7e sinhdhd Boagehhenbeeizr 2 3ibihe! tdpt BubsGA3E 7 bk

exanple, W rays with a light |level of 100
held in positions where the predetermined 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



MmNV cn? are applied to the whol e 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 conplete the formation of the gap 4H
Finally, the display panel group 100 fornmed through bonding the bottom
substrate 2 and the top substrate 7 is cut into individual display panels
1 wth a dianond cutter or a super-steel cutter, and after a predeterm ned
liquid crystal material is injected iggto the display portion 31 fromthe
liquid cr staLhinIQ%B?, the liquid crystal inlet 6 is sealed with a

seal i ng HBerheuniermigep @3 epr Hshondi j anel assenbling
step in the manufacturing nethod accofHP%QHfgu%Egagﬁﬁgg?ﬁgne’ﬂgu@Bnpleted,
t hereby t4%. display panel 1 is conpleted for the neantine. Thus, as the

di spl ay panel group 100 formed through bonding the bottom substrate 2 and

the top subst rafter thia%, &Hhilk i:ndi M dual, di,spl ay panel s 1, display
panels with a uniform gap lcazﬁgledlﬂgf Wec%g%‘iq Vi %5@%%%1%\,@@&3&1&,
y. 26 As described above, in

mai nt ai Niylgr4vigle ' ' roducti vit

the method of manuf cét R?ﬁg%ﬂc}?@)Itgfuﬁév‘i}tees%ﬁhpﬁﬁ‘éelﬂl dplthgrelevibe

manuf act g,k anRa; ssaccqrding to ~the enbodinent, after the seal
pattern 40:t£s}ﬂ?or neégéfeo%ga?ﬁ«ﬁ’ﬁu&& subgiyatef’ exerbwided pogetddrt(stes di spl ay
panel s 1’81@6 usi{ng ﬁ.he botth surface plate 19 and the top surface plate
20 having a g Iln phis case, for example, UV rays with a light level of 100

air-o
mW/cm? 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 erystal
inlet 6 is sealed with a sealing member or the like (step S137).
Thus, the display panel assembling step in the manufacturing
method acpording 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 ver%kgal to the parallel surfaces 19S and
20S by using the bottom surface plat'e 19 and the top surface plate 20.

Therefore, whiAe JURFSBE® dbdve 3k iecg O aLeds Ahihae, ot tom
substrate 2 and the top Substf at gé}ge gg&rheos Std:f]ﬁ&"? CAngra 82$BMY screen
area 3 i iaded 4{d IhePai¥ALLt g despla% pane o L. pressure can be
uniformy and strongly fgé#’i&/eed%% Iﬁf“f’“ﬁ?&éﬁ@@r?ggﬁm%wqqyd@hg toeal
patterns (e 8 | S er or.the |ike does not exist in the
ef fective s’ecrglebr?%égeaﬁ{’3€ftﬁ§at}é§pﬁggls Paiteen Fﬁ seldopmeidnaling ¢heemiere screen
area 3. %ﬁg% Of%suht £a sgac .between the bottom substrate 2 and the top
subst r at §187 of gach, af 3 urgajbtymf@aﬁplm wairedenl ybpecsingdths bodtsthspl ay
device Ww t?ahi gﬁe%rg | mage quality can be efficiently manufactured. _
Speci fi cAUY25% ecd&e apkrthet tepbetrfanes yilate apeo Bagiglgt Repdfr dfop
substrate 7 T]g\fe a surface roughness of 0.2 mor less, in the bonding
step, pr®&atiel caripeeedds andnB08ron aitrlenssrid ef WRicHPREL i'%ﬁec‘ﬂedt he -
bottom substrate 2 and the top substrate 7 corresponding t(])ot e seal
pattern ®ortion pattern 27 (29) with a planar shape corresponding to the

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 208 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



