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(57) ABSTRACT 
In an active matrix substrate, the substrate includes a pixel 
region and a peripheral region surrounding the pixel region. 
A plurality of adhesive layers arranged to form a matrix 
having roWs and columns are arranged in the pixel region, 
and pluralities of active elements are formed, respectively, 
on the plural adhesive layers. A spacer layer is formed in the 
peripheral region, and a uniform pressure is applied betWeen 
the active element and the adhesive layer in performing the 
transfer. 
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ACTIVE MATRIX SUBSTRATE, METHOD OF 
MANUFACTURING ACTIVE MATRIX 

SUBSTRATE, AND INTERMEDIATE TRANSFER 
SUBSTRATE FOR MANUFACTURING ACTIVE 

MATRIX SUBSTRATE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from prior Japanese Patent Application 
No. 2003-332815, ?led Sep. 25, 2003, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to an active matrix 
substrate, a method manufacturing an active matrix sub 
strate, and an intermediate transfer substrate for manufac 
turing an active matrix substrate. 

[0004] 2. Description of the Related Art 

[0005] An active matrix type display device having active 
elements arranged on matrix-like pixels permits realiZing a 
planar type display device of a high image quality. Particu 
larly, a liquid crystal display device (LCD), in Which a liquid 
crystal is used as an optical shutter and each pixel is driven 
by an active element such as a TFT, is Widely used in various 
devices such as a PC monitor and a television receiver for a 
video display. 

[0006] Also, an organic EL display device that permits 
displaying a full color image on a thin panel has been 
developed. In the organic EL display device, the organic EL 
materials that emit light rays of red, green and blue are 
formed into pixels by an ink jet method or a mask vapor 
deposition method, and each pixel thus formed is driven by 
an active element such as a thin ?lm transistor 

[0007] In almost all the types of the display device, the 
active element is formed on a glass substrate. HoWever, the 
glass substrate tends to be cracked and is heavy. Also, the 
display device having a glass substrate incorporated therein 
tends to be broken and is heavy. Such being the situation, it 
is desirable to develop a tough and lightWeight display 
device. It is also desirable to develop a ?exible display 
device that can be bent or folded freely. 

[0008] Under the circumstances, a display device com 
prising a ?exible substrate excellent in the impact resistance 
and light in Weight such as a plastic substrate attracts 
attentions as a display device satisfying the requirements 
given above. In the display device of the particular type, it 
is necessary for an active element such as a thin ?lm 
transistor (TFT) to be formed on the plastic substrate. 
Presently, amorphous silicon or polycrystalline silicon 
(polysilicon) is Widely used for forming the thin ?lm tran 
sistor. What should be noted is that it is absolutely necessary 
to employ a high temperature process of about 350° C. to 
600° C. for forming the thin ?lm transistor. On the other 
hand, the plastic substrate is resistant to heat of only up to 
about 200° C. It folloWs that it is difficult to form the thin 
?lm transistor directly on the plastic substrate. 

[0009] As a method for overcoming the dif?culty 
described above, proposed is a method of using an element 
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formation substrate and a ?nal substrate in place of the 
method of forming an active element directly on the plastic 
substrate. To be more speci?c, the element formation sub 
strate is formed of a glass substrate having thin ?lm tran 
sistors formed thereon at a high density so as to form a thin 
?lm transistor array. On the other hand, pluralities of plastic 
substrates are used as the ?nal substrates. Of course, the thin 
?lm transistor array is transferred from the element forma 
tion substrate onto the plastic substrates used as the ?nal 
substrates. The particular method is disclosed in, for 
example, Japanese Patent Disclosure (Kokai) No. 6-118441, 
Japanese Patent Disclosure No. 11-142878 and Japanese 
Patent Disclosure No. 2001-7340. In this method, the thin 
?lm transistor equivalent in characteristics to the conven 
tional thin ?lm transistor can be formed on the plastic 
substrate because the thin ?lm transistor can be formed at the 
temperature substantially equal to that for forming the 
conventional thin ?lm transistor. It should also be noted that 
the transfer cost can be loWered because the thin ?lm 
transistor array can be transferred from a single element 
formation substrate onto a plurality of ?nal substrates. 

[0010] In the conventional method, hoWever, it is possible 
for even the element that should not be transferred to be 
transferred from the element formation substrate onto the 
?nal substrates so as to give rise to the problem that the 
transfer selectivity is loWered. 

BRIEF SUMMARY OF THE INVENTION 

[0011] An object of the present invention is to provide a 
method of manufacturing an active matrix substrate having 
high transfer selectivity, an active matrix substrate manu 
factured by the particular manufacturing method, and an 
intermediate transfer substrate used in the method of manu 
facturing the active matrix substrate. 

[0012] According to an aspect of the present invention, 
there is provided an active matrix substrate, comprising: 

[0013] a substrate having a pixel region and a periph 
eral region surrounding the pixel region; 

[0014] a plurality of adhesive layers arranged in a 
matrix having roWs and columns in the pixel region; 

[0015] a plurality of active elements formed on the 
adhesive layers, respectively; and 

[0016] a spacer layer formed in the peripheral region. 

[0017] According to another aspect of the present inven 
tion, there is provided a method of manufacturing an active 
matrix substrate, comprising: 

[0018] forming active elements on an element for 
mation substrate; 

[0019] bonding the active elements formed on the 
element formation substrate to an intermediate trans 

fer substrate; 

[0020] removing the element formation substrate 
bonded to the intermediate transfer substrate With the 
active elements interposed therebetWeen; 

[0021] forming adhesive layers in a pixel region of a 
?nal substrate having the pixel region and a periph 
eral region surrounding the pixel region; 
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[0022] forming a spacer layer in the peripheral region 
of the ?nal substrate; 

[0023] transferring the active elements bonded to the 
intermediate transfer substrate to the adhesive layer 
of the ?nal substrate; 

[0024] forming Wirings on the ?nal substrate; and 

[0025] connecting the active elements on the ?nal 
substrate to the Wirings. 

[0026] According to another aspect of the present inven 
tion, there is provided a method of manufacturing an active 
matrix substrate, comprising: 

[0027] forming active elements on a element forma 
tion substrate; 

[0028] preparing an intermediate transfer substrate 
having a ?rst piXel region and a ?rst peripheral 
region surrounding the ?rst piXel region; 

[0029] bonding the active elements on the element 
formation substrate to the ?rst piXel region; 

[0030] forming a spacer layer in the ?rst peripheral 
region; 

[0031] removing the element formation substrate 
bonded to the intermediate transfer substrate With the 
active element interposed therebetWeen; 

[0032] preparing a ?nal substrate having a second 
piXel region and a second peripheral region sur 
rounding the second piXel region; 

[0033] forming an adhesive layer in the second piXel 
region; 

[0034] transferring the active elements bonded to the 
intermediate transfer substrate to the adhesive layer 
on the ?nal substrate; 

[0035] forming Wirings on the ?nal substrate; and 

[0036] connecting the active elements on the ?nal 
substrate to the Wirings. 

[0037] Further, according to still another aspect of the 
present invention, there is provided an intermediate transfer 
substrate, comprising: 

[0038] a substrate having an element region and a 
peripheral region surrounding the element region; 

[0039] 
[0040] a plurality of active elements formed apart 

from each other on the peeling layer on the element 
region; and 

[0041] a spacer layer formed in the peripheral region 
on the substrate. 

a peeling layer formed on the substrate; 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0042] FIG. 1 is a plan vieW schematically shoWing the 
construction of an active matrix substrate according to a ?rst 
embodiment of the present invention; 

[0043] FIG. 2 is a cross sectional vieW for describing the 
manufacturing method of the active matriX substrate shoWn 
in FIG. 1; 
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[0044] FIG. 3 is a cross sectional vieW for describing the 
manufacturing method of the active matriX substrate shoWn 
in FIG. 1; 

[0045] FIG. 4 is a cross sectional vieW for describing the 
manufacturing method of the active matriX substrate shoWn 
in FIG. 1; 

[0046] FIG. 5 is a cross sectional vieW for describing the 
manufacturing method of the active matriX substrate shoWn 
in FIG. 1; 

[0047] FIG. 6 is a cross sectional vieW for describing the 
manufacturing method of the active matriX substrate shoWn 
in FIG. 1; 

[0048] FIG. 7 is a cross sectional vieW for describing the 
manufacturing method of the active matriX substrate shoWn 
in FIG. 1; 

[0049] FIG. 8 is a plan vieW for describing the manufac 
turing method of the active matriX substrate shoWn in FIG. 
1; 

[0050] FIG. 9 is a plan vieW shoWing the active elements 
included in the active matriX substrate shoWn in FIG. 1; 

[0051] FIG. 10 is a plan vieW shoWing the active elements 
included in the active matriX substrate shoWn in FIG. 1; 

[0052] FIG. 11 is a cross sectional vieW for describing the 
manufacturing method of the active matriX substrate shoWn 
in FIG. 1; 

[0053] FIG. 12 is a cross sectional vieW for describing the 
manufacturing method of the active matriX substrate shoWn 
in FIG. 1; 

[0054] FIG. 13 is a cross sectional vieW schematically 
shoWing the construction of the active matriX element 
formed on the active matriX substrate shoWn in FIG. 1; 