Mor eover, specifically in the case where the seal pattern 4 is 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

m sal i gnment, for exanple, 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 wwdth ‘equal to or larger than the w dth of

t he seal ftopt sabstrhties7f mar qi n be secured duyrin
? iRy R SR e KT

manuf acturing, so the position adjust Fed out.
Still fulidiating nstbhe ufBeleg o g, byl gy material 21 is inserted
bet ween t he botton1gur§§%§ 3?a§§1ﬁ91etﬁgSﬁgpaQQrﬂgggnﬁp5XeappbpdtWe bot t om
substrat §g2t Ak t gp S 7, |.oad can be_ inposed nore uniformy on
the. whols portions 6 théﬁ%ﬁ?téﬂﬁxgﬁﬂ ¢ r & 21 ablbie t hept sybsibate affe 7
cor r espongi, he seal tern 4, thereby a uniformgap can be forned
nmor e easiIyﬁgﬁééééﬁﬁ%ﬁ%ﬁheFggiﬂétﬁﬁﬁaﬂﬂg step, in the case where pressure
is applied t@@the botton1§ybstra1e 2 and the top substrate 7 in a 28
mul ti stage prot8580Ved: FReFHI¢G¥pie dhebeaseomtadenthie sehdasterh SEGENd
Enbodine?&$ng%xt, referfing to FIGs. 11A and 11B, a nethod of
s0 as to include the spacer 4A, no spacer 4A exists in the
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 js
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



manuf acturing a display device and a di splay devi ce manufacturing

appar atus according to a second enbodi nent of the invention wll be

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 FIG. 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. n FIGs. 11A and 11B, |i ke conponents

are donated by like nunerals in Fl 8 5A and 5B. In the fol |l ow ng

descri ptigQnltides | r points in the .nmethqd of manufacturing a
di spl ay devi cle a%btrﬁgéécﬁs%:ﬁgvP%él\}i%aé) C?rﬁnlﬁ foume AgoEpsbaRiyus according to

t he enbodig f { e .jaccording to the first enbodi ment will be
descri beg %EP%\(}V,ngr?c?dg%ﬁee?t] points will not be further described. In the

first enbodi mzﬁ% the bottom surf%ﬁe plate 19 nade of netal, glass,
ceranic or the Fike T&ISFTE 404 FREsbuf¥liek reatcer i1d/B,21a nmdehodl afr ubber

sheet or the Like i.s insgrted between the bottom surface plate 19 and the
t enpor ar iT§ PHREHI4BER (displag dewice nd at displagndbvice AR uTEEANIng
enbodi nent, a bottom surface plate 22 wth an elastic surface on which the

pr oj ect e@PPSTELBA grsordimg 219 28ecé2d)embodHhERY ITiH2 H?J(ﬁit!i&k will @%CG IS
used. More specifically, as shown in FIGs. 11A and 11B, w thout e buffer .

mat er i al described below.

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



bottom surface plate 22 including a rigid |ayer 22A and an elastic |ayer
22B is used. The bottom surface plate 22 includes the rigid | ayer 22A and
the elastic layer 22B laminated 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 th %igid | ayer 22A. The el astic |ayer

22B i s ma@®)ofs for@mbarbal 4 W hi gh,. nodul us of elasticity such as
rubber, and a projected p%r %It(}lrﬁ%latgﬁgaﬁe 237‘{52@) i Margr speribisallys asf ace 22S
faci ng thehdwp SUr lat e 20. re specifically, the elastic |ayer 22B
is preferably madeﬁ‘g?gNB&% (‘%ﬂ‘f#l%/bm%‘évs ,thﬁobyﬁf\:m heatertal it dhewi th a
har dness 0. reqyer, the thickness of the elastic |ayer 22B is,
for exarrptf)({at,t ég‘ %qn%z?%e ?IYbﬁﬁ'f Zndanpindimgs acrigid tayerh224handfas hdaptiej ect ed
portion atth? (29) is preferably 1 mm Thus, in the second

embodi me S tB¥dsurface plate 22 includes a two-layer structure of

the rigid iayg&hZ%{A and the elastic |layer 22B, and the projected portion

pattern 27 (29)PiRattanpisantace phatre 200indAs@erdilg rifidt Ny ieabaPaLfern 4 is
formed on the surface 22S in contact with the tenporaril’y fixed substrate