[0055] FIG. 14 is a plan vieW schematically shoWing the 
positional relationship betWeen a provisional adhesive layer 
and a spacer layer in the active matriX substrate according to 
a modi?cation of the present invention; 

[0056] FIG. 15 is a plan vieW schematically shoWing the 
positional relationship betWeen a provisional adhesive layer 
and a spacer layer in the active matriX substrate according to 
another modi?cation of the present invention; 

[0057] FIG. 16 is a plan vieW schematically shoWing the 
positional relationship betWeen a provisional adhesive layer 
and a spacer layer in the active matriX substrate according to 
another modi?cation of the present invention; 

[0058] FIG. 17 is a plan vieW schematically shoWing the 
positional relationship betWeen a provisional adhesive layer 
and a spacer layer in the active matriX substrate according to 
another modi?cation of the present invention; 

[0059] FIG. 18 is a plan vieW schematically shoWing the 
positional relationship betWeen a provisional adhesive layer 
and a spacer layer in the active matriX substrate according to 
another modi?cation of the present invention; 

[0060] FIG. 19 is a cross sectional vieW for describing the 
manufacturing method of an active matriX substrate accord 
ing to another modi?cation of the present invention; and 
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[0061] FIG. 20 is a cross sectional vieW for describing the 
manufacturing method of an active matrix substrate accord 
ing to still another modi?cation of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0062] An active matrix substrate according to an embodi 
ment of the present invention and a method of manufactur 
ing the same Will noW be described With reference to the 
accompanying draWings. 

[0063] Before describing the active matrix substrate of the 
present invention, the situation under Which the present 
inventors have arrived at the present invention Will noW be 
described brie?y. 

[0064] In the manufacture of an active matrix substrate, an 
active element is formed ?rst on a element form ation 
substrate, followed by transferring the active element from 
the element formation substrate onto an intermediate trans 
fer substrate and subsequently transferring selectively the 
active element from the intermediate transfer substrate onto 
a ?nal substrate. The present inventors have looked into the 
selectivity of the transfer in selectively transferring the 
active element in the process of manufacturing the active 
matrix substrate. 

[0065] It has been clari?ed that, in the ?nal substrate, the 
transfer selectivity is high in the region into Which the active 
element is to be transferred and in the region in Which the 
pixel electrode is to be formed, particularly, in the region 
including the central portion of the pixel region. On the other 
hand, it has been clari?ed that, in the ?nal substrate, the 
transfer selectivity Within the pixel region is loWered as the 
transfer region approaches the peripheral region onto Which 
the active element is not transferred from the central portion 
of the pixel region, the peripheral region being formed to 
surround the pixel region. Particularly, it has been clari?ed 
that a ?rst type defective transfer is generated more fre 
quently than a second type defective transfer, as the transfer 
region approaches the peripheral region in the ?nal sub 
strate, compared With the case Where the transfer region is 
in the central region of the pixel region. Incidentally, the ?rst 
type defective transfer noted above denotes that the active 
element that should not be transferred is transferred. On the 
other hand, the second type defective transfer denotes that 
the active element that should be transferred is not trans 
ferred. It is considered reasonable to understand that the 
defective transfer is generated because an adhesive layer for 
bonding the active element is not included in the peripheral 
region of the ?nal substrate and, thus, the spacer effect 
produced by the adhesive layer is loWered. In other Words, 
When the active element is transferred from the intermediate 
transfer substrate onto the ?nal substrate, the pressure for 
pushing the active element against the intermediate transfer 
substrate is applied more strongly to the active element in 
the peripheral region than in the pixel region of the ?nal 
substrate. It folloWs that the active element on the interme 
diate transfer substrate is brought into contact more easily 
With the ?nal substrate, With the result that the unselected 
active element in the pixel region or the active element in the 
peripheral region of the intermediate transfer substrate is 
also transferred onto the ?nal substrate. Such being the 
situation, the yield in the manufacture of the active matrix 
substrate is loWered so as to increase the manufacturing cost. 
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[0066] Under the circumstances, in the manufacturing 
process of the active matrix substrate according to the 
present invention, a space layer is formed in the peripheral 
region of the intermediate transfer substrate or in the periph 
eral region of the ?nal substrate so as to permit a substan 
tially uniform pressure to be applied to the active element. 
In this fashion, it is possible in the present invention to 
prevent the defective transfer that the active element that 
should not be transferred is transferred. 

[0067] The active matrix substrate according to a ?rst 
embodiment of the present invention Will noW be described 
With reference to FIG. 1. The active matrix substrate shoWn 
in FIG. 1 corresponds to a ?nal substrate 11. As shoWn in the 
draWing, a spacer layer 16 is formed in a peripheral region 
13 of the substrate 11. 