23, 50 vithRothes8: layer BEH taminhesd ah, ot BrorRdNGidY oRgRLia% YR P Ng) of
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



tenporarily fixed substrate 23, pressure can be nore strongly and reliably
applied to areas corresponding to the seal patterns 4 of a plurality of

di splay panels 1. In the second enbodi nent, the bottom surface plate 22

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 el astic layer. Next, specific exanples in the first enbodi nent and
the second enbodi ment will be descrigfd bel ow. [First Exanple] On the
basi s of the manufacturing nethod according to the first enbodi nent, the

di spl ay gheelbaffeup MdtbiaL! ughng 1 L.spl anels 1 was . formed on the
bottom substrate 2 incl udi ng thgl%Si Igesds]g 13’% gl%l%ﬂfglélgm Bhng)| afgdbei zed

silicon wahesoMirtityy 53 inches (= 203 mm). The size of one

di spl ay pafr?gll5 1 \,1\273 1%%?%&?%%% %314plfﬁﬁ?l‘fgrﬁﬁ‘{ g’.‘??m(ﬁ@héér(m@g'oﬂaﬂ). The

seal patb§ 1.9r f a UV curahl e epoxy resin including 1.5 wt %

of a sil ircgia(%%?cﬁﬁlsl%gcig%ﬁga% tHTESHPRARRE tothe wajnpattieenst heofyap 4H in

each di sp| lp oL s nmeasured in a state before injecting a liquid
crystal, Btlﬁgaggg%ilgl% Ylpénﬁrs iﬁ%i n proximty to the seal pattern 4, and
1.9 gn¥L10% i _a gentral portion _of the effective screen area 3. Moreover,

when the gap 4R i%Peatdfondi spnbpdimmsit, 1 thei dotvera emzhes eglhhg ough
i nj ecti nclzjnalnqil seal ing_31
cludes two ™ layers, but may 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 Example]

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 mmx11 mm (0.7 inches diagonal). The seal
pattern 4 was formed of a UV curable epoxy resin including 1.5 wt%
of a silica (Si03) 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 nm+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 neasured, it was confirmed that in each display
panel 1, the gap 4H was 1.9 1xnB%t hroughout the effective screen area 3.
[ Second Exanple] Next, as in the case of the above first exanple, on the
bottom substrate 2 including the Si substrate 16 nade of a | arge-sized
silicon wafer with a dianeter of 8 inches (- 203 nm, the seal pattern 4
was formed of a UV curable epoxy resin including 1.5 wt% of a silica
(Si ) spacer 4A with a dianmeter of 3;9 mm and then 136 display panels 1
were col l ectively bonded by the bondi ng apparatus of the second enbodi nent

shown i ntké GiquidAceyatal 1BasTheeséared) it oRasdiesRfith BN HatliN@Sach
approximately 14 mmxl|l mm (0.7 inches diagonal). Wen the gap 4H I n each

of 136 diligplay panel 3, thebed Wil v CHi NG 2Bok !tﬂ&!{)gg{ié&ftﬁﬁb)efg?&ri)a asur ed

at that stage, the gap 4H "was 1.9 nmB% in proxim e se tern 4,
and 1.9 gdQ%n heg scentral portion of the effective screen area 3.
Moreover, when the gap 4H in each display panel 1 which was conpl eted

t hrough pd G, sealing the liquid crystal was nmeasured, it was
confi rm%g%%?gfél n e]%@ﬂe]di splay panel 1, the gap 4H was 1.9 n8% t hroughout

the effective,scr,een ar it was found out that in the

manuf act uri ng Gba st %%%ﬁgﬁﬁ-l‘;ggﬁ@h?cﬂ?%\ée ff.i%te}@mﬁbﬁ,n@ﬁtth&nbotﬂ@@ second
o i PR e o #PEWdBEnihe Nbr ceberatet lasaderet oularbatizat
silicon wafer with a diameter of 8 inches (3 203 mm), the seal
pattern 4 was formed of a UV curable epoxy resin including 1.5 wt%
of a silica (SiOg) spacer 4A with a diameter of 1.9 mm, and then 136
display panels 1 were collectively bonded by the bonding apparatus
qf 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 pm+3% in proximity to the seal pattern 4, and 1.9 rm+10%
In a central portion of the effective screen area 3. Moreover, when
the gap 4H in each display panel 1 whick 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 pm=*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 appa.ratus, a

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



32 enbodi nents were suitable to manufacture a display device in which as
the gap 4H, a uniformgap of as small as 2.5 [tmor less was required to
be fornmed, and even if the gap 4H was reduced to approximately 1.0 m the
gap 4H could be uniformy forned. Further, it was found out that in the
case where the display panels 1 which were collectively bonded had a size
of 35 M X 20 nm (1.5 inches diagonal), the gap 4H could be uniformy
formed. The display device manufactured by the manufacturing apparatus
according to the first enbodi nent and3% he” second enbodi ment and t he

manuf act ur | net hod using t manuf act uri ng apparatus_conpri sed a

pr edet er nt ]ﬁlgjg’ %P%eﬁftgywﬁﬁﬁglulp%ﬂ?dw agtupe a'i‘yg’pﬁPifiY dkeviegin twbich spl ay
device conprij,sed a first suyhstrate and a second substrate facing each

ot her whi &h théo®am ed Adfamagapapklas smald aed.Sppnt ernldssr meds i n an
area except for the display portion along an outer edge of the first
subst r at er¢fiirede taebonforapds rand. eviire Heshepgapedit vwmasf psdmebdbfto a

mat erial including a space adjusting nenber, and the space adjusting
member wagppieposatelynily0i pnt heheeadapad Hergouldndevasmifowhlyi fresedl in the
di splay portion. As shown in the first exanple and the second exanple, in
t he di spl Burtlesm, de was feuiin @aittltat in thB@asdi wRkaY tB@rtﬁlsPPe{y Bafeldgh or

nore di agonal, a space between the first substrate and the Second
subst r at ewhoglreglee WHlltMAFObBREER KR a3Siz8"BE 3PS50 M X020 nl fSEL 5
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 using the
manufacturing apparatus comprised a predetermined display panel
including a display portion, and the display device comprised a fir.st
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 seai 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



The present invention is described referring to the 33 enbodi nents and the
exanpl es, but the invention is not limted to the enbodi nent and the
exanples, and is variously nodified. For exanple, in the enbodi nents and

t he exanples, the seal pattern is made of a UV curable resin; however the
seal pattern may be made of a thernosetting resin. In this case, as a pair
of surface plates, a material with high UV transmttance nmay not be used.
Moreover, as the material of the seal pattern, not only the above materi al
but also a material which is curable33n a state where pressure is applied
to the bottqﬁgﬁubstrate d the top sybstrate and has no adverse effect on
sur r oundi FRICRgRBIaLEsand the,examples; dutr fhe anventwn is nognlinvigedpisl i ed.
Further, jin the case where njsalignnent such as passage of |ight which
occurs duthq smhedumentand sheenamplesnr and is werwhfsdy thudifiedcear ea does
not cause degradation in image quality, the spacer may be dispersed in the
ef f ecti veeXamade, tndhe emdbodamehits andsihe axanmesnithersvadapag@ainbe f or med.
Further, in the enbodinents and the exanples, the surface plate on the

bott om smiasker af @ Bileurabhoyesin; chewevyr e H10haGerROMRChe hidgesur face
plate on the top substrate side may be noved. Moreover, in’the enbodi nents