[0068] The active matrix substrate, i.e., ?nal substrate) 11 
has a surface that is partitioned into a pixel region 12 
including the central portion of the substrate 11 and 
expanded to cover the periphery of the central region, and 
the peripheral region 13 formed to surround the pixel region 
12. Aplurality of adhesive layers 14 are arranged to form a 
matrix in the pixel region 12 on the active matrix substrate 
11, and an active element 15 is formed on each of the 
adhesive layers 14. Also, the spacer layers 16 are formed in 
the peripheral region 13 on the active matrix substrate 11 
such that the adhesive layers 14 and the spacer layers 16 are 
arranged to form a matrix including a plurality of roWs and 
a plurality of columns on the active matrix substrate 11. The 
adhesive layers 14 are siZed substantially equal to or slightly 
larger than the active elements 15, and the spacers 16 are 
siZed substantially equal to the adhesive layers 14. 

[0069] As described above, the spacer layers 16 are 
formed in the present invention in the peripheral region 13 
on the active matrix substrate 11 so as to prevent the 
defective transfer that the active element 15 is transferred 
onto a non-transfer section. To be more speci?c, in the 
process of alloWing an intermediate transfer substrate (not 
shoWn), Which is described herein later, to be pushed against 
the active matrix substrate 11 for transferring the active 
element 15 onto the active matrix substrate 11, the spacer 
layers 16 permit the pressure substantially equal to the 
pressure applied to the central portion of the pixel region 2 
to be applied betWeen the active matrix substrate 11 and the 
intermediate transfer substrate even in the edge portion of 
the pixel region 12. 

[0070] It should also be noted that, in the active matrix 
substrate 11 shoWn in FIG. 1, the pitches in the X- and 
Y-directions of the adhesive layers 14, the pitches in the X 
and Y-directions of the spacer layers 16, and the distance 
betWeen the adhesive layer 14 and the spacer layer 16 are 
de?ned to be 1x(0)=1x(1)=1x(2) and 1y(0)=1y(1)=1y(2), 
Where 1x(0) and 1y(0) denote the pitches of the adhesive 
layers 14 in the pixel region 12 in the X-direction (roW 
direction) and the Y-direction (column direction), respec 
tively, 1x(2) and 1y(2) denote the pitches of the spacer layers 
16 in the peripheral region 13 in the X- and Y-directions, 
respectively, and the 1x(1) and 1y(1) denote the distances 
betWeen the adhesive layer 14 and the spacer layer 16 in the 
X- and Y-directions, respectively. In other Words, the adhe 
sive layers 14 and the spacer layers 16 are arranged in the 
same period in the pixel region 12 and the peripheral region 
13. Where the adhesive layers 14 and the spacer layers 16 
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are arranged at the same pitch as pointed out above, it is 
possible to allow the pressures applied to the pixel region 12 
and the peripheral region 13 to be substantially equal to each 
other. Also, in the particular arrangement, the spacer layers 
16 can be formed simultaneously With formation of, for 
example, the adhesive layers 14. 

[0071] Concerning the spacer pitch, it suf?ces for the 
conditions of 1x(2)§1x(0) and 1y(2)§1y(0) to be satis?ed 
even if the adhesive layers 14 and the spacer layers 16 are 
not arranged at the same pitch. If the conditions given above 
are satis?ed, it is possible for the active elements 15 to be 
transferred successively in any order. 

[0072] As shoWn in FIG. 1, a provisional adhesive layer 
for alloWing the active matrix substrate 11 to be provision 
ally bonded to an intermediate transfer substrate (not shoWn) 
is formed in the intermediate transfer substrate in the range 
denoted by a reference numeral 17. It is desirable for the 
distance 1y(3) betWeen the inner peripheral edge of the 
range 17 of the provisional adhesive layer and the edge of 
the spacer layer 16 to be set larger than the pitch 1y(0) of the 
adhesive layers 14 in the Y-direction. If the distance 1y(3) is 
set larger than the pitch 1y(0), the spacer layer 16 is brought 
into contact With the provisional adhesive layer 17 When the 
active elements 15 are repeatedly transferred successively. 
As a result, the effect produced by the spacer layers 16 for 
alloWing the distribution of the applied pressure to be 
uniform Without fail is increased so as to prevent the 
defective transfer of the active elements 15. 

[0073] The manufacturing method of a liquid crystal dis 
play device comprising the active matrix substrate shoWn in 
FIG. 1 Will noW be described With reference to FIGS. 2 to 
11. 