and the efaanthesmd@epting HésinSUrfa¢RiPLaLESa DA/ Baft Qﬁkﬁrf%ﬁccefﬁfaaclelseh

surfaces on at |east one of which the projected portion pattern wmth a

B'r gjng::t Z gﬁﬁ%erﬁqrﬁrmpﬁrﬂgh ngvt 9réﬁ§1n§ﬁ@nc%aﬁa%f Dok Spd %Eﬁ?’; lﬁ%\f!ggxeréf, the
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 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



portion pattern is preferably formed on both parallel surfaces. Moreover,
the height of the projected portion pattern (that is, the 34 depth of the
depressed portion pattern) is preferably uniform however, dependi ng upon
t he shape of the seal pattern, the height nay be changed so as to
uniformy apply pressure. The size of each portion of the projected portion
pattern in the invention is preferably determ ned by the position and the
width of the seal pattern, the anougl of the space adjusting nmenber
included in the seal pattern, and the surface roughness, bending or the

like of denth ofibtheatleprassatbsportied ahtern) Nst HiodeSOIRY ﬂﬁ\féc,jﬁﬁ;
manuf acturing apparatus according to the invention, position adjustnent is

carried howteves, ideplenidingSepbnPeié (AP b theSs& 91 TBE: A% Ahd %%3%@?“ of a

pair of facing surface of the first substrate and“the sécond rate and

has a shapey Beaihddil ggtaegt@q%qfd}fégghﬁpgwgkgg%&r ea in each of a

plurality of display panels coilnci 1E.'ﬁ'ect ed portion pattern
whi ch is formgg,08at &: air_of allel surfaces of the
first substrate and t%ﬂeg%z}é g)g%%oﬁ%gfrt é’%ﬁcﬁipgrﬂpéﬁtte%dﬁe‘?he
correspopl 10 al . patfern, .an ressure is applied to the first
subst r at gp%ér}gléﬁeltsgé%%ﬁaagﬁbé#egﬁf’éupﬁgaﬁﬁit cRehiare amd she twidthhef par al | el
surfaces sin air of surfacg plates. Therefore, a gap between the
first -sugg%lFg?Lp%ﬁ%ﬁhé@eﬁ%%ﬁ&h%ﬁ@?% etjustingamepaper intheleaf f ecti ve
screen area can li)e uni form§ secured, so a

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 sur_face 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 substraﬁe and has a planar
shape porresponding to the seal patiern, 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 is, 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



di spl ay device with higher image quality can be efficiently manufactured.
Specifically in the seal pattern formng step, in the case where 35 the
first substrate and the second substrate which have a surface roughness of
0.2 gmor |less are used, uniformpressure can be nore easily applied to
portions of the first substrate and the second substrate corresponding to
the seal pattern. Mreover, specifically in the seal pattern form ng step,
in the case where the seal pattern iBs forned of a material including the
space adjﬁsthg menber, a uniformgap can be fornmed wi thout degradation in
i mge qudbptlirefusubstrate sputdhadsesiidguirtbere wBRS hiaga! hYsifakoe

position adjusting step and the bonding step, in the case where a pair of

surface pbaghnesn oft).Ghpnher Risej 6t Q8e ROkl AIY RAS fe i ' equal
to or larger than the wdth of the seal patter nalit's of%ne%mapgvﬁt}gég, a

manuf act eakilg appl@d ©AHRIGES W TheSfRPSLEI j ust t can be nore
easily carried out. As zripresult, pregsglrrggc%%bggaﬁgréiﬁgﬁﬁgbﬁﬁc% lied to

only an anbatiGRe'®TRESSHNY; seal rn, and a uniformgap can be
easily forned. Speci fighgal I i/ﬁ?ﬁ&{i&g %%éilfa?tgt%gﬂdj usting step, in-the -case

the “first subsresyersshReiiSal IR bES sep) Mite o smidecsiemanthe.
uni form y, aPRIE &4 §Ret N8 poe{t%epr? ritsi ?oq'smgé (g a fn;a[tsetriaslu?rszélru?itiggagl(lje
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



the second substrate corresponding to the seal pattern, and a uniform gap
can be easily forned. Specifically in the position adjusting step and the
bonding step, in the case where as at |east one of the pair of surface
plates, a 36 surface plate with an elastic surface on which the projected
portion pattern is fornmed is used, without the buffer material, while
reduci ng bending or the like of the first substrate and the second
substrate, pressure can be nore strog&%y and reliably applied to all areas
corresponding to the seal patterns i plurality of display panels.