[0074] In the ?rst step, prepared is an element formation 
substrate 201 formed of a glass substrate having a high 
resistance to heat. An undercoat layer 202 made of, for 
example, a SiOX ?lm or a SiNX ?lm is formed on the element 
formation substrate 201 in a thickness of about 200 nm to 1 
pm. Then, the undercoat layer 202 is selectively removed so 
as to form a plurality of undercoat layers 202 in the form of 
islands on the element formation substrate 201 as shoWn in 
FIG. 2. A thin ?lm transistor 15 is formed on the surface of 
each of the island-like undercoat layers 202. Further, a 
protective layer 203 made of, for example, a photosensitive 
polyimide resin is formed to cover the thin ?lm transistor 15 
and the undercoat layer 202. Similarly, the protective layer 
203 is selectively removed such that the thin ?lm transistor 
15 is covered With the undercoat layer 202 and the protective 
?lm 203. In this fashion, the thin ?lm transistor 15 is left on 
the undercoat layer 202. 

[0075] Incidentally, the thin ?lm transistor 15 Will be 
described later in detail. In the folloWing description, the 
combination of the thin ?lm transistor 15, the undercoat 
layer 202 and the protective ?lm 203 is called an active 
element 100. 

[0076] In the next step, prepared is an intermediate trans 
fer substrate 204 onto Which all the active elements 100 
formed on the element formation substrate 201 are tempo 
rarily transferred, as shoWn in FIG. 3. A peeling layer 205 
is formed on the intermediate transfer substrate 204. The 
peeling layer 205 is formed of a UV peeling resin that is 
peeled upon irradiation With an ultraviolet light, “Liva 
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alpha” (trade name of a resin manufactured by Nitto Denko 
K.K., Which is foamed upon heating so as to loWer the 
adhesivity), or “Intellimer” (trade name of a resin manufac 
tured by KK. Nitta, the adhesion of Which is changed by 
utiliZing the phase transfer phenomenon in the non-crystal 
line state). By the adhesion of the peeling layer 205, the 
protective layer 203 Wrapping the active element 100 on the 
element formation substrate 201 is bonded to the interme 
diate transfer substrate 204. 

[0077] In the next step, the element formation substrate 
201 is removed as denoted by a dotted line in FIG. 4. For 
removing the element formation substrate 201, it is possible 
to employ a Wet etching method that uses a chemical 
material such as hydro?uoric acid. It is also possible to 
employ a chemical mechanical polishing method in Which 
the element formation substrate 201 is mechanically pol 
ished While dipping the substrate 201 in a chemical solution. 
Also, in place of removing the element formation substrate 
201 itself, it is possible to form, for example, a hydrogenated 
amorphous silicon layer betWeen the undercoat layer 202 
and the element formation substrate 201. In this case, the 
amorphous silicon layer is abraded by means of a laser beam 
irradiation so as to peel the element formation substrate 201 
While leaving the active element 100 etc. unremoved on the 
side of the intermediate transfer substrate 204. By this 
process, the active elements 100 are independently bonded 
provisionally to the intermediate transfer substrate 204. 

[0078] Further, as shoWn in FIG. 5, prepared is a ?nal 
substrate 11 onto Which the active elements 100 are selec 
tively transferred from the intermediate transfer substrate 
204 to Which the active elements 100 are bonded provision 
ally. It is possible for the ?nal substrate 11 to be formed of 
a plastic substrate made of, for example, polyether ether 
ketone (PEEK), polyethylene naphthalate (PEN), polyether 
sulfone (PES) or polyimide (PI). It is also possible to use a 
?exible substrate as the ?nal substrate 11. In the case of 
using a ?exible substrate, it is possible to achieve a display 
device that can be bent or folded like a paper sheet. Further, 
it is apparently possible to use a substrate that is not ?exible 
such as a glass substrate or a silicon substrate as the ?nal 
substrate 11. 

[0079] The spacer layers 16 are formed by using an acrylic 
resin in a thickness of 0.5 pm to 10 pm in the peripheral 
region on the ?nal substrate 11. Also, the adhesive layers 14 
are formed by using an acrylic resin in a thickness of about 
1 pm to 5 pm in that region on the ?nal substrate 11 into 
Which the active elements are to be transferred. Incidentally, 
in this embodiment, the adhesive layers 14 and the spacer 
layers 16 are arranged in the planar pattern shoWn in FIG. 
1. 

[0080] It is possible for the spacer layer 16 to be formed 
of an organic resin such as an acrylic resin or a polyimide 
series resin or an inorganic material such as SiOX. The 
acrylic resin is excellent in adhesivity, transparent, excellent 
in ?exibility, and is unlikely to be cracked. Therefore, it is 
particularly desirable to use the acrylic resin for forming the 
spacer layer 16. In the case of using a photosensitive organic 
resin for forming the spacer layer 16, the spacer layer 16 can 
be patterned easily so as to make it possible to loWer the 
manufacturing cost, compared With the use of a resin that is 
not photosensitive. Of course, the spacer layer 16 can be 
patterned by means of etching or printing even if the spacer 
layer 16 is formed of a resin that is not photosensitive. 
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[0081] Suppose N><M active elements 100 are arranged at 
a high density on the element formation substrate 201, all of 
these active elements 100 are transferred in the same pattern 
onto the intermediate transfer substrate 204, and the active 
elements 100 on the intermediate transfer substrate 204 are 
transferred onto a single ?nal substrate 11 such that all the 
active elements 100 are distributed on four ?nal substrates 
11. Since the active elements on the element formation 
substrate 201 and the intermediate transfer substrate 204 are 
distributed onto the four ?nal substrate 11, N/2><M/2 active 
elements 100 are selectively transferred from the interme 
diate transfer substrate 204 onto each of the four ?nal 
substrates 11. 

[0082] The adhesive layer 14 performs the function of 
selectively transferring the active elements 100 from the 
intermediate transfer substrate 204 onto the ?nal substrate 
11. To be more speci?c, since the adhesive layers 14 are 
arranged at a prescribed arranging pattern on the ?nal 
substrate 11, the active elements 100 provisionally bonded 
to the intermediate transfer substrate 204 are classi?ed into 
a selected group of the active elements 100 that are in 
contact With the adhesive layers 14 and a non-selected group 
of the active elements 100 that are not in contact With the 
adhesive layers 14. The active elements in the selected group 
are peeled off from the intermediate transfer substrate 204 so 
as to be provisionally bonded to the ?nal substrate 11, and 
the active elements in the non-selected group are left to be 
held by the intermediate transfer substrate 204. The ?nal 
substrate 11 is constructed to permit the adhesive layers 14 
to be formed in the ?nal substrate 11 in an arrangement 
corresponding to the arrangement of the active elements 100 
in the selected group and to permit the adhesive layers 14 not 
to be formed in that region on the ?nal substrate 11 Which 
corresponds to the arranging positions of the active elements 
in the non-selected group. 

[0083] It is possible to use, for example, an acrylic resin or 
a polyimide series resin for forming the adhesive layer 14. 
In the case of using the resin exempli?ed above, the adhe 
sive layer 14 is not denatured even under a high temperature 
state of about 200° C. to 300° C. in the process of forming 
a Wiring or the process of forming a passivation ?lm, Which 
are described herein later. Particularly, it is desirable to use 
an acrylic resin for forming the adhesive layer 14 because 
the acrylic resin is excellent in adhesivity, transparent, 
excellent in ?exibility, and is unlikely to be cracked. Also, 
in the case of manufacturing a transmission type liquid 
crystal display device, use of the acrylic resin for forming 
the adhesive layer 14 is advantageous in terms of the light 
ef?ciency because the acrylic resin exhibits a high transmit 
tance of a visible light. It is possible to disperse ?ne particles 
of a metal such as Cr in the adhesive layer 14 or to use a 
black resist for forming the adhesive layer 14. If the adhe 
sive layer 14 is blackened or rendered opaque, it is possible 
to suppress the light leakage into the active element trans 
ferred onto the adhesive layer 14 so as to improve the 
sWitching ratio of the transistor. As a result, the image 
quality of the display device that is ?nally formed is 
improved. If a photosensitive organic resin is used for 
forming the adhesive layer 14, the organic resin layer can be 
patterned easily into the adhesive layer 14. Also, in the case 
of using an organic resin, the manufacturing cost can be 
loWered, compared With the case of using a resin that is not 
photosensitive. Of course, in the case of using an organic 
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resin that is not photosensitive, the resin layer can be 
patterned by means of, for example, etching or printing. 

[0084] It is possible to form the spacer layers 16 and the 
adhesive layers 14 in the same process by using the same 
material, though the spacer layers 16 are formed to have a 
height larger than that of the adhesive layers 14. As shoWn 
in FIG. 5, the spacer layer 16 is formed in a height equal to 
the sum of the thickness of the adhesive layer 14 and the 
height of the active element 100 that is to be transferred onto 
the adhesive layer 14. If the spacer layers 16 and the 
adhesive layers 14 can be formed simultaneously, the num 
ber of process steps is decreased so as to loWer the manu 
facturing cost of the active matrix substrate. 