Specifically.in the bonding step, in Lhe case ere pressure . is applied to
the fi rsts%%ﬁgf’rpélagea%&q} Prg %%’csg’r?dsgﬁt?scter gflewh\l{‘l\g?it FuUPtQIgetRsk PRFHOBss, a
uniformgag can he forned nore stably. Specifically, in the case where the
proj ect ed®a$8rRi df fermedn 1syiuspda Witheukqthae b@féar |magerial hawhilee wi dt h
of the seal_ pattern is forned, a manufacturing margin is secured, so

posi ti on edlusingehending drethorlikeasf the clirst edbstitateAsnd tleseicpndr essur e
can be nore reliably applied to only an area corresponding to the seal
pattern, swhatratenpfessumgapande beoreastionglor avd. reBeddifappliby tonallne case
where at | east one of a pair of surface plates has an elastic surface on

whi ch t heanaej eotssbpoerdingnt@atieckdal iFatterA®din %Eh@rél@%ﬁ'@fnﬂiﬁﬂaﬁii ng or
the like of the first substrate and the second substrate, pressure is nore
strongly pakelisel i ably
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 oﬁly an area corresponding to the seal pattern,
and a uniform gap can be easily formed.
Spec,;ifically 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.



applied to all areas corresponding to the seal patterns in a plurality of
di splay panels. 37 CLAIMS 1. A nethod of manufacturing a display device,

t he display device conprising a display panel on which a predeterm ned
display area is forned, the nmethod conprising: a seal pattern form ng step
of formng a plurality of seal patterns each along an outer edge of a
display area in each of a plurality of the display panels on at |east one
of a pair of facing surfaces of a first7 substrate and a second substrate
facing e Imﬁ§her; a position adjusting step of using a pair of surface

pl ates having a pair of parallel surfaces on at |east one of which a

proj ected por tli anmehbd 8f MamifhbuAngh ANPlay c&h%@?th@ﬁis'bﬁa%%@&%%@t\ﬁbﬂ iﬁgch of the
plurality (gif seal patterns and a depressed portion fl;())attern tF‘I pl anar

shape cofr&spandisng ep whighra ipsedetrsminadndispley grarial fotpedsf thei mpthayd panel s
adj acent .t.0 ﬁgﬁ% other and a portion except for the seal patterns of the
plurality OF the display panels are forned to adjust positions of the

first substrabecanmitbiefosaingruters abfimaicea PainiaeRItsba Makis heakal! el
surfaces_so that the_ s attern coincides wth the proj&ﬁect ed portion
Bang

|
pat t er n, ThWAEFLF et‘}’fél & ?a%f* cf yn ch e plusality ef tephiwise o1 inlegdt t er ns
bet ween édeofP] phiAbf fa¥in@fsuffh&Rlod% fg@r%lb&ratQQh¢ﬁ%Qéogh%u§$ﬁal?e féc&gea]::ﬁr m at
ng the fir

| east one groove space; and a bonding step of bondi Substrate
and the @&ewnd substrate arranged in the position adjusting step together
t hrough applyi re to the.first subs nd the second substrate

inadirecti O%Bg%iﬁ'r?g%i]%s 182 Si5R avsing @Ipaé%?# é}%@%ﬁaﬁmﬁﬁé\aﬁ@gra pair of

parallel surfaces on at least one of which a projected portion pattern with a planar
shape corresponding to each of the plurality of seal patterns and a depressed
portion pattern with a planar shape corresponding to a portion between the
- plurality of display panels adjacent to each other and a portion except for the seal
patterns of the plurality of the display panels are 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, wherein the plurality
of successive depressed portion patterns between the plurality of display panels
adjacent to each other form at least one groove space; and
a bonding step of bonding the first substrate and the second substrate arranged
in the position adjusting step together through applying pressure io the first substrate