[0085] Incidentally, if a ?uorination treatment such as a 
CF4 plasma processing is applied selectively to the surfaces 
of the spacers 16 after formation of the spacer layers 16 With 
the region other than the peripheral region 13 masked With, 
for example, a resist pattern, it is possible to obtain the effect 
of suppressing the transfer of the active elements 100 onto 
the spacer layers 16 even if the active elements 100 are 
brought into contact With the spacer layers 16. LikeWise, if 
a ?uorination treatment such as a CF4 plasma processing is 
applied to the surface of the pixel region 12 after formation 
of the adhesive layers 14 With the adhesive layers 14 masked 
With, for example, a resist, the peeling capability is pro 
moted in the region other than the adhesive layers 14 so as 
to obtain the effect that the active elements 100 are unlikely 
to be transferred into the non-selected section. 

[0086] In the next step, the intermediate transfer substrate 
204 is aligned With the ?nal substrate 11 such that the active 
elements 100 that are to be transferred are brought into 
contact With the adhesive layers 14, folloWed by bonding the 
active elements 100 to the adhesive layers 14, as shoWn in 
FIG. 6. For performing the bonding, it is possible to use a 
bonding device including tWo ?at plates that are arranged in 
parallel or in substantially parallel. In this case, the objects 
to be bonded are held betWeen the tWo ?at plates so as to 
permit the objects, Which are to be bonded, to be pushed 
against the tWo ?at plates. It is also possible to use a bonding 
device including a ?at plate and a single roller arranged on 
the ?at plate. In this case, the objects to be bonded are rolled 
by the roller on the ?at plate so as to achieve the desired 
bonding. Further, it is also possible to achieve the desired 
bonding by using a contact bonding device formed of tWo 
rollers. In the bonding device exempli?ed above, the objects 
to be bonded are heated under a pressuriZed state and, then, 
cooled to room temperature. In this embodiment of the 
present invention, the active elements 100 bonded to the 
adhesive layers 14 are arranged in the pixel region 12, and 
the spacer layers 16 are formed in the peripheral region 13. 
As a result, a substantially uniform pressure is applied to the 
pixel region 12 and the peripheral region 13. 

[0087] In the next step, the intermediate transfer substrate 
204 and the ?nal substrate 11, Which are kept bonded, are 
removed from the bonding device, folloWed by applying a 
treatment for promoting the peeling to the peeling layer 205, 
as shoWn in FIG. 7. In this embodiment, used is the adhesive 
peeling layer 205 that can be peeled off by the heating and, 
thus, a heat treatment is applied to the peeling layer 205 so 
as to peel off the active element 100 from the peeling layer 
205. For example, in the case of using the peeling layer 205 
that is peeled off upon irradiation With an ultraviolet light, it 
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suffices to irradiate the peeling layer 205 With an ultraviolet 
light so as to permit the active element 100 to be peeled off 
from the peeling layer 205. Particularly, selectivity of the 
transfer can be improved by applying a heat treatment or an 
ultraviolet light irradiation to only that region Which corre 
sponds to the active element 100 that is to be transferred. By 
applying the particular peeling treatment, the adhesive force 
of the peeling layer 205 formed on the intermediate transfer 
substrate 204 is loWered, and the active element 100 in 
contact With the adhesive layer 14 is thermally bonded by 
the contact bonding to the adhesive layer 14, With the result 
that the active element 100 can be selectively transferred 
onto the adhesive layer 14. Incidentally, the active matrix 
substrate 11 shoWn in FIG. 7 corresponds to the cross 
section along the line VII-VII shoWn in FIG. 1. 

[0088] It is possible to form a plurality of active matrix 
substrates 11 from a single intermediate transfer substrate 
204 having the active elements 100 formed thereon at a high 
density by repeating the selective transfer process described 
above a plurality of times. As a result, it is possible to loWer 
the manufacturing cost of the active matrix substrate. It is 
also possible to form the active matrix substrate 11 siZed 
larger than the intermediate transfer substrate 204 by per 
forming the transfer operation from the intermediate transfer 
substrate 204 a plurality of times. In other Words, it is 
possible to form an active matrix substrate for a large display 
device from a small substrate so as to make it possible to 
miniaturiZe the manufacturing apparatus of the active ele 
ments. 

[0089] FIGS. 8 and 9 collectively exemplify the case 
Where the active element 100 is transferred from a small 
intermediate transfer substrate 204 onto a large ?nal sub 
strate 11 by repeating the transfer of the active element 100. 
As shoWn in FIG. 8, the active elements 100 are arranged to 
form a matrix having roWs N and columns M in the central 
region of the intermediate transfer substrate 204. Also, the 
adhesive layers 16 are arranged at a prescribed pitch in a 
manner to form roWs and columns in the pixel region 12 of 
the ?nal substrate 11. The pitch of the adhesive layers 16 is 
set integer number times as large as the pitch of the active 
elements 100 on the intermediate transfer substrate 204. It 
folloWs that, after the active elements 100 are transferred 
from the intermediate transfer substrate 204 onto the ?nal 
substrate 11, a prescribed active element 100 can be aligned 
With the adhesive layer 16 on the ?nal substrate 11 by 
shifting the intermediate transfer substrate 204 in an amount 
corresponding to the pitch of the active elements 100 on the 
intermediate transfer substrate 204. 

[0090] Also, the intermediate transfer substrate 204 is 
aligned With the ?nal substrate 11 such that the prescribed 
active element 100 is alloWed to face the adhesive layer 16 
in the transfer region, as shoWn in FIG. 8. In this case, the 
peripheral portion of the intermediate transfer substrate 204 
is alloWed to face the spacer 16 of the ?nal substrate 11. If 
the intermediate transfer substrate 204 is pushed against the 
?nal substrate 11 under the particular state, a prescribed 
active element 100 is pushed against the adhesive layer 16 
under the state that the spacer 16 abuts against the peripheral 
portion of the intermediate transfer substrate 204, With the 
result that the prescribed active element 100 is transferred 
onto the ?nal substrate 11. It folloWs that, in the example 
shoWn in FIG. 8, the prescribed active element 100 is 
transferred onto 3x4 adhesive layers 16. 
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[0091] In the next step, the intermediate transfer substrate 
204 is separated from the ?nal substrate 11 and moved by a 
prescribed distance so as to permit the intermediate transfer 
substrate 204 to be aligned With the ?nal substrate 11 such 
that a prescribed active element 100, Which is neWly 
selected, is alloWed to face a neW adhesive layer 16 in the 
transfer region. In this stage, the peripheral portion of the 
intermediate transfer substrate 204 is alloWed to face the 
spacer 16 of the ?nal substrate 11 and the active element 100 
that has been already transferred. If the intermediate transfer 
substrate 204 is pushed against the ?nal substrate 11 under 
this state, a prescribed active element 100, Which is neWly 
selected, is pushed against the adhesive layer 16 under the 
state that the spacer 16 and the prescribed active element 
100, Which is neWly selected, are pushed against the adhe 
sive layer 16. As a result, the prescribed active element 100 
is transferred onto the ?nal substrate 11. It folloWs that the 
prescribed active element 100 is transferred onto 3x4 adhe 
sive layers 16. The transfer process described above is 
repeated so as to permit the active element 100 to be 
transferred onto all of the ?nal substrates 11. 

[0092] In the example shoWn in FIGS. 8 and 9, six active 
elements are arranged to form a roW in the intermediate 
transfer substrate 204. It folloWs that it is possible to transfer 
the active element 100 from a single intermediate transfer 
substrate 204 into the pixel region 12 having an area 6 times 
as large as the area of the intermediate transfer substrate 204. 
In the transfer in the edge portion of the screen, it is possible 
to prevent the defective transfer in the edge portion of the 
screen by the arrangement that the edge portion of the 
intermediate transfer substrate 204 overlaps With the spacer 
layer 16. 

[0093] In the example shoWn in FIGS. 8 and 9, the 
intermediate transfer substrate 204 is suf?ciently smaller 
than the ?nal substrate 11, and all the active elements 100 
can be transferred onto the ?nal substrate 11 by a plurality 
of transfer operations. HoWever, it is possible for the active 
element 100 to be transferred from the intermediate transfer 
substrate 204 onto all the adhesive layers of the ?nal 
substrate 11 by a single transfer operation, as shoWn in FIG. 
10. To be more speci?c, the pixel region 12 of the ?nal 
substrate 11 is substantially equal to the area of the active 
element-forming region on the intermediate transfer sub 
strate 204 as shoWn in FIG. 10, and the active element 100 
is transferred from the single intermediate transfer substrate 
204 onto a single ?nal substrate 11 having a screen region of 
substantially the same area. Since the active element that is 
six times as large as the adhesive layer 16 formed in the ?nal 
substrate 11 is arranged in the intermediate transfer substrate 
204, it is possible to transfer the active element from the 
single intermediate transfer substrate onto the six ?nal 
substrates each having a screen region substantially equal to 
the area of the element region. 

[0094] As shoWn in FIG. 11, an organic ?lm layer made 
of a photosensitive polyimide is formed as a ?rst ?attening 
layer 206 in a thickness of about 5 to 10 pm on the active 
matrix substrate 11 having the active element 100 trans 
ferred thereonto. Then, the photosensitive polyimide layer is 
irradiated With an ultraviolet light so as to expose the 
photosensitive polyimide layer to the ultraviolet light in a 
prescribed pattern for the etching purpose. By this etching 
treatment, through-holes are formed on the gate electrode, 
the source electrode and the drain electrode of the active 