and the second substrate in a direction vertical to the parallel surfaces by the pair of

surface



surface 38 plates so as to have a predeterm ned space between the first
substrate and the second substrate, and curing the seal pattern. 2. A

met hod of manufacturing a display device according to claim1, further
conprising: a cutting step of cutting the first substrate and the second
substrate into each display panel. 3. A nethod of manufacturing a display
devi ce according to claiml1l, wherein in the seal pattern formng step, as
either the first substrate or the secd® substrate, a silicon substrate on

which a l.cond r device for display control i formed is used. 4. A
met hod o? ﬁ%n%faascﬁh%’enagp%dﬁﬁe%’lnﬁglS gilbﬁé”eﬁﬁg?ﬁﬁ‘ishﬁl%ﬁfém&% fesecongher ei n i n
t he seal sylatrh@] dhdf ik ee Shbpaticad at | east one of the first substrate and
the second substrate, a glass substrate on which a transparent el ectrode

is formed is used. 5. A nethod of manufacturing a display device according

to claim1, whergj I tr and.the second substr.ate which
have a different Ag a%lté)aﬁ) f f(')ﬁnalrn E{éaé:g#&%tah%%ﬁ% dovigs ,°°f§h°& tgg?al?“nl’ ®bondi ng
st ep, theompnsdg:substrate and the second substrate are tenporarily fixed
to forma terrgorafil fixed substrate.

cutting step of cutting the first substrate and the second substrate into each

display panel.

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

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
the first substrate and the second substrate which have a different shape from

each other are used, and



6. A nethod of manufacturing a display device according to claim1,

wherein in the seal pattern formng step, as the second substrate, a
substrate with UV transmittance is used, and the seal pattern is forned 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 transmttance is used, and while applying pressure,
ultraviolet rays are applied to the s&& pattern through the surface plate

with UV trans eco ubsirate tq cure the seal pattern 7.
A met hod of rrg%% gea&& fﬁﬁls gsf@iw&i 8 Seond syt ¢ wmmosatly wher ei n

in the bﬁﬂ&lﬂgfosm%nemgéﬁaﬁ[yﬁk@rdsgubgfa%sure is prelimnarily applied, second
pressure higher than the first pressure is applied and held. 8. A nmethod of

manuf acturing a display device according to claim1l, wherein in the seal

pattern formgg s ter or.ned of .th rrmsettlng
resin, and i n@t heA%ﬁﬁgﬁﬁ%a&%n%ag%YWY@e ?08&%@0??1 is applied to
t he sealwlpmmern to cure the seal pattern. 9. A nethod of rranuf acturing a

di spl ay devi ce accordi ng é claim1, wherein in the seal pattern formng
step, the firdthesElnaliEen Dmingrens @s dirisesand sykstrate, a substrate with UV

transmittance is used, and the seal pattern is 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, ultraviolet rays are applied to the seal pattern through the

surface plate with UV transmittance and the second substrate to cure the seal pattern.

7. A method of manufacturing a display device according to claim 6,

wherein
in the bonding step, after first pressure is preliminarily applied, second

pressure higher than the first pressure is applied and held.

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



havi ng a surface roughness of 0.2 n in or |less are used. 10. A nethod of
manuf acturing a display device according to claim1l, wherein in the seal
pattern formng step, the seal pattern is fornmed of a material in which a
space adjusting nenber is dispersed. 11. A nethod of manufacturing a
di spl ay device according to claim11, wherein in the position adjusting
step and the bonding step, the pair of surface plates on which the
projected portion pattern with a vvidtﬁoequal to or larger than the wi dth of
the seala thaiiREMingk&i!s8d- 12. A method of nanufacturing a display device
according to claim1, wherein in the position adjusting step, a buffer
material is iHsiéebeoding stepevhibseapplyiog prissurefhesuis fapplécdoioahescal pheerfii r st
substr at ond substrate. 13. A nethod of manufacturing a display
devi ce a@c‘%?%?htﬁgg%%%ﬁ?gi m 1, wherein in the position adjusting step and
t he bonding step, as at |east one of the pair of surface plates, a surface
plate with an el astic surface on which the projected portion pattern is
formed is use® 14 methemefpanuactwargt displayidayicaadiosdihago dein te according to
claim 1,Wh&dg,§,rei n in the bonding step, pressure is applied to the first
substrate and the second substrate in a nultistage process.

: in the seal pattern forming step, the first substrate and the second substrate

having a surface roughness of 0.2 » m or less are used.

10. 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.

11. 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 equal to or larger than the width of

the seal pattern are used.

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

wherein

in the position adjusting step, a buffer material is inserted



15. A di splay device manufacturing apparatus, the display device
conprising a display panel on which a predeterm ned display area is forned,
the display device manufacturing apparatus conprising: 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 plurality
of seal patterns each along an outer edge of a display area in each of a
plurality of the display panel s and dldepressed portion pattern with a
pl anar s rrespondin portion between the plurality of display
panel s agi?t &1 CPETOAS fﬁ‘% Pl@?%éli‘e istisubshiate @nd Hheeseeapt subgatene seal
patterns of the plurality of the display panels are formed, wherein the
plurality of successive depressed portion patterns between t he plurality
of display pahels Adjesomhel manufetiring hdisplhpdavias adcerditg tndaigr bove space; a
posi ti o%&égstl ng neans of adjusting the positions of a first substrate
and a second substrate having a pair effacing surfaces on at |east one of
whi ch the seain thp@bifion allfustidy S8 aREINERMAIIIE Rl apfeaa%éldf%e Affaces so
that the seal pattern coincides with the projected portion pattern; and a
bondi ng ?Fé%ﬁgacﬁfplﬁ%oﬁ farfageeplate stithsabstaste sufact vhevisicl dhel psojbaied at e
arrange i ti ng neans together through applying pressure
to the dl?(%r{r}glﬁpﬁwglgt&r angJ %{fie second substrate in a direction vertical to
the parallel surfaces by the pair of surface plates so as to have a
pr edet er m neﬂ]e4s ace bﬁ} en the first _substrate and the second substrate,
and curing t etysing asgiprlyy deviseeccauting wodaim hg appar at us
accor di Rghekn cl ai m 15 vvherel n the projected portion pattern has a width
equal to or larger than the w dth of '

in the bonding step, pressure is applied to the first substrate and the second

substrate in a multistage process.

15. A display device manufacturing apparatus, the display device
comprising a display panel on which a predetermined display area is formed, 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 corresponding to a plurality of
seal patterns each along an outer edge of a display area in each of a plurality of the
display panels and a depressed portion pattern with a planar shape corresponding to a

portion between the plurality of display panels adjacent to each



the seal pattern. 17. A display device manufacturing apparatus according to
claim15, wherein at |east one of the pair of surface plates has an

el astic surface on which the projected portion pattern is forned. 43 18.
A display device manufacturing apparatus according to claim15, wherein

the position adjusting nmeans is attached to one of the pair of surface
plates, and is novable to two axial directions orthogonal to each ot her,
and the position adjusting neans inch&des a rotatabl e table.

other and a portion except for the seal patterns of the plurality of the display panels
are formed, wherein the plurality of successive depressed portion patterns between the
plurality of display panels adjacent to each other form at least one groove space;

a position adjusting means of adjusting the positions of a first substrate and a
second substrate having a pair effacing 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.

16.  Adisplay device manufacturing apparatus according to claim 15,
wherein

the projected portion pattern has a width equal to or larger than the width of
the seal pattern.

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

projected portion pattern is formed.




43
18. A display device manufacturing apparatus according to claim 15, wherein
the position adjusting means is attached to one of the pair of surface plates,
and is movable to two axial directions orthogonal to each other, and

the position adjusting means includes a rotatable table.



